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EXECUTIVE SUMMARY 
 
This Chapter discusses the studies that have been completed to evaluate the Wishbone Hill mine 
permit area for the presence of wetland areas that may be subject to the jurisdiction of the U.S. 
Army Corps of Engineers (USACE) under Section 404 of the Clean Water Act.  The evaluation 
that follows, is based on the detailed vegetation inventory and soil survey work that was 
completed on the entire mine permit area in 1988.  These vegetation and soil studies were 
previously discussed in Chapters VIII and XI, respectively.  The methods used for the wetlands 
evaluation followed the technical standards outlined in the USACE’s wetlands delineation 
manual published in 1987.  The evaluation concluded that no jurisdictional wetland areas were 
present within the proposed permit area for the Wishbone Hill coal project.  In October 1989, the 
USACE completed a technical review of the evaluation along with a site inspection and also 
concluded that there were no jurisdictional wetlands present within the study area. 
 
With the passage of time, the quality and availability of source data for wetland evaluations on 
the Wishbone Hill permit area have increased.  Several orthorectified aerial images of high 
resolution have been produced for the project area along with a detailed topographic survey.  In 
addition, other wetland and soil studies, applicable to the study area, have been completed and 
published. 
 
Recognizing the availability of this new source data and the changes that have occurred in 
regulatory interpretations and guidelines for wetlands determination, a new office based 
preliminary jurisdictional determination (PJD) was completed in January 2009 and is presented 
in Addendum 1.  This PJD was initiated under a phased approach and focused on the southern 
and western portions of the permit area.  Areas that were evaluated, included the access road 
corridors, surface facilities, topsoil and overburden stockpiles, and the western portion of the 
mining area.    Studies pertaining to the remaining portion of the mining area are in progress and 
will be included in this Chapter upon completion. 
 
The results of this PJD indicated that the wetland areas identified were very small  and isolated 
and not connected to any other wetland or regulated water.  It was concluded that the mapped 
wetlands identified in the study would most likely be classified as non-jurisdictional. 
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Graphic 1.  Proposed Development Areas Evaluated for this PJD 


1.0 Introduction and Purpose 
 


Usibelli Coal Mine, Inc. is currently evaluating alternatives to begin mining coal at the Wishbone Hill 


Project, a historic coal mining area located north of the Glenn Highway approximately 12 miles northeast 


of Palmer, Alaska within the Matanuska Valley (Figure 1).  The Wishbone Hill mining lease area 


(Graphic 1) encompasses approximately 1,356 acres and is within the following land survey sections:  


Sections 22, 23, 26-28, and 34-36 of Township 19N, Range 2E and Section 1 of Township 18N, Range 


2E, Seward Meridian.  North of the project area are the Talkeetna Mountains; east is Moose Creek, and 


south is the Matanuska River.  Most of the area is covered by undeveloped mixed birch/spruce forests and 


open graminoid/forb meadows.  Disturbed areas, including stockpiles of mining spoils, cleared forest, and 


several unimproved gravel roads are intermixed across the central portion of the lease area. 


 


A consideration for siting and selection of new mining facilities is the presence of wetlands and other 


regulated waters.  This report describes locations within five proposed development areas (Graphic 1) that 


are preliminarily determined to be wetlands.  Wetlands are subject to the jurisdiction of the U.S. Army 


Corps of Engineers (USACE) under authority of Section 404 of the Clean Water Act.  By federal law 


(Clean Water Act) and associated policy, it is necessary to avoid project impacts to wetlands wherever 


practicable, minimize impact where impact is not avoidable, and in some cases compensate for the 


impact.   


 


This preliminary jurisdictional determination (PJD) is an office-based study.  No formal field verification 


was conducted.  Off-site identification of wetlands and other regulated waters was completed using 


readily available aerial photographs, natural resource mapping, and existing documentation.  Wetlands 


identified within each of the five proposed 


developments are discussed in Section 3 of this 


report.  These five areas are shown on Graphic 1 


and include the following: 


 


� Surface Facilities Area (80.9 acres) 


� Topsoil Stockpile Area (29.4 acres) 


� Mine Area (64.0 acres) 


� Overburden Stockpile Area (31.8) 


� Access Road Corridors (35.6 acres) 


 


Wetlands were originally evaluated for the 


Wishbone Hill Project in a 1989 study 


(Nyenhuis and Helm 1989).  By circumstance of 


age, the findings presented in that study are 


outdated and inaccuracies may exist due to the 


quality of available source data during that time.  


Since the completion of that study, several 


orthorectified aerial images of much higher 


resolution have been produced for the project 


area, a detailed topographic survey has been 


completed, and other wetland and soil studies 


have been published.  The purpose of this PJD is 


to update the 1989 study, identify recent 


datasets, and reevaluate the presence of wetlands 


or other regulated waters using the newly 


gathered information. 
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The focus of this PJD is on identification of wetlands and other regulated waters; project design and 


impacts are not discussed in this report.  Wetlands, waters of the U.S., and uplands (non-wetlands), as 


referenced in this report, are defined as: 


 


Wetlands:  “Those areas that are inundated or saturated by surface or groundwater at a frequency 


and duration sufficient to support, and that under normal circumstances do support, a prevalence 


of vegetation typically adapted for life in saturated soil conditions” (33 Code of Federal 


Regulations [CFR] Part 328.3(b)).  Wetlands are a subset of “waters of the U.S.”  Note that the 


“wetlands” definition does not include unvegetated areas such as streams and ponds. 


 


As described in the 1987 Wetlands Delineation Manual and in the Alaska Regional Supplement 


to the 1987 Wetland Delineation Manual (USACE 1987, USACE 2007), wetlands must possess 


the following three characteristics: (1) a vegetation community dominated by plant species that 


are typically adapted for life in saturated soils, (2) inundation or saturation of the soil during the 


growing season, and (3) soils that are saturated, flooded, or ponded long enough during the 


growing season to develop anaerobic conditions. 


 


Waters of the U.S.:  Waters of the U.S. include other waterbodies regulated by the USACE, 


including navigable waters, lakes, ponds, and streams, in addition to wetlands. 


 


Uplands:  Non-water and non-wetland areas are called uplands.  


 


In addition to a site being wetland, it can also be classified as either a jurisdictional or non-jurisdictional 


wetland depending on its connectivity to other regulated waters.  Recent court decisions have attempted to 


clarify the USACE regulatory authority over wetlands without a direct surface water connection or those 


without a significant nexus to other regulated waters.  As stated in recent 2008 guidance, the USACE will 


assert jurisdiction, without the need for a significant nexus finding, over all traditional navigable waters 


(TNW),  wetlands adjacent to a TNW, non-navigable tributaries to a TNW that are relatively permanent, and 


wetlands that directly abut such tributaries.  The USACE will also assert jurisdiction over non-navigable, not 


relatively permanent tributaries and their adjacent wetlands where such tributaries and wetlands have a 


significant nexus to a TNW.  These include the following types of waters when they have a significant nexus 


with a traditional navigable water: (1) non-navigable tributaries that are not relatively permanent, (2) 


wetlands adjacent to non-navigable tributaries that are not relatively permanent, and (3) wetlands adjacent to, 


but not directly abutting, a relatively permanent tributary (e.g., separated from it by uplands, a berm, dike or 


similar feature).  The USACE will assess the flow characteristics and functions of the tributary itself, together 


with the functions performed by any wetlands adjacent to that tributary, to determine whether collectively 


they have a significant nexus with traditional navigable waters (EPA and USACE 2008).  Wetlands without a 


significant nexus to a TNW would be classified non-jurisdictional.  


 


2.0 Methods 
 


This PJD is office-based with no field verification.  Readily available aerial photographs, natural resource 


mapping, and existing documentation were reviewed to determine the presence or absence of wetlands; 


no formal field sampling (using routine wetland determination data forms) of wetland areas was 


conducted.  The following datasets were reviewed to identify potential wetlands and non-wetland “waters 


of the U.S.” occurring in each of the five mapping areas: 


 


� Color digital orthophoto taken on October 11, 2004 with a ground resolution of 0.6 meter pixel. 


� Color digital orthophoto taken on October 18, 2004 with a ground resolution of 0.6 meter pixel. 


� Color digital orthophoto taken on October 9, 2005 with a ground resolution of 1 meter pixel. 
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� U.S. Fish and Wildlife Service (USFWS) National Wetland Inventory (NWI) mapping for USGS 


topographic map Anchorage C-6 (Figure 2). 


� Stream mapping from the Matanuska-Susitna Borough GIS department (Figure 2). 


� Soil survey mapping from 1998 Soil Survey of the Matanuska-Susitna Valley Area, Alaska, produced 


by the Natural Resource Conservation Service (NRCS) (Figure 3). 


� Topographic mapping (10-foot contour intervals) prepared for the Wishbone Hill Project (Figure 4). 


 


Many of the above datasets were combined into a Geographic Information Systems (GIS) database and 


analyzed to identify probable wetlands or other regulated waters occurring at each five mapping areas.  


Delineating wetlands from aerial photography includes looking for vegetation clues, evidence of soil 


saturation, and evaluating topographic features.  On aerial photography, scientists look for saturation-


adapted vegetation communities, low plant height, open canopy structure, and presence of hydrophytic 


plant species.  A common example is the presence of stunted spruce trees, which are indicative of a 


limitation to growth such as excessively wet soils.  Visible evidence of wetland hydrology is also sought, 


including surface water and darker areas of photos indicating surface saturation.  A site’s proximity to 


streams, open water habitat, and marshes can be indicative of shallow subsurface water.  Lastly, evidence 


of topographic high points and sloped surfaces that would allow soils to drain is used to support 


classifying those areas as upland.  Topographic depressions, toes of slopes, and flat topography serve as 


indicators of potentially poor soil drainage. 


 


In addition to examining aerial photograph features, natural resource mapping, including NWI wetland 


mapping and soil survey data was reviewed for this office-based study.  NWI mapping is generally an 


effective tool for large-scale planning and analysis of wetlands but not suitable for smaller site-specific 


projects such as needed for this study.  NWI mapping is primarily based on high altitude aerial 


photographic interpretation with limited ground truthing, and therefore wetland boundaries tend to be 


oversimplified with many smaller wetlands not included in the mapping.  According to the NWI, no 


wetlands are identified within the mapping limits of this office-based PJD (USFWS 1996) (Figure 2).  


NRCS mapped soil types within each proposed development area are described in detail below (Section 


3).  Soils from the Matanuska-Susitna Valley Area Soil Survey (NRCS 1998) overlaid on the Wishbone 


Hill Project boundary are shown on Figure 3. 


 


A GIS-based terrain analysis was completed for each of the five mapping areas to determine whether any 


topographic features exist that would promote or inhibit wetlands from occurring.  Using topographic 


contours (10-foot contour intervals), a digital elevation model (DEM) was interpolated.  From that DEM, 


slope angles were calculated, flow direction and flow accumulation patterns reviewed, and topographic 


features examined for indicators of wetland hydrology (i.e., depressions, rivulets, swales, etc.).  Hillshade 


surface models developed from the DEM for each five mapping areas are shown in conjunction with 


aerial photography below on Graphics 2 through 5.  Depressions, hillslope, drainage features, and other 


notable topographic features for the entire Wishbone Hill mining area are shown on Figure 4. 


 


Lastly, all available datasets were reviewed collectively to complete digitizing of wetland-upland 


boundaries using GIS.  GIS polygons were attributed with NWI mapping codes based on the USFWS 


Classification of Wetlands and Deepwater Habitats of the U.S. (Cowardin et al. 1979).  A map of wetland 


boundaries overlaid on the 2005 aerial photograph base is shown on Figure 5.  Descriptions of each 


mapped wetland type, their jurisdictional status, and acreage are included below in Section 3. 
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Graphics 2a and 2b.  Surface Facilities Area Topography, Aerial 
Photography, and Wetland Mapping 


 


 


3.0 Project Area Descriptions 
 
3.1 Surface Facilities Area 


The Surface Facilities Area (SFA) (approximately 


81 acres) is located in the central portion of the 


Wishbone Hill Project Area (Figure 1).  Elevations 


within the SFA range from 810 feet to over 940 


feet above sea level.  Both undeveloped vegetated 


areas and disturbed cleared areas cover the site.  


At lower elevations, undisturbed areas are 


dominated by a cover of needleleaf forest; most 


likely consisting of mature white spruce (Picea 


glauca – FACU).  Within the broad area of 


needleleaf forest are two forest openings 


dominated by forb and graminoid species.  These 


two areas are located within kettle depressions.  


Across the higher elevations are dense forests of 


broadleaf trees, most likely comprised of paper 


birch (Betula papyrifera – FACU), balsam poplar 


(Populus balsamifera – FACU), or quaking aspen 


(Populus tremuloides – FACU). 


 


Along the northern boundary of the SFA are 


barren areas of historic mining spoils.  A single, 


closed depression dominated by graminoid and 


forb species occurs between the spoils at the 


northern tip of the SFA.  


 


According to the soil survey, two soil types 


underlie the SFA (Figure 3).  Higher elevations are 


mapped as Kichatna silt loam; lower elevations as 


Kashwitna silt loam.  Both soils are not hydric, but 


may have 15 percent or less hydric inclusions 


within them (NRCS 1998). 


 


Surface water is clearly visible within in the 


lowest-lying areas of the largest kettle depression 


near the eastern boundary (Graphic 2b).  Darker 


color signatures on aerial photographs indicate 


saturated soils occur within all three kettle 


depressions.  These areas are determined to be 


wetland (Figure 5).  The two northernmost depressions appear to be seasonally flooded emergent 


wetlands (NWI mapping code PEM1C); the southern depression has both an area of PEM1C and a 


slightly higher area of saturated needleleaved forest/emergent wetlands (PFO4/EM1B).  These wetlands 


cover approximately 2.4 acres of the mapped 81 acre area (Table 1).  Topographically, all three mapped 


wetlands are located within closed basins, isolated from other wetlands or streams.  Uplands appear to 


dominate the remaining areas, encompassing approximately 78.5 acres, or 97 percent of the mapped area 


(Table 1).  These areas would not be subject to USACE jurisdiction. 
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Graphics 3a and 3b.  Topsoil Stockpile Area Topography, Aerial 
Photography, and Wetland Mapping 


 


3.2 Topsoil Stockpile Area 
The Topsoil Stockpile Area (TSA) is located 


immediately northwest of the SFA.  Elevations 


range from 850 feet to 970 feet within the 29-acre 


mapped area.  Similar to the SFA, both 


undisturbed vegetated areas and unvegetated 


mining spoils cover the site.  Undisturbed 


vegetated areas are dominated by dense canopies 


of mature broadleaf forest. Numerous forest 


openings are scattered across the site; these are 


likely dominated by a mix of graminoid and forb 


species.  Five of the non-forested meadow 


communities are located within kettle depressions 


(Graphic 3a). 


 


Areas along the eastern boundary are covered by 


historical mining spoils.  No indicators of wetland 


are seen across these disturbed areas.     


 


The soil survey identified two mapped soil types 


within the TSA (Figure 3).  The majority of the 


site is mapped as Kichatna silt loam.  Along the 


northern portion of the TSA, is the beginning of a 


large hill that extends northward across much of 


the Wishbone Hill Project Area.  Across this 


hillslope, soils are mapped as Talkeetna/Warm-


Talkeetna thick surface soil.  Both of these soil 


types are predominantly non-hydric (NRCS 1998). 


 


Evidence of soil saturation (darker coloration 


within non-forested meadow communities) is 


visible on aerial photographs within all five kettle 


depressions.  These depressions are most likely 


seasonally flooded emergent wetlands (PEM1C) 


(Graphics 3a, 3b and Figure 5).  The five wetland 


polygons cover approximately 0.7 acres (Table 1).  


Similar to the wetlands mapped in the SFA, these wetlands are within closed basins, isolated from any 


other wetland or drainage.  These kettle depression wetlands likely meet the USACE definition as wetland 


but may be non-jurisdictional because they lack connection to other regulated waters. 


 


Uplands appear to cover the remaining 78.5 acres, or 97 percent of the mapped area (Table 1).  These 


areas lack vegetation communities typical of wetlands and are situated across topographic features 


(ridges, hillslopes, and convex landforms) that typically inhibit wetland formation.  These areas would not 


be subject to USACE jurisdiction. 
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Graphics 4a and 4b.  Mine Area Topography, Aerial Photography, and 
Wetland Mapping 


3.3 Mine Area 
The Mine Area (MA), located west of the TSA, 


encompasses 64 acres.  Elevations within the 


MA range from 790 feet to 980 feet.  Nearly the 


entire MA remains undeveloped and covered 


with broadleaf forest, sparsely intermixed with 


spruce.  Two previously disturbed areas occur 


along the eastern and central portions of the MA.  


These areas are mostly barren mounds of 


historical mining spoils.  A small, gravel road 


parallels the northernmost disturbed area.   


 


Three small, non-forested depressions occur 


within the eastern half of the MA (Graphics 4a 


and 4b).  The westernmost depression is 


surrounded by mining spoils, indicating the area 


may be man-made.  The two eastern depressions 


appear to be natural kettles surrounded by 


mature forest communities. 


 


Four soil types are mapped in the MA (Figure 


3).  Kichatna silt loam underlies the majority of 


the site.  Along the higher elevations near the 


northeastern boundary is small area of mapped 


Talkeetna/Warm-Talkeetna thick surface 


complex.  Areas along the western boundary are underlain by Cryods and Cryochrepts.  Lastly, the 


developed portions of the MA along the northern boundary are mapped as mine spoils.  All four of these 


mapped soil types are non-hydric (NRCS 1998).  


 


Surface water is visible on aerial photography within the northernmost topographic depression.  This 


depression is likely a man-made impoundment of water, surrounded by barren, graded mounds of mine 


spoils.  Areas of soil saturation are also visible within the other two kettle depressions.  All three areas 


likely receive water from precipitation and runoff from surrounding areas.  Each is likely to be inundated 


in the spring after snowmelt or during wetter times of the year, indicating a wetland type code of 


seasonally flooded emergent wetlands (PEM1C).  These wetlands cover a 0.2-acre area of the MA (Table 


1).  All three mapped wetlands are within closed basins, isolated from any other wetland or drainage. 


 


Uplands dominate the MA, covering approximately 63.8 acres, more than 99 percent of the mapped area 


(Table 1).  Vegetation signatures on aerial photography indicated mature, forested communities 


dominated by bon-hydrophytic plant communities.  Mapped non-hydric soil types and topographic 


features further indicate non-wetlands cover the majority of the MA.  These areas would not be subject to 


USACE jurisdiction. 
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Graphics 5a and 5b.  Overburden Stockpile Area Topography, Aerial 
Photography, and Wetland Mapping 


 


 


3.2 Overburden Stockpile Area 


The Overburden Stockpile Area (OSA) 


encompasses 32 acres.  Most of the OSA is flat 


with little topographic relief (Graphic 5a).  


Elevations range from 840 feet to 900 feet, with 


most elevation change occurring along the 


northern boundary.  Mixed needleleaf and 


broadleaf forest dominate the broad, flat portions 


of the OSA.  Along the northern border, three 


cover types are observed; these include 


broadleaf forest, graminoid/forb meadow, and a 


barren area of historic mining spoils.  The 


graminoid/forb meadow area, similar to other 


mapping areas, is located within a kettle 


depression. 


 


Two soil types are mapped in the OSA, Kichatna 


silt loam and Depressional Cryaquepts (Figure 


3).  The expansive flat area covering the 


majority of the OSA is mapped as Depressional 


Cryaquepts.  This soil type is hydric (NRCS 


1998).  Contrary to the mapped soil type, the 


vegetation community covering this area 


comprises mature white spruce intermixed with 


broadleaf trees (most likely paper birch or 


balsam poplar), indicating a non-hydrophytic 


plant community.  Furthermore, no areas of soil 


saturation or topographic features (depressions 


or drainage features) indicate the presence of 


hydric soils.  Kitchatna silt loam, a non-hydric 


soil type, covers the hillier portions along the 


northern boundary of the OSA. 


 


Some evidence of saturated soils (darker photo 


signatures) is observed within the single kettle 


depression near the northwestern boundary.  No 


other indicators of wetland hydrology are seen 


on aerial photographs.  It is expected that this 


0.3-acre depression is a seasonally flooded emergent wetland (PEM1C) (Table 1).  Like all other mapped 


low-lying PEM1C wetlands within the Wishbone Hill Project Area, this wetland is located within a 


hydrologically closed basin, isolated from other wetlands or streams. 


 


Uplands appear to dominate the remaining 31.5 acres of the OSA (Table 1).  Although the soil survey 


indicates much of the area is underlain by hydric soil, lack of vegetation and hydrology indicators suggest 


the broad, flat area is non-wetland.  These areas would not be subject to USACE jurisdiction. 
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3.2 Access Road Corridors 
Two separated areas of proposed access road corridor exist within the mapping extent of this PJD.  The 


longest corridor begins at the Glenn Highway and extends northward for approximately 2.6 miles (Figure 


1).  This proposed road would provide the primary access to the mine area.  A nearly 500-foot elevation 


gain from the highway to the SFA exists along this route.  A second set of access roads would connect the 


four larger mining facilities (SFA, TSA, MA, and OSA) near the central portion of the Wishbone Hill 


Project Area.  Approximately one mile of road would be situated within these corridors. 


 


The access road corridors traverse across all of the same cover types described above; including broadleaf 


forest, needleleaf forest, mixed broadleaf/needleleaf forest, graminoid/forb meadows, and barren areas of 


historic mining spoils.  Six mapped soil types are intersected by the road corridors (Figure 3).  All six 


types are non-hydric (NRCS 1998). 


 


Similar to the other four mapping areas, indicators of wetland are seen exclusively in kettle depressions.  


Four small kettle depressions partially intersect the southernmost section of the proposed road corridor 


linking the mining areas to the Glenn Highway (Figure 5).  These depressions encompass less than a 0.1-


acre area (Table 1).  Like other mapped wetlands, each of these depressions is covered by a 


graminoid/forb meadow community and soils appear saturated on aerial photographs.  These four areas 


are determined to be seasonally flooded emergent wetlands (PEM1C).  All are located within closed 


basins, isolated from any other wetland or regulated water. 


 


No indicators of wetland are present within any other access road corridor area.  These remaining areas, 


35.5 acres in all (Table 1), appear to be upland and would not be subject to USACE jurisdiction. 


 


4.0 Mapping and Classification Results 
 


In summary, two wetland types are mapped in this office-based PJD; seasonally-flooded emergent 


wetlands (PEM1C) and saturated needleleaved forest/emergent wetlands (PFO4/EM1B).  Areas mapped 


as seasonally flooded emergent wetlands on Figure 5 are generally locations where surface water or soil 


saturation (darker areas), or both, and non-forested plant communities are visible on aerial photographs.  


All of these mapped PEM1C wetlands are within kettle depressions or man-made impoundments that are 


likely conducive to retaining water.  Approximately 2.8 acres of PEM1C wetlands were identified in this 


office-based study (Table 1).   


 


A PFO4/EM1B wetland is mapped within a single low-lying area (0.9 acre) at the eastern boundary of the 


SFA. This mapped wetland type is dominated by a sparse canopy of needleleaf forest.  The area borders a 


PEM1C wetland where surface water is clearly seen in aerial photographs.  The open forest community is 


situated at nearly the same elevation as the PEM1C wetland within the broad kettle depression.  The 


combination of nearby surface water and a modest elevation gain indicates a shallow water table within 


the depression.  That shallow water table likely results in stunted spruce growth and sparse cover, both 


characteristics seen on aerial photography.  A breakdown of mapped wetland acreage within each of the 


five proposed development areas is shown in Table 1.   


 


It is clear from aerial photography and the terrain analysis using the DEM that all wetlands identified in 


this PJD are not connected to any other wetland or regulated water.  Moose Creek is the closest relatively 


permanent tributary to the Matanuska River, a navigable water subject to Section 10 jurisdiction (USACE 


1995).  The closest wetland to Moose Creek mapped in this PJD is nearly 2,000 feet away; none of the 


mapped wetlands appear to have a surface water connection to the stream.  However, due to the proximity 


to Moose Creek and Section 10 waters (Matanuska River), approximately 2 miles away from most mining 


features (Figure 1), the USACE would need to conduct a significant nexus test to determine if the 
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wetlands described in this report would be subject to jurisdiction under Section 404.  Based on 


information reviewed for this PJD, it is likely all mapped wetlands would be non-jurisdictional. 


 


The remainder of the mapped area, approximately 238 acres (98 percent of the mapped area) appears to 


lack characteristics to support classifying those areas as wetland.  These areas would not be subject to 


jurisdiction under Section 404, upon confirmation of the USACE. 


 
Table 1.  Mapping Summary 


Mapping 
Code Description 


Surface 
Facilities 


Area 


Topsoil 
Stockpile 


Area Mine Area 


Overburden 
Stockpile 


Area 


Access 
Road 


Corridors 


Total 
Mapped 


Acres 


PEM1C Seasonally flooded emergent wetland 1.5 0.7 0.2 0.3 0.1 2.8 


PFO4/EM1B Saturated needleleaved forest/emergent wetland 0.9 - - - - 0.9 


Total Wetlands and Other Waters of the U.S. 2.4 0.7 0.2 0.3 0.1 3.7 


U Upland (non-wetland) 78.5 28.7 63.8 31.5 35.5 238.0 


Total Mapped Area 80.9 29.4 64.0 31.8 35.6 241.7 
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1.0  INTRODUCTION 
 
In July 1988 personnel of the Northern Anthropology Consortium  conducted a cultural resource 
survey of a proposed surface coal mine in the vicinity of Wishbone Hill, approximately seven miles 
north-northeast of Palmer, Alaska (Figure 1).  Field work was preceded by a literature review and 
by consultations with cultural resource  specialists at the Matanuska-Susitna Borough office and the 
State of Alaska Office of History and Archeology.  The survey was conducted utilizing standard 
cultural resource site survey procedures.  The results of the survey proved negative, in that no 
previously unknown sites were discovered. 
  


The project area supports a mixed upland forest interspersed with previously disturbed lands.  Large 


2.0  AREA SURVEYED 
 
2.1  LOCATION AND GENERAL DESCRIPTION 
 
The area surveyed is located immediately southwest of Wishbone  Hill on the north side of the 
Matanuska River (USGS 1:25,000 C-6 NW and NE Quadrangles; see Figure 2).  The proposed coal 
mine will  affect, in one way or another, the surface of an area stretching from the old Premier Mine 
on the west to just beyond the old Buffalo Mine on the east, and bounded by Moose Creek on the 
north and the Glenn Highway on the south. 
  
2.2  TOPOGRAPHY 
 
Along its northern boundary, the project area drops off sharply from a maximum elevation of 1,050 
feet to the bed of Moose Creek at about 920 feet at the northeast edge of the property and 820 feet 
at the northwest corner.  For a mile or so south from the creek in the northeast section of the 
property, the ground surface is gently rolling and from the air resembles a parkland.  Farther south 
clear to the Glenn Highway, however, the topography is rendered exceedingly complex by a 
sinuous system of high eskers and dry basins or kettles.  The western portion of the project area lies 
within a sweeping curve of Moose Creek; the topography here is also dictated by glacial features 
such as eskers and kettle basins. 
  
2.3  FLORA AND FAUNA 
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trees include birches (Betula spp.), poplars, aspens, and cottonwoods (Populus spp.) mixed with 
conifers, mainly spruces (Picea spp.).  Paper birch (Betula papyrifera) and quaking aspen (Populus 
tremuloides) mark the dry eskers and kames, well-drained rises where concentrated archeological 
reconnaissance took place.  White spruce (Picea  glauca), often an indicator of permanent surface 
lake shorelines, served as a marker of intermediate archeological site potential.  Dwarfed examples 
of these tree species suggested poorly drained soils  with low cultural resource potential. 
 
Ground cover consists predominantly of fireweed (Epilobium  angustifolium), cow parsnip 
(Heracleum lanatum), rose (Rosa spp.) high bush cranberry (Viburnum edule), blueberry 
(Vaccinium spp.) and grasses in the parklands and mixed forest.  Well-drained hillocks and ridges 
often possess smaller berry-producing plants, such as low bush cranberry (Vaccinium vitis-idaea), 
bunchberry (Cornus canadensis), and crowberry (Empetrum nigrum).  Poorly drained zones include 
numerous sedges (Carex spp.), grasses (Poa spp.), and cotton grass (Eriophorum  spp.). 
 
Alder (Alnus spp.) is usually a marker of watercourses, but this species is also an excellent indicator 
of disturbed zones.  Much of the project area is covered with dense stands of alders, new growth 
following surface disturbance from earlier mining and exploration activities. 
 
At least 134 species of birds, fourteen species of fish and  twenty-eight species of mammals are 
presently known to inhabit the general vicinity (Alaska Department of Natural Resources 1986).  
The most important mammal species in the project area include moose, black bear, some fur 
bearers; fish known to be present in Moose Creek include Chinook salmon, Coho salmon, Dolly 
Varden and Rainbow trout; the bird species most commonly taken for food include the three 
species of ptarmigan and spruce grouse.  Presumably all of these species would have been available 
for exploitation by the more recent prehistoric inhabitants of the area, and earlier peoples probably 
had substantially the same array of subsistence sources.  Undoubtedly the most crucial resources 
over time have been moose and salmon. 
  


Archeological research in Upper Cook Inlet was pioneered in the early 1930's by Frederica de 
Laguna (1934, 1975).  This early survey and testing program encompassed the present study area 


3.0  THE CULTURAL HISTORY OF THE WISHBONE HILL REGION 
 
3.1  ARCHEOLOGICAL RESEARCH 
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and provided many of the basic data from which the accepted cultural chronology has been 
constructed.  In 1965 and 1966 Don Dumond and Robert Mace (1968) conducted a survey along 
Knik Arm, in part to study the question of when the Dena'ina (Tanaina) Athapaskans arrived in the 
region.  Additional sites of probable Dena'ina affiliation were located in a survey of the Willow and 
Wasilla districts by Douglas Reger (1980) in 1978.  Several sites marked by house and cache 
depressions were  located with the assistance of Native informants. 
 
Several other impact and project specific archeological  reconnaissances in the Cook Inlet region 
have been conducted in  recent years (cf. Bacon 1974; K. Workman 1978; Veltre 1978; Holmes 
1979, 1981; Yarborough 1979, 1980, 1981; Steele 1980; Gibson 1980; Lobdell 1981, 1983a, 
1983b, 1983c, 1984, 1986, 1987; Yarborough and Yarborough 1981).  None of these have 
disclosed any new evidence of historic or prehistoric sites in the lower Matanuska River drainage, 
although several recent discoveries of late prehistoric and historic period sites have been made to 
the west in the Susitna drainage.  A combined program of aerial reconnaissance and limited ground 
survey has been completed for the Susitna River Basin (J. Dixon et al.  1982; U.S. Department of 
Agriculture 1983).  Several sites of probable Dena'ina affiliation were located and historic non-
Native cabins and trails recorded. 
 
Finally, the various historic coal workings in the vicinity of Wishbone Hill have received the 
attention of historians and historic archeologists.  Investigations pertinent to the project area are 
referenced below. 
  
3.2  THE KNOWN PAST 
 
Before Russian and American colonization, the Cook Inlet region was populated by two distinct 
ethnic and racial groups, Eskimo and Athapaskan.  Archeological and historic accounts indicate that 
Eskimo peoples have long occupied lower Cook Inlet and, at various times in  the past, inhabited 
the middle and upper reaches as well (Birket-Smith 1953; Kent et al. 1964; Dumond and Mace 
1968; Reger 1973, 1974, 1977, 1981; G. Dixon and Johnson 1973; Boraas 1975, 1976; Reger and 
Antonson 1976).  During later historic times, all but the outer fringe of the lower Inlet became the 
territory of the Dena'ina Athapaskans.  For the earlier stages of prehistory, archeologists have 
encountered difficulty in distinguishing between the cultural debris left by the Eskimo and 
Athapaskans, and this has prevented a clear understanding of the diachronic development of these 
two distinct populations. 
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While it is possible to construct a speculative ethnic history, the prehistory of Cook Inlet may also 
be viewed from an environmental perspective.  Developments and changes in the lives of the 
prehistoric peoples of the area were made in response to a number of influential factors, including 
environmental ones.  On a regional scale such developments are reflected in the archeological 
record by changes in types, kinds, and frequencies of artifacts and features.  When correlated with 
suspected climatic fluctuations and changes in the ecological setting of the area, such data are a 
record of the changing subsistence strategies of the peoples who used them.  From this type of 
evidence archeologists have proposed a number of stages to identify past levels of technological 
development, adaptive subsistence strategy, and levels of sociocultural integration characteristic of 
prehistoric and historic populations in the Cook Inlet region. 
 
Establishing any cultural chronology for the area depends upon the comparison of archeological 
components through radiocarbon dating, by stratigraphic relationships, and by the typological 
comparison of artifacts from undated collections (Reger 1981).  This information may be used to 
group the cultures of the Cook Inlet region on the basis of broad artifactual and temporal 
similarities into a series of cultural stages through time.  The stages provide a framework in which 
to examine cultural and environmental relationships, given the limited data available for some time 
periods.  Undoubtedly, temporal spans of the archeological complexes, components and horizons 
vary within the region, and dates given here are estimates of probably cultural duration in the 
vicinity of the proposed mine complex.  A historic record is constructed through examination of 
explorer's maps, Dena'ina place names, primary and secondary historic accounts, and other 
pertinent land use information. 
  
3.2.1  Early Prehistory 
 
Because no prehistoric sites are known in the immediate project vicinity, it is necessary to expand 
the cultural setting to adjacent territory in order to understand potential cultural affiliations and 
prehistory of the general area.  The earliest human records in the Cook Inlet region are from the 
Beluga Point site situated on a rocky point overlooking the north shore of Turnagain Arm (Reger 
1977,  1981).  A complex of artifacts typified by a core and blade technology, with affinities to the 
American Paleoarctic tradition dating from 8,000-10,000 years ago, was recovered from the lowest 
levels of this site.  Technologically similar material has been recovered from the Long Lake 
Wayside site in the Matanuska River Canyon, and from several other nearby lakeside sites (G. 
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Dixon and Johnson 1973; Bacon 1978).  The  presumed comparative dating of cultural debris 
consisting of cores,  blades, and bifacial knives or projectile points also relates the  Long Lake 
Wayside complex of material to the early period of  prehistory (also see West 1975). 
 
The American Paleoarctic tradition cultures are those which  existed after the end of the last glacial 
epoch (Hopkins et al.  1982).  Although not extensively documented, research indicates that  
environmental conditions in early post-glacial times differed from those of today (Heusser 1960; 
Stanley 1980).  Much of southcentral Alaska appears to have been a tundra landscape during this 
period of  time.  The limited evidence available suggests that the peoples of the  American 
Paleoarctic tradition were well adapted, through the hunting of large land mammals and the use of a 
variety of secondary resources, to what must have been a challenging environment.  
 
A second component dating earlier than three thousand years BP is represented at Beluga Point.  A 
relatively substantial array of  material consisting of stemmed projectile points, lanceolate points or 
knives, chipped shouldered knives, stone blades, unifacial scrapers, and a burin form not formally 
described elsewhere in Alaska, was recovered from the level representing this time period (Reger 
1977, 1981).  Because of the unusual nature of this collection of artifacts, cross-cultural 
comparisons are difficult to make.  Stylistically similar types are known from the Alaska Peninsula, 
Kodiak Archipelago, and Lake Iliamna regions (Townsend 1970; Dumond 1971; G. Clark 1977).  
More attenuated relationships are suggested by comparisons to the interior of Alaska, specifically 
the Healy Lake site (Reger 1981). 
 
Climate and habitat states during this time period were probably similar to those present today, with 
white and Sitka spruce invading the region for the first time (Heusser 1960).  There is evidence that 
sites were located to take advantage of both marine and riverine resources (Dumond 1977).  
Caribou appear to have been hunted to a lesser extent than before, probably because of a decline in 
suitable game herd habitat (G. Clark 1977). Speculating on the ethnic identity of those responsible 
for the two early components from Beluga Point, Reger (1977) has suggested that the assemblages 
represent an early occupation of Cook Inlet by interior, possibly Athapaskan speaking, peoples. 
  
3.2.2  Middle Prehistory 
 
An intermediate period of prehistory is represented at Beluga Point by two components dating from 
1,500-3,000 years ago.  A Norton-related component is characterized by ground slate points,  small 
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bipointed end blades, polished facet burinlike groovers, and a  steeply retouched scraper on a blade-
like flake (Reger 1981).  Stylistic similarities to both Denbigh Flint Complex and Norton  cultural 
material suggest that this component represents an early intrusion into the Cook Inlet area, possibly 
by Eskimos from  elsewhere in Alaska (Giddings 1964; Reger 1981).  The development of this 
phase at Beluga Point appears to have been hampered by  influences from other North Pacific 
Eskimo groups.  In particular, the Kachemak tradition may have limited the diffusion of cultural 
traits from Norton sites in the Bristol Bay region (Dumond 1971; Reger 1977, 1981; W. Workman 
et al. 1980).  Some Kachemak cultural traits are recognized from localities on the west side of Knik 
Arm to the southwest of Palmer (Dumond and Mace 1968). 
 
Although less defined, a fifth component from Beluga Point,  consisting of a small series of 
projectile points and point  fragments, may also be assigned to the middle period of prehistory 
(Reger 1981).  The temporal assessment of this complex is based on stratigraphic considerations, 
the presence of slate artifacts--a chronological indicator for the area--and on stylistic comparisons to 
the 2,500 year old Chagvan Bluff site from the Bristol Bay region (Ross 1971). 
 
There is evidence that these peoples practiced an adaptive strategy oriented toward the seasonal use 
of both riverine and interior resources.  The coastal Beluga Point site may have been  strategically 
located for the exploitation of anadramous fish populations and estuarine resources as well.  
Because of the unsuitability of Upper Cook Inlet for an exclusively maritime cultural adaptation, 
the inhabitants appear instead to have taken advantage of the opportunities afforded by localized 
ecological situations and developed microenvironmentally specific subsistence patterns during this 
period of time. 
  
3.2.3  Late Prehistory 
 
The late prehistoric period began about one thousand years ago and ended in the latter half of the 
18th century.  While the most accepted scenario is still subject to interpretation, this period 
probably witnessed the arrival and growth of an Athapaskan tradition in Upper Cook Inlet.  
However, late prehistoric sites are not extensively documented in the region. 
 
The Beluga Point site possesses a final prehistoric component dating from 600-800 years BP, but it 
is difficult to establish close  relationships to other areal sites (Reger 1981).  Although stylistic 
similarities invite comparisons to late period sites from Kodiak Island (Heizer 1956; D. Clark 
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1968), the Alaska Peninsula (G. Clark  1977), and Prince William Sound (de Laguna 1956), the 
presence of native copper elements in the Beluga Point collection could indicate contact with 
interior Athapaskans (W. Workman 1977).  Several other localities throughout the Susitna Valley 
have presumed late prehistoric affiliations (Reger 1980; U.S. Department of Agriculture 1983), and 
the Fish Creek site on the west side of Knik Arm demonstrates a human occupation record 
beginning about 1,000 years ago and ending as recently as 300 years ago (Dumond and Mace 
1968). 
 
Climatic and ecological conditions during late prehistoric times approximated those of the present.  
Final establishment of modern forest vegetation, however, further reduced available caribou habitat, 
encouraging the development of subsistence patterns oriented toward seasonal use of riverine and 
marine resources (Reger 1981).  The Dena'ina pattern of land use observed in the recent past may 
reflect this same strategy. 
  
3.2.4  Early History 
 
At the time of initial European contact the Wishbone Hill territory was controlled by the Dena'ina, 
an Athapaskan Indian  people.  The Dena'ina hegemony over Upper Cook Inlet may have been 
established as little as a century earlier, following a displacement of the Eskimo cultures who had 
forayed into the region from more distant population centers (Dumond and Mace 1968).  The first 
European record of contact with the Dena'ina was that of Captain James Cook who traveled into the 
Upper Inlet in 1778 in search of the Northwest Passage (Cook and King 1785).  In 1794 when 
Captain George Vancouver journeyed to Upper Cook Inlet, the Dena'ina were centered in at least 
five major villages.  Previous, but undocumented, contact between the Dena'ina and the Russians 
had already occurred: 
 
 "Here we were visited by two natives in a small skin canoe ....  These people 


appeared to be acquainted with the Russians of whose language they seem to speak 
several words ..." (Vancouver 1798). 


 
The Russians referred to by Vancouver were probably traders who had ventured north from a 
settlement at the mouth of the Kasilof River that had been established in either 1786 or 1787 
(Bancroft 1886; Federova 1973).  Dena'ina population numbers during the early historic period can 
only be estimated, especially since the early writers failed to include a number of peripheral 
villages, but Lisansky's figure of 3,000 in 1805 and Kostlivtzof's figure of 1,471 in 1818 provided a 
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reasonable estimation (Osgood 1966). 
 
Unlike other Athapaskan groups occupying the interior during this period, the Dena'ina were 
adapted to a maritime lifeway that included an emphasis on sea mammal hunting (Osgood 1966; 
VanStone 1974).  The use of rivers and small streams with predictable runs of anadramous fish, 
coupled with sea and land mammal hunting, fostered the economic stability necessary for semi-
permanent coastal villages.  Fishing was a primary subsistence pursuit among all of the Dena'ina 
groups with salmon being the prime resource exploited (Reger 1981).  Using a variety of rather 
sophisticated methods and techniques, the Dena'ina also congregated seasonally along the coast for 
the hunting of seals, beluga whales, sea lion and sea otters.  Some of the equipment used in these 
maritime subsistence activities appears to have been copied from the southern Eskimo cultures, 
continuing the tradition of contact between the two groups in the Cook Inlet region (D. Clark 1971). 
 Resources of the interior, including moose, caribou, mountain sheep, bear, and several small fur 
bearers, were hunted extensively and comprised an important component of the early historic 
Dena'ina economy.  Both Osgood (1966) and Kari and Kari (1982) have documented the extent to 
which the use of coastal and interior habitats were integrated into the Dena'ina pattern of land use. 
 
Although the locales of several protohistoric, contact period, or historic Dena'ina sites are well 
known, they have not been scrutinized in Upper Cook Inlet.  Point Woronzoff, a possible 
protohistoric site consisting of house and cache depressions, is apparently of Dena'ina affiliation 
and may have been unoccupied for as much as two hundred years (Cook Inlet Native Association 
1975).  Limited testing has produced much recent historic material of little cultural resource value 
(K. Workman, personal communication).  However, this locality remains to be extensively tested 
(Reger and Hannibal 1975; Rabich 1976; Lobdell in U.S. Environmental Protection Agency 1982). 
 Other sites, such as Cottonwood Creek and Fischer-Hong, located on Knik Arm have produced 
traditional artifacts with items of European manufacture (Dumond and Mace 1968).  Most of the 
recorded contact period sites in Upper Cook Inlet are represented by large house and cache pits, but 
a paucity of artifacts (Reger 1981).  These sites are important for the information they can provide 
on settlement patterns and site location, even if material culture remains are not extensive. 
 
It is apparent from the ethnographic data and from the limited evidence of historic period site 
locations that the Dena'ina preferred localities of coastal or riverine environments.  Inland lakes, 
especially those situated at the confluences of clear water tributaries, were also favored locations for 
settlement and may have been preferred for winter quarters.  Although the Dena'ina subsistence 
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pattern required the utilization of interior areas as well, upland sites (place names excepted) are not 
widely known. 
 
In the late nineteenth and early twentieth centuries, the upper Cook Inlet region of Alaska was 
occupied by several regional bands of Dena'ina Athapaskans.  The territory around Knik Arm and 
the Matanuska River drainage was home to the K'enaht'ana regional band. However, many of the 
places in this area have both a Dena'ina and an Ahtna name (Kari and Fall 1987: 255), reflecting 
close association between the Upper Inlet Dena'ina and the Ahtna. Apparently, the Ahtna have 
moved the territory that they exploit west and northwest during the past 150 years, so that the 
Chickaloon and Oshetna areas, formerly Dena'ina, have been used mainly by the Ahtnas since the 
mid-nineteenth century (see Kari 1977).  According to Fall (1987: 21-25): 
 
 "With each regional band were several villages, each containing multi-family 


dwellings called nichil.  The houses contained groups of kin - usually men of the 
same clan, their wives, and children.  Leading each nichil or group of nichil was a 
qeshqa 'rich man'.  The qeshqa organized his ukilaqa 'clan helpers' into cooperative 
hunting and fishing groups.  In addition to this economic role, qeshqa instructed the 
young, settled disputes, and organized warriors for battles with the Ulchena (Alutiiq, 
or Chugach Eskimo).  The village served as a base for the Dena'ina's resource 
harvesting activities. It was occupied for much of the year and contained many 
caches of preserved food. 


 
 The annual cycle of the K'enaht'ana of Knik Arm and the Matanuska and Knik River 


drainages was generally like that of the Susitna River Dena'ina.  Some Knik Arm 
people traveled to the mouth of the Susitna River in spring to harvest hooligan, seal, 
and waterfowl.  Others traded with the Susitnuht'ana [lower Susitna River people] 
for hooligan at Dilhi Tunch'del'usht Beydegh 'Point Where Hooligan Are 
Transported' (Point MacKenzie).  Many K'enaht'ana moved from their winter 
villages to lower Knik Arm, including the present-day Anchorage area, in April and 
May to harvest king salmon with dip nets ...  Later in the spring and summer, 
sockeye and silver salmon were available in many Knik Arm tributaries.  The Knik 
Arm Dena'ina caught these fish in basket traps and with weirs and dip nets.  They 
stored dried salmon in caches near the winter villages. 


 
 Like the other regional bands, the K'enaht'ana hunted primarily in late August and 


September.  Some Knik River and Eklutna people journeyed into the Chugach 
Mountains for sheep, bear, ground squirrels, and probably caribou.  Other Knik Arm 
Dena'ina hunted caribou in the Talkeetna Mountains.  They traded caribou meat and 
hides with the Tubughna [from the Tyonek area], receiving dried fish and marine 
mammal products in return ...  Early winter, from November to January, was usually 
a period of rest in the winter villages ...  People visited other communities, traded, 
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told stories, and held potlatches.  Hunting partners made short trips of one to several 
days for moose, bear, ptarmigan, hare, and porcupine to supplement the diet of dried 
fish, meat and oil.  Fresh fish, mostly trout, were harvested through the ice of local 
lakes.  Furbearers, such as marten, were harvested for raw materials, potlatching and 
trade.  If food supplies ran low in January, February, or March, village groups 
sometimes dispersed to lakes in new hunting and fishing areas.  Specially trained 
dogs were used to seek out brown and black bear dens.  In April, with the 
anticipated return of waterfowl, hooligan, marine mammals, and salmon, the sparse 
season ended and the seasonal cycle began again.” 


 
While both the K'enaht'ana and Ahtna utilized the project area and immediate surroundings, little 
information is available on specific use localities.  Kari and Fall (1987:259-60) list only a few place 
names for the area: 
 
 Chidaq'atnu (K'enaht'ana); Tsidek'entna' (Ahtna) 
 'Grandmother's Place Creek' 
 Moose Creek, formerly called Tsadaka Creek 
 
 Glenn and Abercrombie (1899:199):  "Above Moose Creek on our [north] side of 


the Matanuska was an old camping place of the Matanuskas used in their journeys 
up and down the river." 


 
 According to Johnny Shaginoff and Katie Wade, there are burials on both sides of 


the mouth of Moose Creek.  Some graves have washed out.  Several people died 
here during the 1918 flu epidemic. 


 
 Johnny Shaginoff says a trail led up Moose Creek and over the mountains to the 


upper Kashwitna River.  The Larsons from Talkeetna used to travel this trail. 
 
  
 Chidaq'ashla Bena 
 'Lake of Grandmother's Little Place' 
 Wishbone Lake 
  
 
 Chidaq'ashla 
 'Grandmother's Little Place' 
 Wishbone Hill 
 
 Katie Wade says this is thought of as a dangerous area. Many hunters have gotten 


lost here.  A giant with feet that are turned backwards is said to have lived in the 
area. 
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 Ts'es Tuk'ilaght (K'enaht'ana); Ts'es Tac'ilaexde (Ahtna) 
 'Where Fish Run Among Rocks' 
 Eska Creek, Sutton 
 
 The Chickaloon Ahtnas did not spend much time salmon fishing.  Some salmon 


were harvested here and at a small stream now called Mile Seventeen Creek.  
Johnny Shaginoff says that the salmon are good only the first two or three days of 
the run.  In the past, people used salmon from the Eska area mainly as dog feed.  
The people in this area obtained dried salmon through trade with the people 
downstream .... 


  
The only additional information that we obtained on usage of the area's resources was the report 
that Katie Wade once had a seasonal camp at the mouth of Moose Creek (P. Willingham, personal 
communication). 
 
No known late prehistoric, early historic or modern cultural resource sites attributable to the 
activities of K'enaht'ana or Ahtna peoples are known to exist in the immediate project area, though 
there seems little doubt that the general area and its resources were important to these groups.  
Evidence of past usage may still be present outside the project area, at the mouth of Moose Creek, 
for example, but such potential sites along the Matanuska River are beyond the scope of this study. 
  
3.2.5  Recent History 
 
By the closing decades of the 18th century, the first significant Russian colonies had been 
established in the Cook Inlet region.  The northward expansion of the Russian frontier from the 
Aleutian Islands was initially stimulated by an interest in the furs of Cook Inlet and coal and 
minerals of the Kenai Peninsula. However, because the climate was more temperate around Cook 
Inlet than in other parts of Russian America, the agricultural potential was also recognized and the 
first Alaskan farms were established here by the Russians (Tikhmenev 1978).  By 1844 agricultural 
colonies had been founded near the modern towns of Knik, Kenai, Kasilof and Seldovia (Federova  
1973). 
 
The Russian colonial period was also marked by the activities of the Russian Orthodox Church in 
southcentral Alaska.  In 1841 the Russian American Company built a chapel and dispatched a priest 
to Kenai.  The Kenai Parish priest was responsible for the entire coast of southcentral Alaska 
(Porter 1893). 
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The extension of American influence into Upper Cook Inlet began with the advent of trading and 
mining activities in the late 1800's.  Trading Bay, located at the mouth of Nikolai Creek, was so 
named in 1786 because of the considerable success enjoyed by Captain Portlock in trading with the 
Natives here (Bancroft 1886). Besides engaging in direct trade, the local Dena'ina were also 
employed to transport goods and provide meat, fish and furs.  Native women produced fur garments 
and gathered large quantities of berries for sale (Potter 1967).  Early fur trade on Cook Inlet 
centered on the major river systems that served as natural transportation corridors and provided 
accessible locations for the construction of trading stations. 
 
The first permanent American trading posts were established in the Upper Cook Inlet region in the 
1870's.  Although several firms were involved in the trading business in the early years, the Alaska 
Commercial Company (ACC) became the most important after 1875.  Western goods were 
exchanged for a wide variety of furs including land otter, beaver, black fox, marten, mink, black 
bear, brown bear, wolverine, wolf and muskrat (Bacon et al. 1982). 
 
The major gold rush in southcentral Alaska was to the Turnagain Arm region on the northern end of 
the Kenai Peninsula in 1895-1896.  During this period traffic through the Upper Inlet was heavy 
and the Turnagain Arm stampede may have brought as many as 3,000 would-be gold seekers to 
Upper Cook Inlet (Moffit 1906). 
 
Gold precipitated the initial stampede, but coal was the most important local resource and held the 
greatest potential for the mining industry of the future around Upper Cook Inlet.  Coal seams were 
widespread on the western coast and each year 400-500 tons of low grade lignite were taken for 
domestic purposes and to fuel steamboats traveling through Upper Cook Inlet (Atwood 1909).  It 
has been suggested that the Dena'ina originally learned to burn coal from the Russians (Kari and 
Kari 1982).  Although large scale development of the region's coal resources was not planned until 
recently, several small coal mines were reported to be working in the Yentna district in the early 
1900's. 
 
The history of the Moose Creek coal deposits begins near the turn of the century with reports by 
prospectors and Indians of coal resources.  Lieutenant Castner's exploration into the interior from 
Upper Cook Inlet, which traversed Moose Creek on July 19, 1898, included a party geologist 
(Woodman 1984).  Concentrated exploration efforts in search of coal by geologists began about 
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1904 and continued for about a decade, resulting in numerous survey reports and early maps of 
reserves (Bauer and Cole 1985). 
 
The history of coal mining throughout Alaska is rife with ventures and failures.  Coal lands in the 
Matanuska area were finally opened by the Federal government for lease in 1916.  Access into the 
Matanuska Coal Fields was completed in 1917, but the route ascending Moose Creek was not 
finished for another six years.  The Wishbone Hill area was the focus of intensive coal mining 
activity in the years following 1917 (see Bauer and Cole 1985 and sources quoted therein).  The 
legacy of this activity was apparent as late as 1981 in the form of structures and heavy equipment 
associated with the various coal mines in the project area.  Three mines operated there:  Premier 
(Alaska Heritage Resource Survey site number ANC-475), Buffalo (ANC-439) and Baxter (ANC-
476).  The Baxter Mine was one of the earliest in the area, with the commencement of coal 
shipments in 1917.  Coal was worked predominantly in the winter months so that it could be 
sledded to the main Matanuska Branch of the Alaska Railroad.  A narrow-gauge spur ascending 
Moose Creek reached this operation in October of 1923 (Bauer and Cole 1985).  The first mining 
operation at the Premier Mine began in 1922. 
 
At present, the three early mines constitute the recognized archeological and historical sites in the 
project area.  Craig Mishler, of the State of Alaska Division of Geological and Geophysical 
Services, reviewed the Premier and Buffalo Mines to determine the possible significance of the 
cultural materials remaining on-site (Mishler, site inspection forms).  He did not assess the Baxter 
Mine site and it may be that evidence of the activities that once occurred there had been destroyed 
by 1981 as a result of expanding the Premier Mine pit.  Mishler's descriptions of the Premier and 
Buffalo Mine areas are as follows: 
 Date:    14 August 1981 
 
 Name of Site:   Premier Mine 
 
 Geographic Location:  3.9 miles on Buffalo Mine Road after turning off at Mile 53 


Glenn Highway north of Palmer.  No sign at entrance to 
mine. (NW1/4 SE1/4, Sect.28, R2E, T19N, Seward 
Meridian). 


 
 Vegetation/Topography: Little vegetation.  Flat gravel and crushed coal over site.  


Mining is by stripping method on opposite side of Moose 
Creek [from buildings]. Elevation of several hundred feet 
below Buffalo Mine Road. 
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 Condition:   Largely rebuilt since 1971. 
 
 Description and 
 Significant Features:  Seven buildings (workshop, toolshed, etc.), large number of 


heavy equipment vehicles, old machinery (hopper, steam 
hoist, spare bridge, etc.), tools, etc.  Very complex site. 


 
 Person Interviewed 
 about Site:   Paul Omlin (owner since 1960). 
 
 ******************** 
 
 Date:    27 August 1981 
 
 Name of Site:   Buffalo Mine 
 
 Geographic Location:  East bank of Moose Creek. Approximately 1 3/4 miles 


upriver from Premier Mine.  No longer accessible from 
Buffalo Mine Road due to bridge washout.  (NW1/4 SW1/4, 
Sect. 23, R2E, T19N Seward Meridian). 


 
 Vegetation/Topography: Young cottonwood trees growing around buildings.  


Structures also on creek flood plain. 
 
 Condition:   All structures in partial or full collapse except high-gabled 


log house and frame building next to winch platform. 
 
 Description and 
 Significant Features:  Five buildings, winch platform (apparently once housed 


under a roof), pile of collapsed saw timbers, collapsed drift 
portal, numerous steel rails strewn along dry creek bed.  All 
buildings frame except log house.  


 
 Persons Interviewed 
 about Site:   Katherine Wade and David Kepler. 
 


 Field work for the Wishbone Hill cultural resources site survey commenced on 8 July 1988 
and extended through 12 July. Additionally, archival research was conducted in Placitas, NM, 


4.0  THE FIELD SURVEY 
 
4.1   DATES AND PERSONNEL 
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Brockport, NY, and Anchorage, AK, prior to and after the field work.  Field personnel included 
John E. Lobdell (Co-director), Edwin S. Hall, Jr. (Co-director), Pete Zollers, and Cruse Lopez.  
Lobdell and Hall were responsible for the archival research. 
 
4.2   FIELD ACTIVITIES 
 
Field activities are summarized below: 
 
 Date  Personnel  Activity 
 7/7/88 JL, EH  Arrive in Palmer. 
  
 7/8/88 PZ, CL  Arrive in Palmer. 
 
  All  Visit project office and discuss proposed activities with 


project management personnel. 
 
  All  Visit Matanuska-Susitna Borough to discuss cultural 


resources in the Wishbone Hill area with Pandora 
Willingham.  Visit project area to make preliminary 
assessment of Premier Mine, Omlin Strip Mine and Baxter 
Mine locales in terms of remaining cultural debris and extent 
of alterations to original land surface. 


 
  All  Return to project office for further discussions and 


acquisition of maps and other data. 
 
 
 7/9/88 JL, EH, CL  Helicopter survey of project area.  Aerial photographs. 
 
  All  Preliminary survey of ridge edge along the south side of 


Moose Creek in an attempt to isolate areas retaining 
undisturbed original ground surface. 


 
  All  Visit Buffalo Mine to make preliminary assessment of locale 


in terms of remaining cultural debris and extent of alterations 
to original land surface. 


 
  All  Preliminary survey of broad ridge extending down toward 


Moose Creek from Wishbone Hill on east side of Buffalo 
Creek in an attempt to isolate areas retaining undisturbed 
original ground surface. 
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  All  Visit east portion of project area to make preliminary 
assessment of Eska locale in terms of remaining cultural 
debris and  extent of alterations to original land surface. 


 
 
7/10/88 All  Visit Buffalo Mine area to document cultural debris 


remaining on-site. 
 
  All  Excavate several test pits and examine road cuts along face 


of Wishbone Hill to east of Buffalo Mine. 
 
  All  Excavate several test pits and examine road cuts along  crest 


of broad ridge extending down toward Moose Creek from 
Wishbone Hill on east side of Buffalo Creek. 


 
    All  Excavated two test pits in possibly undisturbed area on crest 


of ridge overlooking bend of creek where Moose Creek turns 
(from easterly course) to flow south. 


 
  All  Examine road cuts in two locales where road running south 


through project area cuts across eskers. 
 
   All  Examine road cuts/road bed and excavate two test pits along 


1.5 miles of road running down crest of esker extending 
northwest-southeast across southern portion of project area. 


 
  All  Excavate test pit in area of possibly undisturbed ground at 


west end of Omlin Strip Mine. 
 
  PZ, CL  Return to Anchorage. 
 
 
7/11/88 JL, EH  Visit project office to acquire data on vegetation and 


geology. 
 
  JL, EH  Visit Eska Mine area to further assess locale in terms of 


remaining cultural debris and extent of alterations to original 
land surface. 


 
  JL, EH  Visit The Alpine Historical Society in Sutton to ascertain 


what mining equipment the Society has from mines in 
project area. 


 
  JL, EH  Visit Matanuska-Susitna Borough to discuss results of 
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cultural resource site survey in the Wishbone Hill area with 
Susan Lee and secure additional pertinent documents. 


 
 
7/12/88 JL, EH  Return to Anchorage. 
 
 
4.3  FIELD METHODS 
 
4.3.1  Archival Research 
 
Prior to initiation of field work, both Hall and Lobdell consulted their extensive libraries of 
published and unpublished information on cultural resource sites in the general vicinity of the 
project area.  Lobdell also called upon the expertise gained during several other cultural resource 
surveys in the Cook Inlet area in order to formulate a preliminary assessment of the types of sites 
that might be found in the project area, the environmental conditions under which such sites might 
occur, and the best methods to locate and identify them. 
 
Once in Anchorage, Lobdell visited the State of Alaska Office of History and Archeology and 
consulted with archeologists there who have worked in southcentral Alaska and are familiar with 
cultural resource sites in the general project area. He also reviewed the Alaska Heritage Resource 
Survey site files to determine if any prehistoric or historic sites had been reported in the project 
area.  The only cultural resource sites noted in the project area were the three historic coal mines 
mentioned above. 
 
Additional information on the cultural resources of the Wishbone Hill area were secured through 
discussions with cultural resource specialists at the Matanuska-Susitna Borough.  While no further 
sites were added to the list of those known for the project area, additional sources documenting the 
history of the local coal mines were made available as were the names of several individuals 
knowledgeable about human utilization of the area's resources. 
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4.3.2  Determination of Project Scope 
 
Several times during the course of the field survey, discussions were held with Jim Helling 
(Manager, Environmental/Permitting) and David Germer (Project Geologist) for Idemitsu Alaska, 
Inc.  The purpose of these conferences was to delimit as accurately as possible the portion of the 
project area where the ground surface would be affected by the construction of the mine and 
attendant facilities and by subsequent operation of the mine.  Germer also was able to provide some 
additional data on the historic mines in the project area. 
 
4.3.3  Aerial Reconnaissance 
 
Early in the field session, Lobdell and Hall reviewed the entire project area from the air in a 
helicopter that, under their direction, made numerous passes over the proposed coal mine.  In 
addition to photographing the project area using both color and black-and-white film, they reached 
several conclusions based on the aerial observations: 
 


1. Given an analysis of cultural resource site locations elsewhere in southcentral Alaska, coupled 
with the apparent height and configuration of the bluffs overlooking Moose Creek to the 
north, as revealed by USGS contour maps, we had assumed that the bluff edge possessed the 
highest cultural resource site potential in the project area.  The aerial survey quickly revealed 
that both the present height and the present configuration of the bluffs is a function of strip 
mining activities that occurred prior to production of the USGS map. 


 
2. The extent of profound ground surface disturbance was considerably greater than we had 


anticipated.  Agents effecting major ground surface disturbance appeared to have been coal 
strip mining and creation of unimproved and secondary roads. 


 
3. The most extensive and most severe ground surface damage was at locations that we 


identified as having the highest cultural resource site potential:  the bluff edge, the banks of 
Moose Creek in the area of the Premier Mine, and the tops of the highest prominences in the 
esker system. 


 
4. There were very few, if any, locations that might be considered to have even moderate cultural 


resource site potential which did not appear to have suffered moderate to severe disturbance.  
It was apparent that we would have to search at length for locations possessing moderate site 
potential which had not been impacted by historic or recent human activity. 


 
5. We had expected to see old buildings and equipment at the  three historic coal mines listed in 


the Alaska Heritage Resource Survey sites files.  However, very little evidence of the major 
coal mining operations that occurred at these locations was visible from the air. 
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Analysis of the observations made during the aerial survey suggested that the portions of the project 
area which might once have possessed high potential for cultural resource sites were now severely 
disturbed and that even undisturbed areas of moderate potential would be difficult to locate. 
 
4.3.4  Vehicle Reconnaissance 
 
Numerous secondary and unimproved roads cross the project area.  Some of these roads 
presumably were created during the early coal mining days while others were being forged by test 
drill rigs even as the archeologists worked in the area.  Today the roads provide access to the project 
area and the flanks of Wishbone Hill to the west for hunters, wood cutters, and campers with 
recreational vehicles.  During the course of the archeological survey, each of these roads was 
traveled by car at least twice. The initial pass down each road was for the purposes of gaining 
general familiarity with the area, identifying locations with medium to high archeological potential 
for later testing, and isolating road cuts that could be examined for cultural material. Subsequent 
trip(s) down each road were dedicated to scrutinizing road cuts, testing where appropriate, and 
confirming our original impressions of local archeological potential. 
  
4.3.5  Ground Survey 
 
Where practical, those locations within the project area believed to have the highest archeological 
potential, based on the factors discussed above, were examined on foot.  In particular, we walked 
along the bluff edge at the northern edge of the project area, searching for undisturbed ground, and 
along the 1.5 mile length of the road that traverses the top of the longest and highest esker in the 
project area.  More limited reconnaissances on foot were made elsewhere when circumstances 
suggested the (remote) possibility of encountering cultural remains. Additionally, the Buffalo Mine 
area was briefly examined to determine if significant historic materials were still present. 
 
4.3.6  Testing 
 
Testing activities were confined to localities possessing moderate to high archeological potential 
and where the ground surface was believed to be undisturbed.  The localities tested included the 
following: 
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1. several small flat benches along the face of Wishbone Hill to east of and above the 
Buffalo Mine. 


 2. the crest of a broad ridge extending down toward Moose Creek from Wishbone Hill 
on east side of Buffalo Creek. 


 3. the crest of the ridge overlooking the bend where Moose Creek turns (from easterly 
course) to flow south. 


 4. the crest of the esker (towards its southern end) extending northwest-southeast 
across the southern portion of project area. 


 5. area of possibly undisturbed ground on bluff edge at west end of Omlin Strip Mine. 
 
Additionally, the presence of road cuts throughout the project area permitted inspection of 
subsurface deposits in numerous places without the excavation of a test pit.  Most of these road cuts 
were located where roads crossed or ran along the esker systems. 
 
Test pits were excavated with shovel and trowel down to bedrock, till or mineral soil.  The profiles 
exposed in the pits were very similar, differing only in the thickness of individual layers; a typical 
profile exhibited 4 inches of organic material with roots, a thin (less than 1/2 inch) layer of volcanic 
ash, and 20 inches of orangish loess overlying till. 
 


To a certain extent, the failure to find prehistoric sites was not unexpected.  Available evidence 
indicates that the resource potential of the immediate project area has been relatively limited in the 
recent past, a situation that may well have some antiquity. The three major subsistence resources 
available in the general Wishbone Hill area over time would have been caribou, moose and salmon. 
 Caribou do not utilize the project area today, though they may have been available in limited 
numbers at certain periods in the past.  Moose have probably always been relatively common, but 
no more so than in areas closer to major drainages supporting a wide variety of other resources.  
Both escapement data (Alaska Department of Natural Resources 1986) and ethnographic testimony 


5.0  RESULTS 
 
No previously unknown cultural resource sites, either prehistoric or historic, were located as a result 
of the archeological survey.  All of the cultural material discovered during the field survey was 
either associated with historic mining activities in the area (large boilers, railroad rail, cables, etc.), 
or with recreational use (shotgun shells, plastic button, pocket knife, etc.). 
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(Kari and Fall 1987) indicate that salmon were neither particularly common in the streams 
immediately adjacent to Wishbone Hill nor particularly desirable as human food when available. 
 
Nor does the topography of the area lend itself to resource procurement.  A waterfall prevents most 
salmon from ascending Moose Creek as far as the project area.  Only the bluff edge and the long 
esker extending northwest-southeast across the southern portion of project area provide reasonable 
lookouts, and even in these cases the view is relatively restricted.  Elsewhere in the project area, 
rolling hills or low eskers would have hindered hunting activities. 
 
The apparent general undesirability of the eastern Wishbone Hill area from the viewpoint of 
prehistoric hunting peoples, and the historic/recent destruction of the original ground surface in the 
precise locations where evidence of past human activities might be expected if such exist in the 
study area, lead to the conclusion that the proposed strip coal mining operation will not adversely 
affect known or unknown prehistoric cultural resource  sites. 
 
The situation with historic cultural resources is slightly different in that significant historic cultural 
resource sites may have existed in the project area but all available evidence suggests that cultural 
values inherent in these sites have been destroyed.  The Baxter Mine apparently was destroyed by 
expansion of the Premier Mine pit.  The Premier Mine was operated by Paul Omlin from 1960 until 
the 1970's; by the time the mine facilities were reviewed by State of Alaska Division of Geological 
and Geophysical Services personnel in 1981 for the presence of significant cultural materials (see 
above), Omlin had rebuilt many of the buildings, though old machinery was still present. 
Subsequently the mine facilities were razed and the machinery removed, apparently by Omlin. 
 
Work at the Buffalo Mine site began in 1939, with exploration of the deposit extending through 
1942.  During the succeeding three years an active mining community developed at the site.  
Operations were discontinued around 1945 and resumed in 1952 under new management with the 
aid of the Reconstruction Finance Corp. However, all operations ceased in 1953 (Warfield 1962).  
When Craig Mishler, of the State of Alaska Division of Geological and Geophysical Services, 
reviewed the site in 1981, most of the buildings and associated machinery were still present, though 
the structures had collapsed and the machinery was in disrepair.  A more detailed review of the site 
conducted in 1984 by Woodward-Clyde Consultants/Goodson & Associates (1984:5-14) described 
even more features and resulted in the conclusion that: 
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 "At present a number of historic structures and features have been identified at the 
Buffalo Mine site (e.g., collapsed log cabin, engineers office, collapsed loadout 
chute, hopper, screening house, hoist house, power house, mess hall, quonset huts), 
and other historic archeological features may occur at the site.  Based on a 
preliminary reconnaissance of the site by cultural resource specialists, and in 
consideration of Section 110(a) (2) of the National Historic Preservation Act, these 
structures and features are evaluated as being likely to be of significance and eligible 
for the National Register of Historic Places.  Several of the structural elements 
and/or pieces of equipment may have enough structural integrity to be conserved in 
place or at a separate location for public historical interpretation; all of them 
together appear likely to yield information important to the interpretation and 
analysis of Alaska's  World War II-era private coal mining activities". 


 
This assessment was made in a reclamation plan and environmental assessment prepared for the 
State of Alaska Department of Natural Resources, Division of Mining, as part of the Abandoned 
Mine Lands (AML) Reclamation Program.  Despite the characterization of the Buffalo Mine site as 
likely eligible for the National Register of Historic Places, the mine area was cleaned up sometime 
after 1984.  The standing and collapsed structures were destroyed, a few pieces of machinery were 
hauled to the Alpine Historical Society in Sutton, the mine portals were sealed, the remaining debris 
was removed, and some revegetation work begun. Only the large boilers, which have been stripped 
of their hazardous asbestos coverings and had their openings welded closed for reasons of public 
safety, and the gear from the steam lift, are still in place.  And in a flood channel of Moose Creek 
are scattered another upturned boiler, timbers, and scrap metal from  deteriorated structures. 
 
Although the Buffalo Mine was cleaned up as part of AML, the site was deemed eligible for the 
National Register of Historic Places in 1986 (Alaska Department of Natural Resources 1986), 
apparently based on the report of Mishler.  However, little of historic value remains at the site today 
and the loss of culture values as a result of the clean-up seemingly would render the issue of 
eligibility moot. 
 
Still, further effort has been expended by the National Park Service under the Historic American 
Engineering Record (HAER) for the Buffalo Mine, supposedly during conveyance of Federal land 
from the Alaska Railroad to the State of Alaska.  This study noted the work of the AML program.  
Photos of the removed equipment, now on display in Sutton, were made.  Plan drawings of the 
mine facilities were made after AML clean-up (Houston n.d.).  While the AML and HAER 
activities seem a process that might have benefited from a reordering of tasks, suffice it to say that 
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considerable effort and expenditure has been directed toward assessing a completely altered historic 
site. 
 


6.0  CONCLUSION 
 
A cultural resource survey of the proposed Wishbone Hill coal project area conducted by personnel 
of the Northern Anthropology Consortium did not identify any previously unknown prehistoric or 
historic cultural resource sites despite examination of areas deemed to possess moderate and high 
archeological potential.  The three known historic sites within or adjacent to the project area no 
longer appear to possess data significant to our understanding of the past.  Therefore, it is the 
opinion of the principal investigators that coal mining can proceed in the project area without 
adverse impact to cultural resource sites.  Those known sites that exist immediately adjacent to the 
project area have been altered to a condition that does not warrant significance consideration.  No 
previously unknown cultural resource sites were discovered. 
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1.0 INTRODUCTION 
 
The Wishbone Hill Coal District is 1 of the 4 coal districts of the Matanuska Coal Field.  It is 
approximately 2 miles wide and 8 miles long and takes its name from the prominent conglomerate-
capped hill that occupies its central part.  Figure II-1 displays the regional location of the Wishbone 
Hill Coal District and the Matanuska Coal Field.  This district has the greatest coal development 
potential of the 4 districts because of its relatively simple structure, good coal quality, close location 
to existing infrastructure, and surface mineable reserves.  As a result of these favorable attributes, 
the Wishbone Hill District has produced more coal than the other districts combined. 
 
The location of the Wishbone Hill District is determined by the known extent of the coal-bearing 
Chickaloon Formation which extends eastward from Moose Creek to the head of Knob Creek.  Its 
northern extent is defined by the Castle Mountain Fault which separates the lower Matanuska 
Valley from the Talkeetna Mountains.  The southern boundary of the district is generally masked by 
glacial gravel, but lies a few miles north of the Glenn Highway. 
 
Coal was first discovered in the Wishbone Hill District in the late 1800's, and by the early 1900's all 
major geologic features had been described by federal government geologists.  The first mining 
began in the southwestern portion of the district in 1916 at the Doherty Mine, which supplied coal 
to the newly formed Alaska Railroad.  As coal demand for the railroad grew, emphasis shifted to the 
better quality reserves in the east-central part of the field. 
 
To secure a constant supply of coal, the federally directed Railroad Commission opened the Eska 
Mine and operated it until a major private mine, the Evan Jones, could meet railroad demand.  There 
were a number of small, underground prospects during this time along Moose Creek, within close 
proximity to the proposed mine permit boundary.  However, only the Premier and Buffalo Mines 
within the proposed permit boundary produced any notable quantities of coal.  For 40 years the coal 
produced was used by the Alaska Railroad, but with conversion of locomotives to diesel fuel in the 
mid-1950's, coal use shifted temporarily to military bases near Anchorage.  After the bases 
converted to natural gas in 1963, the domestic market was insufficient for the large Evan Jones 
Mine, and that mine closed in 1968.  The entire district's production is uncertain, but probably totals 
about 7 million tons, of which 6 million came from the Evan Jones Mine. 
 







 II-2 WBH 2009 Update     
 


The involvement of the federal government in developing this district was extensive.  The 
dedication and ability of government geologists and engineers, as well as private industry, is highly 
evident in the development and history of the Wishbone Hill District.  The geologic section of this 
chapter builds on the early government investigations. 
 
2.0 REGIONAL OVERVIEW OF GEOLOGY 
 
2.1 


The dominant structural feature of the Wishbone Hill area has been described in the geologic 
literature as a northeastward-trending canoe-shaped structure (Wishbone Hill syncline).  
Simplistically, the skin of the canoe contains the coal bearing upper Chickaloon strata, and the 
interior of the canoe is filled with non-coal-bearing conglomeratic formations.  Several major 


General Geology 
 
The present day Matanuska Valley is a narrow structural trough 5 to 10 miles wide and 50 miles 
long where upper Mesozoic and Tertiary sedimentary rocks have been down dropped along faults 
and sharp flexures.  Older, more resistant rocks of the Talkeetna and Chugach Mountains flank the 
valley on the north and south respectively.  The sedimentary rocks in the valley generally have been 
complexly faulted, tilted and folded.  The Wishbone Hill project lies in the western or lower portion 
of the Matanuska Valley structural trough and typifies the valley's structurally complex geology. 
 
Many sedimentary formations have been identified within the Matanuska Valley structural trough.  
The Tertiary Chickaloon Formation is of particular interest because it contains four economic coal 
zones.  The Chickaloon Formation is of continental origin and consists of a sequence of claystone, 
shale, siltstone, sandstone, coal and a few thin beds of pebble conglomerate.  It is characterized by 
its stratigraphic variability both laterally and vertically, with facies and thickness changes over fairly 
short distances.  The extent of economically surface mineable coal in this formation defines the 
boundaries of the proposed surface mining areas within the proposed permit area. 
 
Economically mineable coal beds are contained in the upper 1,000 to 1,500 feet of the Chickaloon 
Formation, where they are concentrated in four major "zones".  The coal zones vary in thickness 
from 20 to 130 feet in thickness and contain 3 to 15 individual coal seams.  The coal seams in most 
zones grade in and out of coal, bone and shale with often imperceptible boundaries.  The coals are 
generally high volatile bituminous B in rank, and are low in sulfur content. 
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transverse faults bisect the syncline and are present in the project area.  The economical coal seams 
of the project area lie on the northern limb of this syncline where they dip from 5 to a maximum of 
80 degrees.  Locally, a few high angle reverse faults and low angle thrust faults have caused 
repetition and omission of coal bearing stratigraphic sections. 
 
Five Pleistocene glacial advances have been recognized in the Cook Inlet region; at least three of 
these have affected the present day topography of the Lower Matanuska Valley.  These  
glacial advances have deposited a mantle of unconsolidated clay, silt, sandstone, cobbles and 
infrequent boulders on the project area.  This mantle of glacial material varies from 0 to 130 feet in 
thickness within the project area. 
 
2.2 Regional Stratigraphy 
 
The present day Matanuska Valley is a northeast trending structural trough composed 
predominately of Mesozoic and Tertiary sedimentary rocks.  The sedimentary rocks are underlain 
by metasedimentary rocks of Jurassic and Cretaceous age which are exposed south of the valley in 
the Chugach Mountains.  North of the valley, intrusive rocks of the Talkeetna Mountains form a 
complex batholith comprised of quartz diorite, alaskite, and granodiorite mainly of Jurassic age. 
 
Of the many sedimentary formations which have been identified in the lower Matanuska Valley 
trough, the Tertiary Chickaloon Formation is of particular interest because it contains four economic 
coal zones in its upper section.  The coal bearing portion of this formation is discussed in detail in 
sections 3.3 and 3.4.  Shorter descriptions of the other, non-coal-bearing formations follow, 
beginning with the oldest.  The general succession of sedimentary rocks identified in the western 
half of the Wishbone Hill District from oldest to youngest is as follows:  Matanuska Formation, 
Chickaloon Formation, Wishbone Formation and Tsadaka  
Formation.  A generalized stratigraphic section of these formations is displayed in Figure II-2.  A 
short description of the Arkose Ridge Formation is also provided since it could arguably be a part of 
the lower Matanuska Valley trough sequence. 
 
 


The Cretaceous Matanuska Formation in the lower Matanuska Valley consists of a basal dark shale 
unit overlain by a sequence of interbedded sandstones, shales, and siltstones.  A few lenticular 


Matanuska Formation 
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conglomeratic beds have been observed in the Matanuska Formation along the Glenn Highway in 
the vicinity of Granite Creek and the Matanuska River.  The sandstone beds are generally thin (<1.0 
feet) and predominately a graywacke with fine-grained detrital quartz.  The upper 
sandstone/graywacke and shale sequence in the vicinity of Wishbone Hill is fairly hard and has a 
platy fracture pattern.  The formation is more than 4,000 feet thick at its type section along Granite 
Creek (T. 19 N., R. 3 E.) and ranges in age from early to late Cretaceous (Grantz, 1964).  Rocks of 
this formation are the most widely exposed formation in the valley today, and presumably underlie 
the entire area of Tertiary deposition.  Fossil mollusks found within this formation indicate a 
middle-to-outer sublittoral to outer bathyal or abyssal depositional environment (Grantz, 1964). 
 
 Arkose Ridge Formation 
 
The Arkose Ridge Formation of Paleocene Age is composed of highly indurated dark brown to gray 
conglomerates, feldspathic sandstones, and a few thin shale beds.  A greenish tinge in color was 
observed in a few outcrops which is probably a result of the presence of chlorite.  The Arkose Ridge 
Formation is thought to be over 2,000 feet thick in the lower Matanuska Valley.  Although little is 
known of this formation, its restricted outcrop distribution and composition suggest a fanglomerate 
deposit of local origin (Clardy, 1974).  This formation is arguably a part of the Matanuska trough 
sequence, however, is only exposed on the southern flank of the Talkeetna Mountains.  It is 
juxtaposed to the Castle Mountain Fault on its north side where the formation unconformably 
overlies the plutonic rocks of the Talkeetna batholith.  Its similar age and proximity to the 
Chickaloon Formation suggests a sequential stratigraphic relationship; however, the right-lateral 
movements along the Castle Mountain Fault have probably brought the two formations together 
from widely separated depositional areas (Clardy, 1974). 
 
 Chickaloon Formation 
 
The coal-bearing Chickaloon Formation unconformably overlies the Matanuska Formation and is at 
least 5,000 feet thick.  Mineable coal beds are contained in the upper 1,000 to 1,500 feet of this 
formation, where they occur in four major groups and one isolated seam.  Potassium Argon and 
fission-track aging techniques from two volcanic ash partings in upper Chickaloon Formation coals 
range from 53.3 plus or minus 1.5 million years to 55.8 plus or minus 1.7 million years. (Triplehorn 
and others, 1984).  These dates place the Paleocene-Eocene boundary (55 m.y.) somewhere within 
the upper part of this formation. 
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There are discrete and sometimes subtle lithologic differences between the lower, middle, and upper 
Chickaloon strata.  In general, there is a decrease in grain size in gross aspect from the bottom to top 
of this formation.  The overall decrease in grain size indicates the energy associated with the 
depositional environment of Chickaloon sediment was decreasing.  A decrease in energy regime 
coupled with a warm, humid, temperate continental environment was conducive to peat (coal) 
deposition, hence the major coal groups are located in the upper Chickaloon Formation.  The 
depositional environment of the lower Chickaloon has been interpreted to be fluvial with braided 
and meandering stream deposits.  The sediments in the upper section appear to have been deposited 
in a meandering stream and paludal environment. 
 
Various portions of the Chickaloon Formation in the western Wishbone Hill District have been 
observed in outcrop at three general localities: 
 
 1.Southern flanks of the Talkeetna Mountains north and west of Wishbone Hill 
 2.Tsadaka Canyon 
 3.Periphery of the Wishbone Hill 
 
The Chickaloon strata, exposed in the small stream valleys on the flanks of the Talkeetna 
Mountains, is generally coarser grained than the Chickaloon strata in Tsadaka Canyon.  Many 
covered intervals prevent accurate determination of thickness.  Unless faulting and folding have 
caused duplication in strata, at least 2,500 feet of Chickaloon section is partially visible along some 
stream valleys.  These sections are believed to comprise the lower Chickaloon Formation because of 
their stratigraphic proximity to the Matanuska Formation.  The lower Chickaloon section in these 
stream valleys consists of dark shale, gray siltstone, tan and gray fine- to medium-grained 
sandstone, and occasional conglomeratic beds.  No coal beds were identified within this strata.  
Plant fossils within this stratigraphic section are sparse compared to middle and upper Chickaloon 
sections.  Sandstone and conglomerate appear to constitute approximately 50 percent of the visible 
section. 
 
The Chickaloon strata exposed in Tsadaka Canyon appear to lie below the upper coal-bearing 
section in the middle of the formation.  This stratigraphic section is fairly well exposed in the 
canyon and totals approximately 1,400 feet in thickness.  In Tsadaka Canyon, the middle 
Chickaloon Formation consists of dark gray shale, carbonaceous black shale, thin coaly beds, gray 
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siltstone, and tan fine-grained sandstone.  The sandstone beds in the middle Chickaloon Formation 
are generally massive, reach a maximum thickness of 25 feet, and appear to be laterally continuous 
up to a mile.  No coarse-grain sandstone or conglomerate were observed in the middle Chickaloon 
Formation of Tsadaka Canyon.  There is an abundance of plant fossils within most of the lithologic 
units found in the middle Chickaloon Formation. 
 
A few scattered thin coal beds, generally less than 3 feet thick, are present in the middle Chickaloon 
Formation.  Outcrop examinations and geophysical log interpretation of these coaly beds indicate 
they contain numerous boney coal, bone, and carbonaceous shale partings.  The only known seam 
in excess of 3 feet thick was mined in the abandoned Doherty Mine.  This seam, where observed in 
outcrop and penetrated by drilling, is 4.4 feet and approximately 6.0 feet, respectively.  The seam 
contains numerous bone and carbonaceous shale partings. 
 
The upper Chickaloon Formation in the Wishbone Hill District is exposed on the northern and 
western flanks of Wishbone Hill.  This section of the formation contains the only known economic 
coal deposits, and consequently has been evaluated more than the lower and middle Chickaloon 
sections.  The predominant lithologic units found in the upper Chickaloon Formation are dark gray 
shale, carbonaceous black shale, light and dark gray claystone, bone, thick coal zones, gray 
siltstone, tan and light gray fine- to coarse-grain sandstone, and thin conglomeratic lenses.  A 
detailed description of the Upper Chickaloon stratigraphy can be found in Section 3.3 (Overburden 
and Interburden Stratigraphy) and Section 3.4 (Coal Stratigraphy and Characteristics). 
 
 


The boundary between the Wishbone Formation and Chickaloon Formation has previously been 
considered conformable and gradational through several feet (Barnes, 1956).  An exposure of the 
Chickaloon/Wishbone Formation contact, located approximately 600 feet east of the abandoned 


Wishbone Formation 
 
The name "Eska conglomerate" was given to a thick sequence of conglomeratic beds on Wishbone 
Hill by Martin and Katz in 1912.  Barnes and Payne subdivided the Eska conglomerate into the 
Wishbone and Tsadaka Formation based on contrasting beds.  The maximum thickness of the 
Wishbone Formation is 1,800 to 2,000 feet in the Wishbone Hill area.  The synclinal structure of 
Wishbone Hill is made easily visible by the resistive concentric ridges and cliffs composed of this 
formation. 
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Premier Mine entry, shows a definite angular unconformity between the two formations.  U.S. 
Bureau of Mines drill holes located on the southern limb of the Wishbone Hill syncline also indicate 
an angular unconformity exists between the relatively flat-lying Wishbone Formation conglomerate 
and the more steeply dipping upper Chickaloon Formation. 
 
The Eocene Wishbone Formation consists of thick sequences of massive to poorly stratified 
conglomerate beds, lenticular sandstone and siltstone beds, and a few thin lenses of claystone.  
Conglomerate clasts are well rounded and range in size from pebble to boulder.  Wishbone 
Formation sandstones are generally brown to tan in outcrop, coarse- to very coarse-grained, 
subangular, poorly sorted, and fairly well lithified.  These sediments were derived from a 
predominantly volcanic source terrain located to the north of the Matanuska Valley (Clardy, 1974).  
This fact is supported by paleocurrent data and the high percentage of mafic rock fragments found 
in the Wishbone Formation.  Pebbles and boulders of granitic rock are extremely scarce.  The 
Talkeetna Formation probably comprised the source area because Wishbone Formation 
conglomeratic clasts are lithologically similar to Talkeetna Formation rocks.  Sedimentary texture 
and structures suggest the Wishbone Formation was deposited in an alluvial fan and braided stream 
environments.  Clardy (1974) suggested that the relief of the source area and gradient of the source 
area stream system was controlled by tectonic activity along the Castle Mountain Fault. 
 
 


On Wishbone Hill the gently dipping Tsadaka Formation rests unconformably on the Wishbone 
Formation which dips into the Wishbone Hill syncline.  In Tsadaka Canyon, the basal Tsadaka 


Tsadaka Formation 
 
The overlying Tsadaka Formation of Oligocene Age is composed of poorly indurated very coarse 
conglomerate, fine- to coarse-grain sandstone, siltstone, silty carbonaceous shale, and thin layers of 
bone.  On Wishbone Hill, the Tsadaka is poorly exposed because of its soft, very friable nature.  
The best and most complete exposure of Tsadaka Formation is located in Tsadaka Canyon.  In 
Tsadaka Canyon, this formation is more than 500 feet thick, and contains a continuous basal 
conglomerate which is approximately 50 feet thick.  The massive basal conglomerate contains well 
rounded clasts that range in size from pebble to boulder.  Thin pebble conglomerates, sandstone, 
and siltstone with occasional thin layers of carbonaceous shale and bone overlie the basal 
conglomerate unit.  The overlying lithologic units are very lenticular, discontinuous, and contain 
many scour and fill features. 
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Formation conglomerate lies directly on steeply dipping middle Chickaloon strata.  The Wishbone 
Formation and upper Chickaloon Formation have apparently been removed by erosion in this area 
prior to Tsadaka deposition.  The extent and thickness of strata eroded during this period is largely 
unknown due to the lack of drilling and outcrop control. 
 
Clardy (1974) suggests the Tsadaka Formation was derived from a felsic igneous source terrain, as 
indicated by the high percentage of quartz and feldspar.  Conglomerate clasts are composed of 
diorite and granodiorite on Wishbone Hill.  Clardy (1974) indicates the Tsadaka Formation contains 
a "volcanic clast tongue" which is composed of basalt and andesite fragments.  This tongue, which 
is present in the vicinity of Tsadaka Canyon, is probably a result of the reworking of the totally 
eroded Wishbone Formation. 
 
The Tsadaka Formation, like the Wishbone Formation, was deposited in an alluvial fan and braided 
stream environment.  The texture and structure of the basal conglomerate suggests sheet flood 
deposition near the apex of an alluvial fan (Clardy, 1974). 
 
 Quaternary System Deposits 
 
Quaternary deposits of the lower Matanuska Valley consist of glacial deposits, alluvial deposits, 
colluvial deposits and terrace sands/gravels.  These deposits cover most of the lower Matanuska 
Valley except for cliffs, steep valley sides and the higher topographic areas.  The Quaternary 
deposits, especially those of glacial origin can reach thicknesses greater than 150 feet. 
 
2.3 


The dominant structural feature of the Wishbone Hill District is a northeastward-trending canoe-
shaped syncline:  the Wishbone Hill syncline.  The depth, width, and traceable length of the 
Wishbone Hill syncline exceeds that of other known synclinal structures in the district.  The 
northeast end of this syncline is located near Knob Creek, and the southwest end was believed to lie 
near the abandoned underground Premier Mine.  Simplistically, the skin of the canoe contains the 
coal-bearing upper Chickaloon strata, and the interior of the canoe is filled with Wishbone and 
Tsadaka Formations.  Several major transverse faults and many minor faults bisect the limbs of the 
syncline into many displaced segments.  The transverse faults could represent either secondary 
shears related to the deformation along the Castle Mountain Fault system, or primary shears which 


Regional Geologic Structure 
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developed during folding.  The Castle Mountain Fault lies approximately 1 mile north of the district 
at the base of the Talkeetna Mountains. 
 
The dip of the coal beds in the east-central part of the district range from 30 to 45 degrees, although 
dips as low as 12 degrees near the synclinal axis have been reported in underground mines.  In the 
east central part of the district, the Wishbone Formation conglomerate is confined to the trough of 
the syncline where it appears to lie conformably above the upper Chickaloon strata.  The two largest 
abandoned underground mines are located in that portion of the district, hence the geology of that 
area is known in more detail than elsewhere. 
 
The northern limb of the Wishbone Hill syncline can be traced along the entire length of the district.  
Upper Chickaloon strata, although bisected by a few major transverse faults and many smaller 
faults, appear to be present and correlatable along the entire northern limb of the syncline.  The 
largest identified block of potentially strippable coal lies on the northern limb of the syncline on the 
Idemitsu Alaska leases and within the proposed permit area.  The coal in this block is continuously 
mineable for 1.2 miles, and dips 40 to 80 degrees. 
 
In the eastern portion of the district, faulting with vertical displacement prevents the coal-bearing 
strata from wrapping around the eastern end of the Wishbone Hill syncline.  These faults, whose 
southeast sides are down thrown, have the effect of extending the coal-bearing strata of the 
Wishbone Hill syncline eastward.  The Wishbone conglomerate and the very upper portions of the 
Chickaloon Formation have been removed by erosion in the extreme eastern portion of syncline. 
 
In the western part of the district, the Wishbone and Tsadaka Formations are not always confined to 
the trough of the Wishbone Hill syncline.  The Wishbone and Tsadaka Formations truncate the coal-
bearing upper Chickaloon Formation at depth on portions of the Wishbone Hill syncline's northern 
limb.  The angular unconformity resulting from the erosion of the slightly deformed upper 
Chickaloon strata prior to Wishbone and Tsadaka deposition is visible in outcrop and can be 
inferred from drilling data.  The net economic effect of the erosion of the coal bearing upper 
Chickaloon Formation is the decrease in potentially surface mineable coal. 
 
In the northwestern part of the district, the Chickaloon Formation has been compressed and broken 
into tight folds and fault blocks.  In most instances, the northwest limbs of the synclines dip more 
steeply than the southeast limbs, creating asymmetrical folds.  Numerous faults, including thrust and 







 II-10 WBH 2009 Update     
 


reverse faults, are present in this tightly folded area.  The thrust and reverse faults cause both 
duplication and omission of stratigraphic sections. 
 
3.0 STRATIGRAPHY AND STRUCTURE OF PERMIT AREA 
 
3.1 


In the south central and southwestern portions of the permit area the Wishbone Formation has 
apparently been eroded prior to the deposition of the Tsadaka Formation.  Drilling information 
indicates an angular unconformity exists between the Chickaloon and Tsadaka Formations.  


Bedrock Stratigraphy 
 
The majority of the bedrock within the proposed permit area is masked by Quaternary glacial 
deposits which obtain a maximum thickness of 120 feet.  Bedrock exposures within the proposed 
permit area are limited to those within the abandoned surface mining pits and those along the 
southwest side of Moose Creek.  Because of the extremely limited bedrock exposures, the majority 
of stratigraphic knowledge of the proposed permit area has been gained through drilling.  The 
drilling density is sufficient to accurately understand the stratigraphy of the permit area.  Plate II-1 
displays the bedrock geology of the proposed permit area. 
 
The predominant bedrock unit of the proposed permit area is the upper Chickaloon Formation.  
Generally, this unit lies below the glacial and alluvial gravels in the northwestern half of the 
proposed permit area.  As a result of faulting, the lateral and vertical stratigraphic continuity of the 
upper Chickaloon in this area is often interrupted, thus complicating stratigraphic interpretation.  A 
major offset in the Upper Chickaloon Formation occurs in the central portion of the proposed permit 
area.  In this area, the Wishbone Formation has been thrust over the Upper Chickaloon Formation.  
Overall, the Upper Chickaloon Formation is easily identified in drill hole cores and cuttings through 
it's abundance of carbonaceous rock and thick coal groups. 
 
The bedrock formation in the south central and southwestern portions of the permit area is generally 
the Tsadaka Formation.  Drill holes that have penetrated the Tsadaka Formation in the areas near its 
contact with the Chickaloon Formation often encountered the lower basal coarse conglomerate unit.  
This lower unit is well indurated, thus significantly inhibiting drilling penetration rates.  The middle 
portions of the Tsadaka Foundation contain fairly soft sandstone and siltstone which can be quickly 
penetrated through drilling. 
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Approximately one half mile west of the permit area, in Tsadaka Canyon, the basal Tsadaka 
conglomerate can be seen lying unconformably on middle Chickaloon Formation strata.  In this 
area, the Wishbone and upper Chickaloon Formations have apparently been removed by erosion 
prior to Tsadaka deposition.  Drill holes in the south central portion of the permit area often 
encounter a mantle of Tsadaka Formation prior to penetrating the steeply dipping coal-bearing 
upper Chickaloon strata. 
 
The Wishbone Formation lies under the glacial gravels in the northeastern and central portions of 
the proposed permit area.  This formation is easily identified in drill cuttings by its abundance of 
mafic rock fragments.  The color of these cutting fragments is generally gray to green.  In the central 
portion of the permit area the Wishbone Formation has been thrust over the Chickaloon Formation.  
The contact between the Chickaloon and Wishbone Formations in the northeastern portion of the 
permit area is believed to be a slight angular unconformity. 
 
Core samples of the Wishbone Formation in the permit area indicated it generally consists of pebble 
conglomerates and medium to coarse grained sandstones.  Occasional cobble conglomerate lenses 
are also encountered and appear to increase in thickness and frequency in the eastern portions of the 
permit area.  Similar to the Wishbone Formation's drilling cuttings, the core also has a green to gray 
color. 
 
3.2 Quaternary Stratigraphy 
 
The glacial gravels generally cover the bedrock of the permit area and tend to thicken toward the 
southern and eastern portions of the proposed permit area.  The deposits are assumed to be all of 
Late Stade Naptowne in age (approximately 10,000 to 30,000 years B. P.) however, no radiocarbon 
dates are available from the site or adjacent areas.  The following is a list and description of glacial 
and alluvial deposits identified in or closely surrounding the proposed permit area.  The location of 
these deposits are displayed on Plate II-2 entitled "Surficial Geology". 
 
 


The oldest exposed late Quaternary glacial deposits are the unconsolidated gravels immediately 
overlying the Tertiary Wishbone and Tsadaka Formations.  They are best exposed in the canyon 
walls of Tsadaka Canyon.  The deposits generally underlie all of the younger glacial deposits in the 


Outwash and Glacial Drift 
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area and represent an environment during rapid recession when melt water was at high levels and 
braided stream channels covered a large part of the Matanuska Valley floor.  With the exception of 
the Tsadaka Canyon walls, exposures of this unit exist only in limited areas on either side of Moose 
Creek at the northern end of Tsadaka Canyon.  The unit is characterized by relatively smooth, level 
topography and heavy tree cover.  The materials composing the unit are generally sands, gravels and 
sandy gravels.  Silt content is low (<5 percent) and, although cobbles are frequent, large boulders 
are rare.  The thickness of the unit is generally greater than 20 feet, and commonly greater than 50 
feet.  Differentiating overlying deposits is often difficult, as in most cases the outwash unit has 
simply been reworked to form the new deposit.  Southwest of the project area, the outwash and drift 
unit become much more extensive. 
 
 Old Ice-Marginal Deposits 
 
These deposits are younger than the outwash and contemporaneous with the esker-kame terrace 
deposits.  The unit is exposed along the Buffalo Mine Road approximately one mile south of the 
proposed permit area.  The unit is composed of very similar materials to both the Outwash and esker 
units, but is much less stratified and characterized by pothole and kettle topography.  The unit 
represents both recessional, ice-marginal deposits, as well as intra-eskerine deposits.  The sand and 
gravels of this unit may have a slightly higher silt content, more boulders, and a generally less 
classified nature than most of the other deposits. 
 
 


The esker-kame unit represents a stage during recession when the terminus of the Matanuska 
Glacier still reached well out into the Matanuska-Knik lowlands.  The eskers formed primarily as 
subglacial channels but also within the glacier and on top of the ground ice.  The ice cavities 


Esker-Kame Terrace Deposits 
 
The eskers in the Wishbone Hill area are perhaps its most prominent and easily recognized surficial 
deposit.  The long (up to 6 miles), snake-like ridges stand above the surrounding landscape by as 
much as 200 feet.  The ridges are sinuous and intertwine with one another forming a braided 
channel in reverse relief.  These deposits, which begin near Wishbone Hill, extend outward across 
the broad Matanuska-Knik lowlands, forming some of the most extensive and classically shaped 
eskers in Alaska.  The term "kame terrace" is used here to denote the less well-developed yet still 
well-stratified portions of the esker-kame complex. 
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contained the agrading stream channel gravels as the stream continued to melt away the overlying 
roof.  Eventually, all of the ice of the glacier melted away leaving the ridges of alluvium.  In some 
cases, the eskers insulated ground ice beneath them so that eventually, as this ground ice melted, it 
allowed the center of the esker to sink.  This phenomenon can be noted at certain localities where 
cross-sections of an esker show concave upward stratified material. 
 
The associated kame terrace deposits are formed when a stream channel is trapped between stagnant 
ice and a valley wall - or in this case, a previously formed esker.  Such deposits could be formed in 
innumerable ways at or near the ice margin.  An important characteristic which is always present, 
however, is the stratified nature of both the esker and kame terrace. 
 
The esker-kame terrace deposit sprawls over the southern half of the proposed permit area and 
access corridor.  The sandy gravels of the unit are well washed and sorted and are perhaps the best 
source of clean gravels in the proposed permit area. 
 
 Young Ice-Marginal Deposits 
 
One of the strongest topographic features in the map area is a scarp which runs southwestward 
along the southern edge of Wishbone Hill, through Elks Lake, and continues across Moose Creek 
Valley where it runs parallel to the first mile or so of the Buffalo Mine Road.   On the southeast side 
of this feature, the esker-kame terrace deposit has been sharply eroded away.  The generally level 
but heavily kettled topography to the southeast is interpreted as the base of a minor readvance of the 
main valley glacier and is referred to as young ice marginal deposits. 
 
The advance must have been short lived and receded very rapidly, as the erosion surface was not 
entrenched very deeply, and the extremely pitted and hummocky nature of the deposit suggest 
abundant stagnating ice.  The deposits are exposed in the valley walls of Moose Creek near the 
highway bridge and are composed primarily of sandy gravels.  Stratification is generally poor; 
however, the deposit is somewhat better layered on the southwest side of Moose Creek. 
 
 


Two distinct former channels of Moose Creek can be mapped in the proposed permit area.  Channel 
2 (see Plate II-2) is the older of the two, more extensive, and takes a radical departure from the 


Old Channel Deposits 
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existing Moose Creek drainage in the northeastern portion of the permit area.  This former channel 
runs south to Elks Lake from the northeastern portion of the permit area.  The direction of past flow 
at Elks Lake appears to be southeast.  The former channel was probably a short lived phenomenon, 
but yet it must also have carried substantially more water than the present day Moose Creek.  
During the waning phases of the late stade of the Naptowne glaciation, Moose Creek's base level 
was believed to be from 200 to 300 feet higher.  This deposit was believed to be formed when water 
from the Talkeetna Mountains' portion of Moose Creek began to run against the flank of Wishbone 
Hill.  The water first carved more directly around the base of Wishbone Hill, flowing through much 
of the eastern portion of the permit area, then cutting through portions of the esker-kame terrace 
deposit, flowing down across the present position of Elks Lake, and on to the main channel of the 
Matanuska.  As the channel converged on the area south of Elks Lake, it actually melted a channel 
through the then existing stagnant ice and created an irregularly shaped but relatively flat floodplain.  
Later, the confining walls of ice melted and the landscape surrounding the channel sunk into the 
hummocky terrain we see today, but with a base level actually below that of the channel.  In its 
heyday, this channel may have received flow from the basin of Wishbone Lake as well, and coarse 
material was periodically flushed into its upper reaches by flooding and outbursts on both Moose 
and Buffalo Creeks.  Subsequently, the channel was diverted by multiple channels to the southwest 
and finally it was abandoned altogether as Moose Creek adopted its current drainage system. 
 
Channel 1 is contemporaneous and essentially equivalent to the oldest Moose Creek Terrace 
deposits.  It is a meander remnant that occurs on the east bank of Moose Creek just above Tsadaka 
Canyon.  It carved into the esker-kame terrace unit and probably caused a minor outburst flood after 
it eroded into the side of a small lake captured within the braided esker deposit. 
 
Neither channel deposit is well exposed; however, drilling in the northern part of Channel 2 has 
encountered frequent bouldery sections.  From Moose Creek to Elks Lake, Channel 2 very likely 
contains significant coarse materials; from Elks Lake to the Matanuska River, the materials are 
more likely to be sands and gravels.  Since Channel 1 appears to be a gentle meander, it is probably 
composed of sands and sandy gravels. 
 
 Moose Creek Terrace Deposits 
Based on height above the present floodplain, three distinct terrace levels have been recognized.  
Martin & Katz (1912) observed six terraces within the Moose Creek Valley.  The terraces lie from 
10 to 130 feet above the present Moose Creek floodplain. 
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All the terraces appear to be younger than the glacially derived deposits.  Some of the terraces are 
well exposed and, for the most part, are reworked sands and gravels.  The terraces are occasionally 
cut into Tertiary-aged rocks, and the deposits are generally shallow (5 to 15 feet) in depth. 
 
 Modern Alluvium 
 
The modern alluvium of Moose Creek is characterized by boulder-rich sandy gravels.  The 
floodplain of Moose Creek, though heavily forested in some areas, is still prone to occasional 
flooding.  Drilling in the floodplain indicates the alluvium is very thin and the creek essentially lies 
on the bedrock. 
 
 Aeolian Loess 
 
A thin blanket of aeolian loess and sand was recognized along the northeast bank of Moose Creek 
Valley just below Tsadaka Canyon.  The deposit boundaries are very uncertain as the shifting sands 
have been overgrown.  Shallow cuts indicate at least a few feet of the material has accumulated, and 
perhaps there area areas where the deposit is as thick as 20 feet.  The wind-carried material was 
probably derived directly from the canyon walls of Moose Creek and drifted over the edge of the 
esker-kame terrace deposits. 
 
3.3 


The predominant lithologic units found in the upper Chickaloon Formation are olive gray to dark 
gray shale, carbonaceous black shale, light and dark gray claystone, bone, thick coal zones, gray 
siltstone, tan and light gray fine- to coarse-grain sandstone, and thin conglomeratic lenses.  The 
coarse-grain sandstone and pebble conglomerates contain abundant irregular carbonaceous 
fragments.  The lithologic character of these coarse units, coupled with their relatively localized 


Overburden and Interburden Stratigraphy 
 
The overburden and interburden of the coal groups consist of glacial gravels, Tsadaka Formation, 
Wishbone Formation and Upper Chickaloon Formation.  As discussed in the overburden 
characterization chapter of this permit, glacial gravels and conglomerates of the Wishbone and 
Tsadaka Formations consist of approximately 34 percent of the overburden material.  Stratigraphic 
descriptions of these formations and gravels are contained in Sections 3.1 and 3.2 of this chapter.  
The remaining 66 percent of the overburden material lies in the upper Chickaloon Formation. 
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lateral extent, indicate they were deposited in or in close proximity to fluvial channels.  The 
sandstones are generally moderately indurated and contain more than 50 percent feldspathic 
detritus.  As displayed in Figure 3-2 in the overburden characterization section of this permit, the 
most frequent overburden unit is gray shale which represents 41 percent of the 
overburden/interburden above the proposed surface mining areas.  Siderite (ironstone) concretions 
are common within every lithologic unit, including coal. 
  
Individual lithologic beds within the upper Chickaloon Formation tend to intergrade and vary in 
thickness within relatively short distances.  Coal beds within the well defined coal zones tend to 
grade laterally into carbonaceous shale and claystone.  The coal zones, however, persist in varying 
thicknesses around the northern and western flanks of Wishbone Hill. 
 
3.4 Coal Stratigraphy and Characteristics 
 
The upper 1,400 to 1,600 feet of the Chickaloon Formation is coal bearing in the western part of the 
district (see Figure II-3).  The rank of the coal throughout the Wishbone Hill District is high-
volatile, bituminous B.  The coal seams are not spread throughout the upper portion of the formation 
but are concentrated into four discreet groups.  The following names have been given to the four 
groups in order from youngest to oldest:  Jonesville, Premier, Eska and Burning Bed.  While 
individual coal beds within the groups may be hard to correlate between locations, the groups 
themselves seem to be persistent from one end of the permit area to the other.  In addition to the 
four main groups, there are a few thin unnamed seams.  The Midway seam is the only surface 
mineable seam which does not lie within a coal group. 
 
 


The Jonesville group is named for a persistent group of coal beds in the Jonesville area at the eastern 
end of the  Wishbone Hill District.  Within the proposed permit area, the Jonesville coal group is 
thinner than at Jonesville and can be easily traced within the proposed permit area.  Within that area, 
the group is commonly made up of 3 to 6 coal seams (see Figure II-4) gradationally interbedded 
with highly carbonaceous shale.  In the SW/4 NW/4 of Section 27, the Pioneer Mining Company 
mined the Jonesville coal group with a small dragline in the 1950's.  In this area, the Jonesville 
group has a stratigraphic thickness of approximately 75 feet.  Drill holes in close proximity to the 
Pioneer Mining pit suggest the Jonesville coal group also has an additional coal section about 50 


Jonesville Group 
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feet above the main coal section.  This upper Jonesville coal group is limited to the western part of 
the permit area and does not appear to extend as far east as the abandoned Buffalo Mine.  Where 
penetrated in drill holes, the Jonesville coal group lies 50 to 350 feet below the base of the 
Wishbone conglomerate. 
 
Generally, the Jonesville coal group is stratigraphically situated about 350 to 420 feet above the 
easily identified Premier coal group.  However, in the eastern portion of the permit area the apparent 
stratigraphic distance between the Premier and Jonesville coal groups increases to greater than 600 
feet.  This increase may not be entirely stratigraphic and could be a result of strike parallel faulting. 
 
 Premier Group 
 
The principal coal group in the Wishbone Hill District is the Premier;  it is named for its occurrence 
at the western end of the district in the abandoned underground Premier Mine.  Throughout the 
proposed permit area, the Premier group maintains a thickness of 70 to 130 feet and consists of 10 
to 13 discreet coal beds (see Figure II-5).  Only one of these seams was clean enough to allow 
extensive mining in the past.  This seam that can be correlated with acceptable certainty across the 
entire proposed permit area. 
 
In the western part of the district, the Premier coals commonly contain hard ironstone concretions, 
and the coals are cleaner near the bottom than higher up in the section.  The coal beds in the upper 
section grade in and out of coal, bone, and shale with almost imperceptible boundaries.  The large 
seam near the base of the Premier group was named the No. 3 bed in the Premier Mine and the No. 
2 bed in the Buffalo workings.  This seam averages approximately 7 feet thick in the proposed 
permit area.  Most of the other seams have too many in-seam partings to be worked underground, 
although in a few cases they were worked for a few hundred feet, especially in the Premier Mine. 
 
 


As far as is presently observed, the Midway seam is the only coal bed that extends over the entire 
district as an isolated, discreet bed.  Generally it is 3.8 to 8.8 feet thick (see Figure II-6), usually 
with a boney or shaley section in the middle and occurs between the Premier and Eska coal groups.  
It was called the No. 5 bed at the Premier Mine and the No. 1 bed at the Buffalo Mine.  As a single 
coal seam, the Midway is perhaps the most persistent in the Wishbone Hill District.  The 


Midway Seam 
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stratigraphic position of the Midway seam in the proposed permit area is 55 to 95 feet below the 
Premier coal group. 
 
In the western portion of the permit area, a group of 2 to 8 thin coal and bone seams lie 
approximately 21 to 48 feet stratigraphically below the Midway seam.  These seams are referred to 
as the below Midway seams and are not present in the eastern portion of the permit area. 
 
 Eska Group 
 
The Eska coal group generally occurs about 190 to 250 feet stratigraphically below the base of the 
Premier coal group.  The interval between these two groups is quite variable, with no identifiable 
trends.  The Eska coal group was named for a prominent group of coals in the eastern portion of the 
district, but the Eska group in the proposed permit area is much thinner (see Figure II-7).  Where 
encountered in drill holes, the Eska coal group is made up of a number of thin coal beds interbedded 
with carbonaceous shales and has an average thickness of approximately 47 feet.  Because of the 
thinness of the seams and the degraded quality due to the shales, this group was never extensively 
mined in the western part of the district. 
 
In the central portion of the proposed permit area, the Eska coal group has been divided into two 
separate coal groups:  Eska and Sub-Eska coal groups by a shale unit.  This unit tends to increase in 
thickness towards the northeast and has a maximum defined thickness of 55 feet. 
 
 


The drilling data from the central portion of the proposed permit area indicates that the complete 
Burning Bed section is approximately 86 feet thick and is made up of 9 coal and boney coal beds 


Burning Bed Group 
  
The Burning Bed group was named for a group of coals that occur in the western portion of the 
proposed permit area in the vicinity of the abandoned surface mining pits.  Until the group was 
removed by mining, one bed in an isolated fault block had burned for a number of years, hence the 
name.  At one time this group was exposed on both limbs of an anticline of that name, but most of 
that coal has been either mined or covered with spoil.  Its occurrence is now known from drilling 
information, all of which lie within the central portion of the proposed permit area.  Whether these 
coals are the same as those in the type section is unknown. 
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(see Fig. II-8).  The upper half of this group contains the majority of the thicker coal seams and less 
interburden material.  The Burning Bed group within the proposed permit area lies approximately 
130 feet below the Eska coal group. 
 
3.5 Geologic Structure 
 
The overall geologic structure of the proposed permit area is fairly complicated for an economic 
coal mining area.  Interpretation of the structure is difficult and hindered by the lack of outcrops.  
The coal-bearing strata is generally masked by conglomerate, glacial gravel and dense vegetation.  
Drill hole spacing is presently sufficient to provide fairly conclusive structural information in this 
geologically complex area. 
 
Recent drilling and field mapping in the western half of the district, on or near the Idemitsu Alaska 
leases, indicate significant structural variations exist from what has been previously cited in the 
geologic literature.  The structure of the western half of the district is characterized by a series of 
steeply dipping folds and numerous faults.  The relationship between the folding and faulting is 
complicated by the fact that the faults both parallel and bisect the folds' axes. 
 
The economically mineable coal of the proposed permit area is confined to two surface mining 
areas which are characterized by diagnostic structure and bedding attitudes.  Plate II-3 displays the 
location of the two mining areas and also serves as a cross section index.  Specifically Mine Area 1 
predominantly contains relatively shallow (250 to 90 feet below ground surface) 5 to 35 degree 
dipping coal; Mine Area 2 contains generally parallel northeast-southwest striking beds of coal 
dipping from approximately 50 to 80 degrees. 
 
 The collective structural geologic evidence from these sites include: 
 * folding 
 * repetition or omission of stratigraphic section 
 * steeply dipping bedding 
 * faulted juxtaposition of stratigraphically discordant   lithologies 
 * high angle reverse faults 
 * low angle thrust faults 
 * dragged bedding 
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The above structural characteristics suggest that the site has undergone a complex tectonic history 
consistent with an accretionary tectonic model characteristic of fore-arc regions typified in south 
central Alaska. 
 
The local structural setting of Mine Area 1 and Mine Area 2, in the framework of an accretionary 
tectonic model, are distinctly different, but are believed to have resulted from forces associated with 
the similar tectonic episodes.  Ramping and imbricate stacking of reverse fault bounded 
stratigraphic sequences, typical of Mine Area 2, is characteristic of layer parallel shortening and 
associated crustal thickening at continental accretionary margins bordering subduction zones.  
Plates II-8 and II-9 are cross sections through Mine Area 2 which display the ramping and imbricate 
stacking of reverse fault bounded stratigraphic sequences.  The local isolated occurrence of 
essentially flat lying Premier coal in Mine Area 1 is conceivably an allocthonous block transported 
and "piggy-backed" along a basal thrust or decollement.  Cross sections through Mine Area 1, 
which display the flat lying Premier coal group, are displayed in Plates II-5 and II-6. 
 
The sharp, low angle, 40 degree, southeastward dipping contact between the overlying Wishbone 
Formation and Chickaloon Formation observed in the southeast wall of the Omlin East pit was 
interpreted as a thrust fault by Barnes (1956) who initially defined portions of this major structural 
feature.  Exploratory and geotechnical drilling has helped determine the existence of this thrust 
where Barnes was unable to trace it, specifically along the northern central boundary of Mine Area 
2.  Successively repeated Premier coal groups with near parallel dips to the southeast in Mine Area 
2 are believed to have resulted from stacking along high angle reverse faults which are possibly 
listric (concave downward) and sole into the main thrust.  Plate II-7, displaying cross section D-D', 
displays the repeating Premier coal group separated by a high angle reverse fault. 
 
The hangwall of the sole thrust which constitutes a substantial portion of the mine site has been 
dissected by several near vertical, sometimes arcuate east-west trending strike slip faults which may 
represent syntectonic "tears" in the leading edge of the major thrust.  Mine Area 1 is bounded on the 
southeast and northwest by two of these faults.  Mine Area 2 is bounded by the thickening Tsadaka 
conglomerate and the Buffalo Fault and centrally transected by a genetically similar fault trending 
east-west coincident with the base of the topographic slope break west of exploration drill hole 
PB-103 (see Plate II-3). 
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Accretionary tectonic terrains and associated tectonic melanges characterized by high angle reverse 
faults, sole thrusts and strike slip faults are well documented in fore-arc basins including the coastal 
and near interior margins of south central Alaska (Coney et al., 1983; Jones et al., 1979; Saleeby, 
1983; Silberling et al., 1980; Dickinson et al, 1979). 
 
4.0 GEOLOGY OF PROPOSED SURFACE MINING AREA 
 
The boundaries of the two proposed surface mining areas are defined by the geologic structure, 
stratigraphy and the Moose Creek flood plain.  Since the two mining areas are predominately 
covered by glacial gravels, the structure and stratigraphy have been defined by drill hole 
information.  Drilling density within the two surface mining areas is approximately one drill hole 
per 6 acres.  Plate II-1 (Bedrock Geology), as well as Plates II-4 through II-10 (cross sections) 
display the structural and stratigraphic features of the proposed surface mining areas. 
 
Mine Area 1 is divided by a major transverse fault known as the Premier Fault.  The location of this 
fault is displayed on the bedrock geology map, (Plate II-1).  This fairly well defined fault is nearly 
vertical and strikes N70oW. The fault is encountered in the Premier Mine and is visible in outcrop 
on both sides of Moose Creek. 
 
The section of Mine Area 1 that lies southwest of this fault contains the southwestern limb of a 
northeastern plunging synclinal structure.  This synclinal structure contains the abandoned 
underground Premier Mine as displayed in Plate II-4 (cross section A-A'). 
 
Previous geologic literature suggested that the syncline in which the Premier Mine lies is an offset 
extension of the Wishbone Hill syncline.  If this assumption is correct, the Wishbone Hill syncline 
would have to be displaced more than 4,000 feet to the northwest by the Premier Fault.  This large 
amount of horizontal fault displacement is suspect.  A comparison of the geologic structure from 
one side of the Premier Fault to the opposite side suggests the syncline in the Premier area is not an 
offset of the Wishbone Hill syncline.  The structural geometries and amount of overlying 
conglomerate within the center of the Premier area and Wishbone Hill synclines are considerably 
different.  The synclinal structure that contains the Premier Mine most likely lies in the footwall of 
the large thrust fault which is visible 2,000 feet northeast of this area.  What has been previously 
called the Wishbone Hill syncline in the Premier Mine area, is referred to as the Premier syncline in 
this permit application. 
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The Premier coal group and Midway seams will be mined in the section of Mine Area 1 that lies 
southwest of the Premier Fault.  The coal bearing strata in this area dips approximately 35o 
northwest and is shown in Plate II-4 (cross section A-A').  Surface mining in this area will encounter 
the abandoned underground Premier Mine workings.  Drilling and mine information indicate only 
one thick (7.2 feet) coal seam in the basal portion of the Premier coal group was extracted by room 
and pillar mining.  The underground mine maps of the Premier Mine, which are displayed in 
Chapter XII of this application, indicate no major faults exist on the southwestern limb of the 
Premier syncline. 
 
The portion of Mine Area 1 that lies northeast of the Premier Fault contains two economically 
mineable coal groups;  Jonesville and Premier.  The outcrop of the Jonesville coal group defines the 
northwestern boundary of Mine Area 1 in the area northeast of the Premier Fault.  In this area, the 
Jonesville coal group was surface mined to approximately a 40 foot depth by the Pioneer Mining 
Company in the mid 1950's.  The dip of the Jonesville coal group at the contact with the Premier 
Fault is 50o southwest and gradually increases to the northwest until it is near vertical.  Outcrop and 
drilling data indicates that the dip of the Jonesville group rapidly decreases with depth.  At a depth 
of approximately 200 to 250 feet the Jonesville coal group is truncated by a reverse fault which is 
displayed in Plate II-5 (cross section B-B').  This fault dips to the southeast and has a north-easterly 
strike which approximately parallels the Jonesville coal group's strike.  On the opposite side of the 
reverse fault lies an area which contains relatively flat lying Premier coal group.  The Premier coal 
group in this area is bounded by faults.  The southeastern boundary is defined by a reverse fault 
similar to the one that truncates the Jonesville group (Plate II-5).  The southeastern and northwestern 
sides of the block are defined by the Premier Fault and an unnamed transverse fault respectively.  
This relatively flat lying block is structurally unique for the Wishbone Hill District. 
 
The Premier coal group within this block is also unique from a stratigraphic standpoint.  The 
northeastern portion of the Premier coal group block contains an anomalously large shale parting.  
This shale parting increases in thickness towards the northeastern boundary and reaches a maximum 
thickness of 55 feet.  The shale parting is shown in Plate II-5 (cross section B-B').  In the central 
portion of the block,  the Premier coal group also contains an additional few boney coal seams.  
These additional seams stratigraphicly lie directly above the typical Premier coal group sequence 
and were also encountered in a few holes outside of the flat lying Premier block.  The typical 
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Premier coal group within this area is shown in the geophysical log of drill hole PB-86 (Chapter III, 
Appendix E). 
 
Mine Area 2, like Mine Area 1 is bisected by an unnamed transverse fault.  The trace of this fault 
although slightly curved is approximately east-west.  The coal bearing strata on both sides of this 
fault dip to the southwest.  This transverse fault is displayed on Plate II-1. 
 
The surface mining area southwest of the transverse fault is bounded on the west by a reverse fault 
which separates the coal bearing strata from the Wishbone Formation.  The southwestern boundary 
is determined by mining economics and is formed by the increasing thickness of Tsadaka 
Formation, which unconformably overlies the coal bearing Chickaloon Formation strata.  The upper 
Chickaloon Formation in this block contains, from west to east, the Burning Bed coal group, Sub-
Eska coal group, Eska coal group and the Premier coal group as shown in Plate II-7, cross section 
D-D'.    Representative geophysical logs of the majority of the stratigraphic section from the 
Burning Bed group through the Premier group are displayed in the logs of holes PB-48, PB-100, 
PB-92, and PB-13 contained in Chapter III, Appendix E.  A reverse fault that lies east of the 
Premier coal group results in the repetition of the Premier coal group (see Plate II-7).    The 
geophysical log of PB-73A (Chapter III, Appendix E) shows the lower portion of the repeated 
Premier coal group.  Wishbone and Tsadaka Formations lie east of the repeated Premier coal group.  
The dips of the coal bearing strata southwest of the transverse fault gradually increase from north to 
south from 55o to 80o. 
 
The surface mining area northeast of the transverse fault contains a reverse fault in its southwest 
corner.  This fault is most likely a segment of the Moose Creek thrust fault and is shown in Plates II-
8 and II-10 (cross sections E-E' and G-G').  The exact dip of this fault has yet to be defined, which 
inhibits the determination of fault type.  If this fault is indeed the Moose Creek Thrust Fault, then 
the Premier, Eska and Sub-Eska coal groups that occur west of this fault lie in the footwall of the 
thrust fault.  The geophysical log of drill hole PB-69A (Chapter III, Appendix E) shows the interval 
between the Midway seam and the Eska coal group in this area. 
 
The majority of the proposed surface mining area that lies northeast of the transverse fault consists 
of the normal stratigraphic sequence of coal groups.  The coal groups which will be mined in this 
area consist of the Sub-Eska, Eska, Premier and Midway seams.  Representative geophysical logs of 
these groups and their overburden are shown in drill holes PB-70, PB-74, PB-107, PB-108, PB-109, 
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and PB-19 (Chapter III, Appendix E).  Reverse faulting appears to be present in the northwest 
portion of this area as displayed in Plate II-9 (cross section F-F').  These reverse faults, because of 
their location, should not significantly affect the surface mining operation.  Since these reserve 
faults were not encountered in drill holes and are being inferred based on known stratigraphic and 
structural relationships, they may in fact not exist.  The changes in stratigraphy and structure may be 
a result of rolls in the northern limb of the Wishbone Hill syncline. 
 
Glacial gravel thicknesses rapidly increase in the northeastern portion of this proposed mining area.  
The northeastern boundary is determined by the economic limit of mining the gravel and underlying 
coal bearing strata.  Economic mining depths define the southwestern limits of Mine Area 2.  As a 
result of the stratigraphic distance between the Jonesville and Premier coal groups, the Jonesville 
coal group can not be economically mined in Mine Area 2. 
 
5.0 GEOLOGICAL EXPLORATION AND DEVELOPMENT METHODS 
 
With the outbreak of World War II, the demand for both military and civilian coal in Alaska 
increased dramatically.  Since the Matanuska Field was the closest coal field to the population, the 
U. S.  Bureau of Mines conducted several exploration programs to delineate coal reserves for 
mining. 
 
From 1942 through 1944 the Bureau of Mines drilled 11 holes in or within close proximity to the 
proposed permit area.  Those holes were all core holes and are designated "DDH" holes on the drill 
hole plan map (Plate II).  All but 2 of those holes were angle holes with the total footage amounting 
to approximately 6,600 feet.  The location of these holes is uncertain as they were not surveyed.  
The placement of all "DDH" holes, with the exception of DDH-1, DDH-10 and DDH-11, should be 
considered approximate as they were located by enlargement of the 1956 USGS report map (see 
Barnes 1956).  Holes DDH-1, DDH-10 and DDH-11 were approximately located by the presence of 
a sinkhole around the apparent drill site. 
 
From 1945 through 1950, the U. S. Bureau of Mines shifted its interest to the eastern and southern 
portions of the district where four drilling programs were conducted during this period.  These 
programs were primarily conducted in the areas of the now abandoned Evan Jones and Eska Mines.  
In addition, a few holes were drilled west of the abandoned Evan Jones Mine on the southern limb 
of the Wishbone Hill syncline. 
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In 1953 and 1954 the Bureau turned their attention back to the western end of the field and drilled 8 
additional holes designated MC-1 through MC-7 and P-1.  P-1 was located on the east side of the 
Premier Fault and represented an attempt to trace the Premier syncline toward the east.  The 
majority of the MC holes were drilled in the Buffalo Mine area in an effort to trace the stratigraphy 
across the Wishbone Hill syncline.  Total footage in that program amounted to approximately 8,400 
feet, all of which was cored.  P-1 was the only angle hole drilled. 
 
All of the "MC" series holes were surveyed, but the coordinates were based on section corner 
monuments.  Since the section corners have not been surveyed, hole locations should be considered 
approximate unless they were positively identified on the ground.  In the case of holes MC-13, 14, 
15 and 17, casing was located, so a positive identification was possible. 
 
In June, 1983, Union Pacific and Hawley Resource Group acquired four State coal leases in the 
western portion of the Wishbone Hill Coal District.  After approximately 30 years of no exploration 
drilling activities, these two companies initiated a drilling program in the area in and closely 
surrounding the proposed permit area.  This drilling program was the first drilling program to use 
modern down hole geophysical logging techniques.  The intent of this drilling program was to 
delineate the lowest cost surface mineable coal reserves in the western portion of the district.  While 
there are certainly significantly sized underground reserves, such reserves would be more costly to 
produce.  Therefore, the drilling activities were concentrated in areas where topography was 
conducive to surface mining. 
 
The areas immediately surrounding the abandoned underground mines were believed to be the least 
geologically complicated, so most holes were placed in those areas.  A number of additional holes 
were drilled in the intervening area and south of the abandoned Premier Mine in an attempt to trace 
the Wishbone Hill syncline and locate additional surface mineable reserves.  In areas where coal 
zone data were available, holes were sited in order to penetrate the group as shallowly as possible.  
There were also a few holes placed in areas where no information was available. 
 
The 1983 program consisted of 29 open rotary holes and 9 continuous core holes.  Two bulk 
samples for washability testing were also extracted during the 1983 field program.  All holes were 
cased through the glacial gravel, surveyed and given a "PB" designation.  The rotary holes were 
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completed using 2 tire-mounted rigs with casing hammers.  The nine continuous core holes were 
drilled with a Longyear 28, a skid-mounted wireline rig. 
 
In 1984, Union Pacific and Hawley Resource Group conducted a second drilling program.  The goal 
of the drilling program was to find additional recoverable reserves in close proximity to the reserves 
defined in the 1983 drilling program.  These new reserves hopefully would be in areas of less gravel 
cover and less complex structure.  The program consisted of 22 rotary holes.  There was no core 
drilling.  Two Mayhew 1000 drill rigs mounted on FN110 Nodwell tracked carriers were used 
during the entire 1984 drilling program.  The majority of the holes were "wildcat" holes in areas 
where little or no geological data previously existed. 
 
In 1983 and 1984, drilling and evaluation programs were successful in confirming the existence of 
sufficient economically mineable reserves for a surface mine.  These programs indicated significant 
structural and stratigraphic variations existed in the western portion of the district than were 
previously indicated in the geologic literature.  Coal quality data from the coring and bulk sampling 
programs indicated that a high quality bituminous coal can be produced for the export market. 
 
In December, 1984, the Alaska Department of Natural Resources, Division of Mining, offered nine 
coal lease tracks for competitive sale in the Wishbone Hill Coal District.  Union Pacific was the 
successful bidder on three contiguous tracts located in the central and eastern portions of the 
Wishbone Hill District.  At the time of acquisition by Union Pacific, very little geologic information 
existed to define the amount and location of surface mineable coal within these tracts.  Therefore, 
exploration efforts during the time period of 1985 to 1987 focused on better defining the potentially 
surface mineable coal in the areas south and east of the proposed permit area. 
 
In 1988, Idemitsu Alaska, Inc. acquired all Union Pacific and Hawley Resource Group's Wishbone 
Hill coal leases and conducted a drilling program in both the western and eastern portions of 
Wishbone Hill District.  The majority of drilling activities were conducted in the western portion of 
the district in the proposed permit area.  These drilling activities were conducted to better define the 
surface mineable reserve, geotechnical and geochemical characteristics of the 
overburden/interburden and ground water hydrology.  Within the proposed permit area, 32 
exploration/ development drill holes and eight continuous core holes were completed with a 
combined rotary and core footage of approximately 12,780 feet.  Two Mayhew 1000 drill rigs 
mounted on FN110 Nodwell tracked carriers were used to complete the exploration and 
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development drill holes.  Continuous core holes were completed with Nodwell mounted Acker and 
Failing core rigs. 
 
Following is a summary of all holes known to have been drilled in the western part of the Wishbone 
Hill Coal Field through 1992: 
 


Drilling Summary Through 1992 
Time Period Responsible Party Holes 


Series 
No. of 
Holes 


Approximate 
Footage 


1942-1944 U.S.B.M. DDH 11 6,600 
1953-1954 U.S.B.M. P, MC 8 8,400 
1956-1958 U.S.B.M. MC 11 7,100 
1983 Union Pacific/Hawley PB 38 9,490 
1984 Union Pacific/Hawley PB 19 5,940 
1988 Idemitsu Alaska PB 40 12,780 
1988 Idemitsu Alaska H88 17 2,570 
1989 Idemitsu Alaska PB 31 9,544 
1989 Idemitsu Alaska H89 2 403 
1990 Idemitsu Alaska PB 28 11,495 
1990 Idemitsu Alaska BH 9 490 
1991 Idemitsu Alaska PB 18 7,185 
1992 Idemitsu Alaska PB 7 2,717 







 II-28 WBH 2009 Update     
 


 
All holes drilled during the 1983, 1984, 1988, 1989, 1990, 1991, and 1992 exploration drilling 
programs were geophysically logged unless adverse down-hole problems existed.  The chip or core 
samples from these holes were also megascopically described by a field geologist.  The drill holes 
were geophysically logged with the following two tools: 
 * resistivity sonde 
 * coal combination sonde (CCS) 
 
The coal combination sonde (CCS) provided the following three geophysical logs: 
 
 Gamma The natural, low-level radioactivity all rock units display.  Shales have a 


higher natural radioactivity than coals and sandstones, hence, kick higher to 
the right on the paper displays. 


 
 Density A radioactive (gamma emitter) source irradiates the surrounding rock, and 


the rock's response gives a measurement of the in-place density.  Since coal 
is considerably lighter than either shale or sandstone, the log shows coal 
plainly as a kick to the left. 


 
 Caliper  Drill holes are not the same diameter from top to bottom, and the caliper 


measures that change.  Other measurements, especially density, are affected 
by changes in hole size. 


 
The resistivity sonde provided a log of the resistance of the lithologic units between a down hole 
electrode and a surface ground point.  This is a useful qualitative log for defining all lithologic units. 
 
All the log data was recorded on magnetic tapes.  These tapes were replayed later to create an 
additional coal quality log for accurate determination of in-place coal and parting densities. 
 
In a number of holes where structural information was poor or lacking, an additional log was run.  
In those cases, a dipmeter sonde was used to measure the strike and dip of lithologic units, as well 
as the variance of the drill hole from true vertical.  The tool consists of three separate resistivity pads 
that press against the drill hole wall.  In addition, there are very sophisticated circuits that measure 







 II-29 WBH 2009 Update     
 


the tilt of the instrument as well as the direction of magnetic north.  All of these values were 
evaluated with a computer to generate two types of logs: 


Dipmeter Log Analysis:  a vertical plot every 2 feet throughout the hole that shows the dip 
angle and direction. 


 
Verticality Log Analysis:  a plot of the actual drill hole in relation to the surface opening that 
shows drill hole drift. 


 
Because the dipmeter and verticality logs are generated by computer, there is no accurate means of 
determining if the geophysical dipmeter tool is operating properly in the field.  The following is a 
listing of all the holes that had dipmeter and /or verticality logs.  The holes in which the instrument 
malfunctioned are noted. 
 


Drill Holes With Dipmeter and /or Verticality Logs 
Drill Hole No. Collar Elev. TD Verticality Log Dipmeter Log 


Quality 
PB-2A 868.5 298.4 Yes  Fair 
PB-7 930.1 368.0 Yes  Poor 
PB-8 905.2 331.0 Yes  Poor 
PB-8rd 905.2 336.0 Yes  Malfunction 
PB-12 1094.3 289.0 Yes  Excellent 
PB-18 1032.1 348.0 Yes  Excellent 
PB-20 839.7 362.0 Yes  Poor 
PB-24 1012.0 319.4 Yes  Excellent 
PB-38 809.7 567.0 Yes  Poor 
PB-40 1066.6 540.0 Yes  Fair 
PB-61A 901.5 299.0 Yes  Fair 
PB-74 1009.9 400.0 Yes  Malfunction 


PB-76 1086.1 414.0 Yes  Malfunction 


PB-78 872.7 334.0 Yes  Malfunction 


PB106 1035.0 514.0 Yes  Malfunction 


PB-107 1025.0 515.0 Yes  Malfunction 


PB-108 1048.0 550.0 Yes  Malfunction 
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All lithologic descriptions and geophysical logs for the above drill holes are kept on file in the 
project office in Palmer, Alaska. 
 
6.0 GEOLOGICAL REFERENCES 
 
There are approximately 350 known geologic references for the Matanuska Coal Field.  Most of the 
references refer, in part or in whole, to the more past productive eastern end of the Wishbone Hill 
District.  The eastern end of the district contained the Eska and Evan Jones Mines.  Of the 125 
references known to deal with the western end of the field, many are either quite old or are very 
general.  In addition, there are a large number of references in federal archives in Seattle, Juneau, or 
Washington that are of limited use and consist mainly of Alaska Railroad memoranda.  The list that 
follows is a compilation of the most pertinent and useful geologic references.  A complete listing 
can be found in Alaska Coal - A Bibliography, 1982, by Julia Triplehorn. 
 
 Selected Matanuska Coal Field Geologic References 
 
Apell, G. A., 1944, Moose Creek District of Matanuska Coal Fields, Alaska:  U.S. Bureau of Mines 


Report of Investigations 3784. 
 
Barnes, F. F., 1962, Geologic map of the lower Matanuska Valley, Alaska:  U.S. Geological 


Survey, Inv. Map I-359, scale 1:63,360. 
 
_______________, 1966, Geology and coal resources of the Beluga-Yenta region, Alaska:  U.S. 


Geological Survey Bulletin 1202-C, 54 p. 
 
Barnes, F. F., and Payne, T. G., 1956, The Wishbone Hill District Matanuska Coal Field, Alaska:  


U.S. Geological Survey Bulletin 1016, 46 p. 
 
Barnes, F. F., and Sokol, D., 1959, Geology and coal resources of the Little Susitna District, 


Matanuska Coal Fields, Alaska: U.S. Geological Survey Bulletin 1058-D, 17 p. 
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Capps, S. R., 1927, Geology of the Upper Matanuska Valley, Alaska:  U.S. Geological Survey 
Bulletin 791, 92 p. 


 
Clardy, B. I., 1974, Origin of the Lower and Middle Tertiary Wishbone and Tsadaka Formations, 


Matanuska Valley, Alaska:  M.S. Thesis, University of Alaska, Fairbanks, 51 p. 
 
Geer. M. R., and Yancey, H. F., 1946, Washability Characteristics and washing of coals from the 


Matanuska Field of Alaska:  U.S. Bureau of Mines Report of Investigations 3840. 
 
Geer, M. R., and Fennessy F. D., 1962, Washability of coals from the Matanuska Valley and Beluga 


River Fields, Alaska:  U.S. Bureau of Mines Report of Investigation 6017. 
 
Grantz, Arthur, 1964, Stratigraphic reconnaissance of the Matanuska Formation in the Matanuska 


Valley, Alaska:  U.S. Geological Survey Bulletin 1181-I, 33 p. 
 
Grantz, Arthur, and Jones, D. L., 1960, Stratigraphy and age of the Matanuska Formation, south 


central Alaska in Geological Survey Research 1960:  U.S. Geological Survey Professional 
Paper 400-B, p.  347-350. 


 
Grantz, Arthur, Thomas, H. Stern, T. W., and Sheffey, N. B., 1963, KAr and Pb-alpha ages for 


stratigraphically bracketed plutonic rocks in the Talkeetna Mountains, Alaska:  U.S. 
Geological Survey Professional Paper 475-B, p. 56-59. 


 
Grantz, Arthur, and Wolf, J. A., 1961, Age of the Arkose Ridge Formation, south central Alaska:  


American Association Petroleum Geological Bulletin, v. 45, p. 1762-1765. 
 
Hazen Research, 1983, Washability analyses and sample characterization studies on Alaskan coal, 


Consultant's Report. 
 
Jolley, T. R., Toenges, A. L., and Turnbull, L. A., 1952, Bituminous coal deposits in the vicinity of 


Eska, Matanuska Valley Coal Field, Alaska:  U.S. Bureau of Mines Report Inv. 4838, 82 p. 
 
Martin, G. C., and Katz, F. J., 1912, Geology and coal fields of the Lower Matanuska Valley, 


Alaska:  U.S. Geologic Survey Bulletin 500, 98 p. 
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Rao, P. D., and Wolff, E. N., 1979, Characterization and evaluation of washability of Alaskan coals, 


Phase 1 Report, University of Alaska, Mineral Industry Research Laboratory. 
 
______________________, 1982, Characterization and evaluation of washability of Alaskan coals, 


Phase 4 Report, University of Alaska, Mineral Industry Research Laboratory. 
 
Triplehorn, J. H., 1982 Alaska coal - a bibliography, University of Alaska, Mineral Industry 


Research Laboratory Report 51. 
 
Triplehorn, D. M., Turner, D. L., and Naeser, C. W., 1984, Radiometric age of the Chickaloon 


Formation of south central Alaska:  Location of the Paleocene-Eocene boundary, Geological 
Society of America Bulletin, v. 95, p 740-742. 


 
U.S. Bureau of Mines, 1946, Analyses of Alaska coals, U.S. Bureau of Mines Technical Paper 682. 
 
Various Authors, 1976, Focus on Alaska's coal, '75, University of Alaska, Mineral Industry 


Research Laboratory Report 37. 
 
Various Authors, 1982, Focus on Alaska's coal, '80, University of Alaska, Mineral Industry 


Research Laboratory Report 47. 
 
Warfield, R. S., 1962, Bituminous coal deposits of the Matanuska Coal Field, Alaska:  central and 


western parts, Wishbone Hill District:  U.S. Bureau of Mines Report of Investigations 5950, 
190 p. 


 
Waring, Gerald, 1934, Core drilling for coal in the Moose Creek area, Alaska:  U.S. Geological 


Survey Bulletin 857-E. 
 
Williams, Jerry, 1983, Seismic refraction survey of Wishbone Hill coal property, Palmer, Alaska:  


C. C. Hawley and Associates, Inc. 
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Accretionary Tectonics 
 
The following is a list of selected references related to accretionary tectonics: 
 
Ben-Avraham, Z., Nur, A., Jones, D., Cox, A., 1981, Continental  Accretion:  From oceanic 
plateaus to allocthonous terranes.   Science 213: 47-54. 
 
Coney, P. J., Silberling, N. J., Jones, D. L., 1983, Oceanic crustal telescoping and the growth of 


continents; accretionary tectonics in Alaska.  Abstracts with Programs - Geological Society 
of America 15: 5, 427 p. 


 
Dickinson, W. R. and Seeley, D. R., 1979, Structure and stratigraphy of fore-arc regions.  Bulletin 


of the American Association of Petroleum Geologists, v. 63, no. 1, 2-31. 
 
Jones, D. L., Silberling, N. J., Mesozoic accretionary tectonics  of southern and central 
Alaska:  Geological Society of  America, Abstract Programs 11: 7, 1979, 452 p. 
 
Noklenber, W. J., Plafker, G., Roeske, S., Structural analysis and accretionary tectonics of 


Cretaceous and early Tertiary flysch sequences juxtaposed along the Contact Fault, eastern 
Chugach Mountains, Alaska:  The Geological Society of America, Cordilleran Section, 
82nd annual meeting.  Anonymous. 


 
Silberling, N. J., Jones, D. L., Mesozoic accretionary tectonics of Alaska.  AAPG Bulletin 64:  5, 


1980, 784 p. 
 
 Quaternary Geology 
 
The following is a list of selected references pertaining to the Quaternary geology of the Matanuska 
Valley.  It is worthy to note that many of the Matanuska Coal Field geologic references discuss 
certain aspects of the quaternary geology.  Those references that were used in preparing both the 
Quaternary Geology and Pre-Quaternary Geology sections of this report can be found in both 
reference lists. 
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Barnes, F. F., and Payne, T. G., 1956, The Wishbone Hill District, Matanuska Coal Field, Alaska:  
U.S. Geological Survey Bulletin 1016, 87 p. 


 
Capps, S. R., 1927, Geology of the Upper Matanuska Valley, Alaska:  U.S. Geological Survey 


Bulletin 791. 
 
Clardy, B. I., Hanley, P. T., and LaBelle, Joe, 1982, Field trip guidebook:  Anchorage to Matanuska 


Glacier:  Anchorage, Alaska Geological Society, 38 p. 
 
Collins, S. G., 1975, Glaciers of the Talkeetna Mountains, Alaska, in Field, W. O., ed., Mountain 


glaciers of the Northern Hemisphere:  U.S. Army Cold Regions Research and Engineering 
Laboratory Report, v. 2, p. 543-548. 


 
Detterman, R. L., Plafker, G., Hudson, T., Tysdal, R. G., and Pavoni, N., 1974, Surface geology and 


Holocene breaks along the Susitna segment of the Castle Mountain Fault, Alaska:  U.S. 
Geological survey Miscellaneous Field Studies Map MF-618, scale 1:24,000, 1 sheet. 


 
Detterman, R. L., Plafker, G., Tysdal, R. G., and Hudson, T., 1976, Geology and surface features 


along part of the Talkeetna segment of the Castle Mountain - Caribou Fault system, Alaska:  
U.S. Geological Survey Miscellaneous Field Studies Map MF-738, scale 1:63,360, 1 sheet. 


 
Karlstrom, T. N. V., 1953, Upper Cook Inlet region, Alaska, in Pewe, T. L., and others, Multiple 
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1.0  INTRODUCTION 
 
This section presents the findings of the Overburden Characterization Program for the Wishbone 
Hill Coal Project.  These investigations were conducted to characterize the geochemistry of the 
overburden and interburden units so that the potential for impacting water quality and revegetation 
could be assessed.  All stratigraphic intervals that will be mined have been sampled and analyzed.   
 
1.1  Background 
 
All overburden characterization methods (including drilling, logging, sampling and analyses) were 
conducted in accordance with the applicable rules, regulations and recommendations of the State of 
Alaska Department of Natural Resources Division of Mining (Division) and the Department of 
Interior - Office of Surface Mining (OSM).   
 
The Division requires chemical analyses of each stratum within the overburden and each stratum 
immediately below the lowest coal seam to be mined.  In addition, the Division requires chemical 
analyses of the coal for total sulfur content.   
 
1.2  Objectives 
 
The primary objective of the overburden characterization program was to define the physical and 
chemical characteristics of the overburden units within the permit area so that successful 
reclamation plans could be developed.  Particular emphasis was placed on the identification of acid-
forming and toxic-forming zones or strata, and on those overburden chemical characteristics 
important to post mining revegetation. 
 
The geology of the proposed permit area is described down to and including the stratum 
immediately below the lowest coal seam to be mined.  This description includes the general 
geology of the permit area, overburden characteristics (including lithologic, physical and chemical 
properties) of each stratum, chemical analysis of the coal seam and coal group partings (refuse) for 
acid- and toxic-forming materials.  These descriptions and supportive data are submitted in 
sufficient detail to assist in: 
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• Defining the major lithostratographic units; 
• Determination of potentially acid- and/or toxic-forming strata; 
• Identifying potential strata that have physical and chemical properties that may adversely 


affect a) post-mining ground water quality and b) surface reclamation efforts; 
• Identifying the total sulfur content of the coal; 
• Development of operational and reclamation plans for handling toxic- and acid-forming 


materials. 
 
2.0  APPROACH 
 
The overburden characterization program was designed to make full use of existing overburden 
information to achieve the above objectives.  The key elements of the Wishbone Hill Overburden 
Characterization Program approach were: 
 


• Evaluation of Existing Data


• 


 - Overburden lithologic, geophysical, and geochemical data 
from exploration and related drill holes were evaluated.   
Phased Drilling and Sampling


• 


 - Phased drilling programs to provide additional overburden 
information were conducted in 1983, 1984, 1988 and 1989.  Sampling of overburden 
materials for chemical analyses was conducted during the 1988 and 1989 drilling programs. 
Combined Non-Statistical and Statistical Evaluation


• 


 - Lithologic and laboratory chemical 
data were analyzed  and evaluated using statistical and non-statistical approaches.  
Statistical methods were used to assess variance, minimum, maximum and mean values.  
The non-statistical elements included evaluation of the overburden based on suitability 
criteria for reclamation.  
Identification of Overburden/Interburden Groups


• 


 - Logical overburden units were defined 
and characterized based on the mining and operations plans. 
Screening of Overburden/Interburden Units


 
 
 


 - Each unit was screened on the basis of its 
geochemical characteristics to assess acid- and/or toxic-forming materials and its suitability 
for reclamation. 
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2.1  Drilling and Logging 
 
At the time this study was conducted, one hundred forty seven (147) exploration and related bore 
holes were drilled within the Wishbone Hill Coal Project area (Plate II-3 of the Geology Report).  
This represents a substantial data base from which to describe the geologic, stratigraphic, lithologic 
and geochemical characteristics of the overburden/interburden materials.  A more complete 
discussion of the drilling and logging is located in the Geology section of the mine permit 
application (Chapter II). 
 
A combination of rotary-drilled (chip sampled) and cored drill holes were used for the overburden 
characterization studies.  Each borehole was logged for detailed lithological description of core and 
cuttings by the site geologist.  Project geologists have spent considerable time and effort to obtain 
consistency between the geologic logs (lithologic descriptions used for each borehole record) 
collected by various geologists.  Lithologic logs were completed on standard forms, with 
appropriate headings information and scales.  Standard descriptions specifying depth interval and 
characterizing lithologic and mineralogic attributes were completed.  Appendix A presents the 
computerized lithologic logs for drill holes utilized in geochemical and lithologic characterization.  
Additional lithologic logs are kept on file in the project office in Palmer, Alaska. 
 
All major lithologic units that will be disposed of as spoil have been sampled.  Plate II-3 (Geology 
Report) identifies the drill holes that were sampled and subsequently analyzed for chemical 
parameters.  Drill hole samples were taken from the ground surface down to the first geological 
stratum below the lowest coal seam to be mined. 
 
In addition to lithologic logs, each borehole was geophysical logged under the supervision of the 
site geologist.  This included the acquisition of gamma caliper, resistivity (electric), and density 
logs.  Sufficient deflection was achieved to  adequately identify major lithologic units.  Geophysical 
logs (gamma, resistivity and density) for the 10 drill holes utilized in geochemical characterization 
are presented in Appendix E. Additional geophysical logs are kept on file in the project office in 
Palmer, Alaska. 
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2.2  Sampling 
 
Sampling procedures for cored and rotary-drilled holes followed the guidelines established by 
western surface coal mine regulatory agencies.  Specifically, these guidelines suggest that 10-foot 
split-core composite samples be obtained from ground to the first under burden unit; and that 
cuttings from rotary-drilled holes be composite and split-sampled at 5-foot intervals.  However, 
strict adherence to the 5- or 10-foot interval sampling/analysis procedure may actually result in loss 
of important data.  For example, regimented interval sampling may result in the inappropriate 
compositing of more than one lithotype under some circumstances, making lithologic/geochemical 
interpretation and correlation more difficult.  Similarly, if a sampled interval is lithologically 
consistent over a considerable depth, then that interval's geochemical attributes may be 
characterized by a fewer number of properly composite samples.  For these reasons, a modified 
lithologic control sampling technique was utilized to achieve a more accurate and cost-effective 
approach to the overburden sampling and characterization.  The maximum compositing interval 
was ten feet for cored holes.  However, sampling intervals for cored holes were based on lithologic 
breaks and are frequently less than ten feet.  All chip samples were composited over five foot 
intervals regardless of lithology.  Sampling quantities, preparation, and handling procedures 
followed recommended guidelines.  Core samples were composited over the entire sampling 
interval.  Cores were stored in standard core boxes and kept in a dry, cool environment to reduce 
any chemical or biological oxidation.  Chip samples were collected and quickly rinsed with water to 
remove any contamination from bentonitic drilling muds.  The entire chip sample was submitted for 
laboratory analysis.  All samples were ground and sieved through a 2 mm screen prior to 
conducting the laboratory analyses.  All overburden samples were obtained under the supervision of 
a site geologist. 
 
2.3  


The success of any overburden characterization program is  dependent on the quality of the 
analytical work performed on the samples.  Picking a laboratory that is cost-effective, and highly  
regarded for quality analytical work among peers, industry and regulatory agencies is essential.  
Two laboratories which have worked with us on a number of projects including the quality control 
section of the BHP-Utah International Alton coal project are Colorado State University Soil Testing 


Laboratory Analysis 
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Laboratory (CSU) and Inter-Mountain Laboratories, Inc. (IML).  Both of these laboratories have the 
qualifications listed above.  CSU was chosen for the routine overburden 
analytical work, while IML was utilized for the QA/QC portion of the overburden characterization 
program. 
 
CSU is one of the premier soil and overburden testing facilities in the United States.  It has been 
responsible for the development of numerous analytical procedures for soils and overburden, 
including the DTPA (diethylenetriaminepentaacetic acid) and AB-DTPA (ammonium bicarbonate-
DTPA) extraction procedures which have been used in Alaska soil and overburden projects.  In 
addition, CSU is the recognized authority on soil and overburden analyses utilizing an inductively 
coupled plasma - atomic emission spectrometry (ICP) system and are the authors of the ICP chapter 
in "Methods of Soil Analysis" (Page, 1986).  The lab has invaluable experience with analysis of 
western soils and overburden and is often utilized by industry, academia, and regulatory agencies.  
CSU is routinely involved in Quality Assurance/Quality Control (QA/QC) programs and is one of 
only a few laboratories in the United States which has passed the State of California Water Quality 
Control Board's QA/QC for selenium.   
 
2.3.1  Parameters 
 
Review of previous overburden work for Alaska coal mines indicates an extensive laboratory 
parameter list.  However, these past overburden characterization studies have been targeted at 
topsoil substitution.  That is not the intent of the Wishbone Hill overburden characterization 
program.  Therefore, a more traditional parameter list has been developed to accurately define acid-
forming  and toxic-forming zones or strata.   
 
The following parameters were analyzed on all overburden, interburden, and floor (under burden) 
samples collected for the overburden characterization program.   
 
 


• pH 
• Electrical Conductivity (EC) 
• Saturation Percent (Sat %) 







 
 


 


 III-6 WBH 2009 Update 


 


• Texture 
• Sodium Absorption Ratio (SAR) 
• Total Sulfur 
• Calcium Carbonate % 
• Acid - Base Potential (ABP) 
• Boron (B) 
• Selenium (Se) 
• Nitrate - Nitrogen 


 
These parameters were selected based on review of current practices, comparison with other 
western states overburden guidelines, and discussions with the Division and Dr. C. L. Ping (June 
20, 1988).  Some samples from the 1989 drilling program contained insufficient volumes for a 
complete laboratory analysis.  Therefore, some of these samples lack texture, selenium, boron and 
nitrate-nitrogen analyses.  All of the samples were analyzed for acid and toxic forming materials as 
required by both state and federal regulations. 
 
In addition to the parameters listed above, the Division (Mr. Sam Dunaway, June 17, 1988 scoping 
meeting) recommended that additional parameters be evaluated to get a more complete 
"geochemical picture" for the overburden.  Discussions during the June scoping meeting indicated 
that total elemental analysis would only be necessary on representative samples of each major 
lithologic unit.   
The following parameters were analyzed for total elemental analysis on representative samples 
from each major lithologic unit. 
 Al Cr Mn Se 
 As Cu Mo Sr 
 B Fe Na Ti 
 Ba Hg Ni Zn 
 Ca K P 
 Cd Mg Pb 
Representative samples chosen for these analyses included Wishbone Conglomerate (3990), 
Tsadaka Conglomerate (4043), glacial gravel (4027), shale (4002), siltstone (3965) and sandstone 
(3970).  These intervals were chosen due to their close proximity to the calculated mean value for 
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that lithologic or overburden/interburden unit.  In addition, total elemental analysis was also 
conducted on both coarse (4821) and spiral (4822) reject materials.   
 
2.3.2  Analytical Methods 
 
The recommended analytical procedures for the overburden characterization study are those 
recommended by the Wyoming Department of Environmental Quality - Land Quality Division 
(Guideline No. 1, 1984).  These procedures were discussed with the Division and with Dr. C. L. 
Ping.  The procedures are outlined in Table 3-1.   
 
The procedure for total elemental analysis utilized nitric-perchloric acid digestion followed by ICP 
analysis.  All elements except As, Se and Hg were analyzed by direct nebulization into an ICP.  
Arsenic and selenium were concentrated using hydride generation.  Mercury was analyzed by cold-
vapor ICP.  Total boron analysis was rerun using teflon digestion tubes due to boron contamination 
from the pyrex digestion equipment.   
 
2.3.3  Laboratory QA/QC 
 
The analytical laboratory provides geochemical data for use in overburden characterization.  To be 
valuable, the data must be both accurate and precise. 
 
The most common method for determining the accuracy of an analytical procedure is the use of 
standard reference materials.  However, there are few commercially available standard reference 
materials for overburden.  Twenty one (21) overburden sample splits were sent to IML as a check 
on analytical performance.  A variety of statistical methods were used to evaluate the analytical 
data.  These methods included: 
 
  


• Graphical comparison of CSU and IML data 
• Calculation of correlation coefficients for each parameter between the CSU and IML data 


 
Currently, no state or federal regulatory agency requires laboratory QA/QC programs for 
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overburden characterization studies.  However, to insure the validity of the overburden analytical 
data and to assist in evaluation and interpretation of the potential impacts from any apparent 
adverse overburden geochemical conditions, a laboratory QA/QC program was included.   
 
The results of this interlaboratory comparisons of the Wishbone Hill sample splits are shown in 
Appendix C.  In general, the results indicate that the data between laboratories are comparable and 
demonstrate the accuracy (validity) of the overburden chemical data presented in this report.   
 
There is analytical consistency throughout most of the results as indicated by the high correlation 
coefficients (r) for the data (Appendix C-2).  The correlation coefficients (r) values were poor for 
sand (0.505), silt (0.549), clay (0.183), nitrate-nitrogen (0.498), boron (0.195) and selenium (0.596). 
 All other r values are highly significant:  pH (0.916), electrical conductivity (0.839), saturation 
percent (0.978), calcium (0.978), magnesium (0.994), sodium (0.911), sodium absorption ratio 
(0.801), total sulfur (0.907), calcium carbonate percent (0.709) and acid-base potential (0.721).  The 
trends of poor analytical performance with selenium, boron and nitrate-nitrogen are consistent with 
findings of the Western Soil and Overburden Task Force Round Robin Soil and Overburden 
Analysis Programs (Severson and Fisher 1985; 1986; and 1987).  However, the analytical 
performance presented in this report is superior to that reported by Severson and Fisher (1985, 1986 
and 1987). 
 
Although the data are correlated, the IML data for calcium, magnesium, acid-base potential (ABP) 
and percent sand are consistently higher than CSU.  The IML data for pH, sodium absorption ratio 
(SAR) and clay are consistently lower than CSU.  These differences in the data are consistent and 
relatively easy to explain.  IML extracted more bases (calcium, magnesium and calcium carbonate) 
from the samples.  The exact reason for this increase is not known.   
 
The results for boron, selenium and nitrate-nitrogen show increased analytical variability and 
corresponding lower r values.  The reason for the lack of accuracy in these results is due to the low 
concentration of these parameters.  All are near the detection limits of the instruments, thus the 
increased variability in results is expected.  However, it should be pointed out that the results for 
these parameters (both for the QA/QC results and all of the overburden analyses) are well below the 
suitability levels outlined in Section 2.5.  Therefore, the poor comparability of results for these 
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parameters is of no concern. 
 
The poor results for clay percentage may be due to a lack of adequate dispersion on the part of IML. 
 This would result in a lower clay percentage and a resultant increase in the sand percentage.  This 
is consistent with the reported results.   
 
2.4  Data Grouping 
 
Initially, the individual lithologic units within the overburden were identified.  Secondly, each drill 
hole was evaluated for its lithologic and geochemical characteristics.  This characterization 
provided the basis for understanding the extent and geochemistry of the various lithologic units that 
comprise the overburden.  The third categorization was then evaluated in context with the 
anticipated mining and overburden handling operations.  To facilitate this subsequent aspect of the 
overburden evaluation, anticipated mining and overburden handling plans were reviewed.  This 
allowed the development of "overburden/interburden units" that reflect lithologic and geochemical 
attributes, as well as operational considerations.   
These data are then used to develop appropriate plans for handling of the overburden materials 
during mining and reclamation.   
 
2.4.1  Lithologic 
 
Drill hole geologic logs were used to define the lithologic units within the overburden.  Initially, 
each distinct lithologic unit was evaluated separately.  This provided a basis for stratigraphic 
correlation with the geophysical logs, establishment of lithotypes for overburden/interburden 
characterization, and a logical basis for the subsequent assignment and interpretation of 
geochemical data.  This evaluation was conducted for drill holes with geochemical data.  Lithologic 
comparisons were also conducted for each distinct overburden/interburden unit. 
 
In addition, representative samples from each lithologic group were submitted for total elemental 
analyses to get a more "complete" geochemical characterization of the overburden/interburden 
materials.  These representative samples were taken from the following lithotypes:  Glacial Gravel, 
Tsadaka Conglomerate, Wishbone Conglomerate, Chickaloon Shale, Chickaloon Sandstone and 
Chickaloon Siltstone. 
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2.4.2  Drill Hole 
 
Thirteen (13) drill holes were evaluated for both lithologic and geochemical characteristics.  These 
drill holes included:  PB-60, PB-69A, PB-74, PB-80, PB-84, PB-85, PB-87, PB-92, PB-101, PB-
105, PB-107, PB-108, and PB-109. 
  
2.4.3  Overburden/Interburden Unit 
 
Drill holes were then grouped by their appropriate overburden/interburden units.  These units 
include:  Glacial Gravel, Tsadaka Conglomerate, Wishbone Conglomerate, Jonesville, Premier, 
Midway, Eska, Sub Eska, and Burning Bed.   
 
The "overburden/interburden units" were developed on the basis of the following considerations: 


• The anticipated mining and overburden handling methods; 
• Their relative position in the overburden sequence; 
• Their geochemical characteristics with regard to a) surface reclamation/revegetation, and b) 


 post mining water quality 
These overburden/interburden units thus not only represent an assemblage of lithotypes (with 
corresponding physical and geochemical characteristics), but the general means by which they will 
be handled during the anticipated mining activities.   
 
Because the purpose of this overburden characterization program is oriented primarily towards 
surface and subsurface reclamation, the focus of the overburden/interburden unit designation 
approach was on (1) their relative "suitability" for reclamation, and (2) their anticipated fate in the 
backfill spoils.  For example, if the upper 40 feet of the overburden materials (glacial gravel) 
represent an operational unit of generally suitable materials and will be handled via truck/shovel 
mining methods, they will tend to be placed in the same relative position in the backfill (i.e., at the 
surface).   Geochemical data from drill holes from the same overburden/interburden group were 
combined to determine the chemical characteristics of that group.   
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2.5  


• Acid- and Toxic-forming materials 


Suitability Screening Criteria 
 
Using the overburden/interburden units described in the previous section, a further evaluation was 
conducted to determine the suitability of these various materials for reclamation.  The screening 
evaluation was based on a variety of criteria, including: 


• Plant root zone suitability 
• Vegetative forage material quality 
• Backfill water quality 


 
These criteria were reviewed to determine their applicability and appropriateness for screening the 
quality of the overburden/interburden units.  The results of this review, as well as the applicability 
of these criteria to the Wishbone Hill Coal Project are provided in Table 3-2 and described in 
subsequent sections. 
 
2.5.1  Acid- and Toxic-Forming Potential 
 
Those chemical parameters indicative of potentially acid- or toxic-forming conditions include low 
pH (<5), low acid-base potential (ABP < -5 tons CaCO3/1000 tons material), and elevated 
extractable boron (> 5 mg/kg). 
Low pH facilitates potentially phytotoxic conditions due to increased metal availability, especially 
aluminum.  Low acid-base potential is an indicator of acid-forming potential or the lack of 
neutralization capacity of the spoil materials.  Boron in extractable concentrations greater than 5 
mg/kg is considered phytotoxic to certain agronomic plant species.   
 
2.5.2  Plant Root Zone Suitability 
 
Chemical parameters that address root zone suitability include the ones listed above as well as high 
SAR, high pH, and elevated electrical conductivity (EC).  Sodium absorption ration (SAR) is an 
indirect measurement of potential sodium hazard.  SAR values greater than approximately 15 can 
result in unsuitable soil conditions through dispersion and swelling of clays and decreased water 
infiltration, unless mitigating factors are present.  Similarly, high pH (>9.0) is considered an 
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indication of potential sodic conditions.   Electrical conductivity (EC) is an indicator of soil salinity 
with potential adverse conditions resulting from interferences with the plant-water osmotic 
potential.  Electrical conductivities greater than 12 mmhos/cm are considered detrimental to plant 
growth. 
 
2.5.3  Vegetative Forage Quality 
 
The importance of selenium (Se) in mine reclamation and revegetation relates primarily to its 
uptake and accumulation by plants and the resultant toxicity to animals feeding on the plant 
material.  Western states have routinely used extractable selenium values ranging from 0.1 to 2.0 
mg/kg as a suitability limit.  No suitability values were recommended for selenium in the recent 
publication on reclaiming mine soils and overburden in the western United States (Fisher et al 
1987).  Based on the overburden geological/geochemical conditions, the environmental conditions 
within the Wishbone Hill project area, and a review of existing mining and reclamation practices, a 
value of < 0.5 mg/kg has been chosen for a suitability limit for this project. 
 
2.5.4  Backfill Water Quality 
 
Several of the above parameters that relate to potential water quality impacts due to mining, include 
ABP, pH, and EC.   In addition, nitrate-nitrogen present in overburden materials can contribute to 
elevated nitrate conditions in the backfill spoil water.  Nitrate-nitrogen values of greater than 50 
mg/kg are commonly utilized as a screening value for predicting overburden conditions which 
potentially may impact the post mining ground water quality. 
 
3.0  RESULTS 
 
The drilling, sampling and laboratory analysis programs provided sufficient data for geological and 
geochemical evaluations of the overburden materials.  These evaluations aided in the identification 
of acid- and toxic-forming materials and the development of appropriate mining and reclamation 
plans.  These studies were conducted in accordance with recommended overburden guidelines and 
the applicable rules and recommendations of the Division.  The results of the overburden 
investigations are presented in Sections 3.1 through 3.5.  The conceptual geologic framework for 







 
 


 


 III-13 WBH 2009 Update 


 


the Wishbone Hill Permit Area (Section 3.1) includes a description of the specific lithologic units 
that comprise the overburden materials.  The geochemical characteristics of these units are 
discussed in Section 3.2. 
 
3.1  Site Geology 
 
The geology of the Wishbone Hill coal district has been discussed in detail in previous publications 
(Germer, 1986;  Conwell et al, 1982; Barnes, 1967; Warfield, 1962; Barnes and Payne, 1956; 
Barnes and Ford, 1952; Apell, 1944; Waring, 1934; Martin and Katz, 1912) and in Chapter II of 
this permit application. 
 
The descriptive geologic "model" for the Wishbone Hill Permit Area consists principally of a 
technical narrative and geologic cross sections that characterize the stratigraphic, structural, and 
lithologic attributes of the overburden materials.  Based on an extensive drill hole data set, the 
model forms a physical framework that defines not only the geologic characteristics of the 
overburden materials, but also correlates the key lithotypes.  The model also describes the textural 
attributes of the key lithotypes, and forms the basis for the geochemical characterizations presented 
in Section 3.2. 
 
3.1.1  Existing Data 
 
The one hundred forty seven (147) exploration and related drill holes, from recent drilling 
programs, represent a substantial data base from which to describe the geologic, stratigraphic, and 
lithologic characteristics of the overburden materials.  The available geologic drill hole data set 
consist of the following: field lithologic descriptions and geophysical logs 
 
The location of these drill holes are presented on the Geologic Cross Section Index and Drill  Hole 
Locations Map (Plate II-3, Geology).  This represents a relative drill hole density of approximately 
one hole per ten acres.  The majority of these exploration drill holes penetrated the primary 
overburden units, and in some cases, deeper geologic units.   
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3.1.2  General Geologic Setting 
 
The Wishbone Hill coal district is one of four coal districts of the Matanuska coal field.  It is 
located in the lower Matanuska Valley of south central Alaska, approximately 45 miles northeast of 
Anchorage (Figure 3-1).  The district is approximately 2 miles wide and 8 miles long and takes its 
name from the prominent conglomerate-capped hill that occupies its central part.  The location of 
the Wishbone Hill district is determined by the known extent of the coal-bearing Chickaloon 
Formation and extends eastward from Moose Creek to the head of Knob Creek.  Its northern extent 
is limited by the Castle Mountain fault.  The southern boundary of the district is generally masked 
by glacial gravel, but lies a few miles north of the Glenn Highway.  A more complete description of 
the geology of the Wishbone Hill Project area is contained in Chapter II of this permit application. 
 
3.1.3  General Stratigraphy 
 
The regional geologic/stratigraphic characteristics of the area are discussed in detail in Chapter II of 
this permit application.  For the purpose of this section on overburden characterization, only a brief 
summary of the major regional stratigraphic units is given.  
 
The predominant overburden units are of the tertiary Chickaloon Formation.  Overlying units in 
ascending order, consist of Glacial Gravel, Tsadaka Conglomerate or Wishbone Hill Conglomerate. 
 The general stratigraphy is briefly described in the following paragraphs.  Geological cross-
sections (Plates II-4 through II-10 in Chapter II, Geology) for the proposed mined area provide 
additional information regarding the stratigraphy of the permit area. 
 
 3.1.3.1  Glacial Gravel 
 
Glacial deposits of various types and thicknesses cover nearly the entire district.  At most points the 
bedrock is concealed by a mantle of poorly sorted mixture of clay, sand, gravel, and boulders.  This 
mantle ranges from zero to over one hundred feet in thickness over the Wishbone Hill Project area. 
 
  
 







 
 


 


 III-15 WBH 2009 Update 


 


 3.1.3.2  Tsadaka Formation 
 
The Tsadaka Formation consists of poorly indurated coarse conglomerate characterized by boulders 
and cobbles of granite and diorite in a matrix of granitic debris.   
 
 3.1.3.3  Wishbone Hill Formation 
 
The Wishbone Hill Formation consists predominantly of conglomerate composed of pebbles, 
cobbles, and a few boulders in a sandy matrix but it also includes numerous lenticular beds of 
sandstone and silty claystone. 
 
 3.1.3.4  Chickaloon Formation 
 
The upper Chickaloon Formation contains the only known economic coal deposits.  Five coal 
groups are present and include the Jonesville, Premier, Midway, Eska, and the Burning Bed.  The 
predominant lithologic units found in the upper Chickaloon Formation are dark gray shale, 
carbonaceous black shale, gray claystone, bone, thick coal zones, gray siltstone, tan and light gray 
fine- to coarse-grain sandstone, and pebble conglomerate.  Siderite (ironstone) and calcium 
carbonate concretions are common within every lithologic unit. 
 
3.2  Overburden Characteristics 
 
Section 2.4 described the general data groupings which include lithologic, drill hole, and 
overburden/interburden units.  Each of these specific groups are described in further detail in the 
following sections. 
 
3.2.1  Lithologic Characterization 
 
Before detailed evaluation could be performed on the geochemical data, distinct groups of data had 
to be defined.  The most obvious distinctions of groups of similar data are the various lithologic 
units. 
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This evaluation resulted in a total of six (6) major lithologic groups which include: 
• Glacial Gravel 
• Tsadaka Conglomerate 
• Wishbone Hill Conglomerate 
• Chickaloon Claystones and Shales 
• Chickaloon Siltstones 
• Chickaloon Sandstones 


 
Some of the drill hole sample intervals for the rotary drilled holes (chip samples) contained more 
than one of the major lithologic units.  In order to evaluate lithologic and geochemical 
characteristics, it was necessary to remove from consideration the sampling intervals that contained 
more than one lithologic unit.  This helped eliminate complexities caused by the differing chemical 
characteristics of separate lithologies. 
 
Using this approach, a total of 3983.1 feet of drill hole lithologies were derived from the Wishbone 
Hill data base and were used to determine the six major lithotypes.  The percent of the overburden 
samples that these represent is presented in Table 3-3.  Their sampling percentage is depicted 
graphically in Figure 3-2.  This total does not include twenty three sampled intervals with mixed 
lithologic units.  However, included in the total are eight sample intervals of coal, one of bone and 
one other interval was composed of ironstone.  These minor inclusions (coal, bone and ironstone) 
are not considered major lithologic units.  
 
Geochemical summary statistics for each of the major lithologic units are given in Table 3-4.  
Complete statistical evaluations, which included minimum, maximum, mean, standard  
deviation, and number of observations, are included in Appendix D-2.  The general lithologic 
percentages and geochemical characteristics of the six major lithotypes are discussed in detail in the 
following sections. 
 
 3.2.1.1  Glacial Gravel 
 
Glacial gravel occurs throughout the project area with depths ranging from 0 to over 100 feet.  
Glacial gravel comprise approximately 18 % of the overburden materials sampled (Table 3.3).  
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These materials are located below the topsoil and above all other overburden units. 
 
Geochemically, this lithotype is very distinct from the others.  The materials are coarse grained 
(82.2 % sand) and contain the lowest calcium carbonate percentage (0.28 %) of all the overburden 
lithotypes.  Because of this low percentage of calcium carbonate, the glacial gravel also typically 
have the lowest acid-base potential (2.3).  When compared to other lithotypes (Table 3.4), these 
materials also contain the lowest mean pH (8.0), EC (0.5 mmhos/cm) and SAR (5.66) values.  
Mean nitrate-nitrogen (1.4 mg/kg), boron (0.25 mg/kg) and selenium (<0.01 mg/kg) are all well 
below established suitability criteria.   
 
 3.2.1.2  Tsadaka Conglomerate 
 
The Tsadaka Conglomerate underlies the glacial gravel in some of the project area and comprises 
2.3 % of the overburden material sampled.  This conglomerate contains coarse (74.0 % sand) 
grained materials and exhibits the second lowest EC (1.0 mmhos/cm) and SAR (13.7) values.  The 
mean pH value is higher than in the glacial gravel (8.8) but still within the suitable range.  These 
materials contain the lowest nitrate-nitrogen (0.9 mg/kg) and boron (0.21 mg/kg) values.  Selenium 
values (<0.01 mg/kg) are below detection for most of the sampled intervals.  The mean calcium 
carbonate percentage is 2.0 % with a resultant high ABP (19.6). 
 
 3.2.1.3  Wishbone Hill Conglomerate 
 
The Wishbone Conglomerate also underlies the glacial gravel in certain areas within the project 
areas and comprises 7.0 % of the overburden materials sampled.  This conglomerate exhibits 
relatively fine grained material (53.1 % clay).  The pH (8.7) and EC (1.3 mmhos/cm) are within 
suitable limits.  These materials contain the highest nitrate-nitrogen (3.0 mg/kg) and extractable 
boron (0.50 mg/kg) values of all major lithologic units but these values are still well within 
suitability guidelines.  Mean selenium values are 0.10 mg/kg.  Only SAR values (41.4) exceed the 
suitability criteria listed in Table 3-2.  These apparently high SAR values are discussed in more 
detail in Section 4.1 (Overburden/Interburden Suitability). 
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 3.2.1.4  Chickaloon Shales and Claystone 
 
The vast majority of the overburden within the project area is shale material from the Chickaloon 
Formation.  These shale and claystone lithologic units comprise 37.7% of the Wishbone Hill 
overburden material sampled.  Geochemically, these materials are similar in composition (pH, EC, 
nitrate-nitrogen, and boron) to the sandstones and siltstones.  The mean pH is 8.8, EC is 1.5 
mmhos/cm, nitrate-nitrogen value is 1.7 mg/kg, and the extractable boron is 0.33 mg/kg.  All these 
values are within the suitability values listed in Table 3-2.  Extractable selenium is 0.09 mg/kg and 
the calcium carbonate is 1.69 %.  The ABP is 15.2 tons CaCO3/1000 tons which demonstrates the 
high neutralization capacity of these materials.  Sodium absorption ration (SAR) values are 
relatively high (34.1) and are discussed in more detail in Section 4.1. 
 
  
 3.2.1.5  Chickaloon Siltstone 
 
Siltstones from the Chickaloon Formation comprise approximately fourteen (14.7%) percent of the 
overburden materials sampled.  These materials contain a relatively high apparent SAR value 
(34.1).  All other parameters; pH (8.6), EC (1.5 mmhos/cm), nitrate-nitrogen (1.4 mg/kg) boron 
(0.35 mg/kg), selenium (0.14 mg/kg), and ABP (25.0 tons CaCO3/1000 tons) are all well within 
suitability limits.   
 
 3.2.1.6  Chickaloon Sandstone 
 
Sandstones comprise approximately nineteen percent (19.4%) of the overburden materials sampled. 
 As discussed above, these materials are geochemically similar to the shales and siltstones.  The 
mean values are:  pH (9.0), EC (1.2 mmhos/cm), nitrate-nitrogen (1.1 mg/kg), boron (0.33 mg/kg), 
and selenium (0.13 mg/kg).  These materials contain the highest calcium carbonate percentage 
(3.08%) and a resultant high ABP (30.1 tons CaCO3/1000 tons)  These materials contain a 
relatively high SAR (31.8) value.   
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3.2.2  Drill Hole Characterization 
 
Thirteen drill holes were utilized for geochemical characterizations.  These drill holes included 
three core holes (PB-60, PB-92, and PB-105) and ten rotary (chip sample) drilled holes (PB-69A, 
PB-74, PB-80, PB-84, PB-85, PB-87, PB-101, PB-107, PB-108 and PB-109).  There are  no federal 
regulations regarding drill hole intensity.  However, a number of state regulatory programs have set 
minimum requirements for drill hole coverage.  Drill hole coverage in the western United States 
ranges from a minimum  coverage of 1 hole/640 acres to a maximum of 1 hole/40 acres.  Colorado 
has the minimum standard of 1 hole/640 acres (three hole minimum) followed by New Mexico 
with 1 hole/150 acres.  The most intense drill hole coverage in the United States is 1 hole/40 acres 
which includes the states of Montana, North Dakota and Wyoming. 
 
Within the Wishbone Hill Mine area 1, a total of 6 drill holes have been utilized for geochemcial 
characterizations.  The approximate area of  Mine Area 1 is 81 acres which brings the drill hole 
intensity to 1 hole/13.5 acres.  A total of 7 drill holes have been used for geochemcial 
characterization in Mine Area 2.  The approximate area of Mine Area 2 is 251 acres bringing the 
coverage to 1 hole/35.8 acres. 
 
Both mine areas have drill hole intensities greater than those recommended by all regulatory 
agencies (state and federal).  In addition, a significant number of drill holes with lithologic and 
geophysical logs are also within the limits of Mine Areas 1 and 2.  Results from these drill holes 
indicate that the lithologies are relatively consistent throughout the overburden/interburden 
materials.  Thus the approximate 150 drill holes with lithologic and geophysical descriptions 
provide sufficient documentation and predictability of the geological characteristics of the 
overburden materials. 
 
The lithologic characterization of each of these drill holes is graphically shown in Figure 3-3 
through 3-5.  Geochemistry summary statistics are given in Appendix D-1.   
 
3.2.3  Overburden/Interburden Units Characterization 
 
All major overburden/interburden units that will be disposed of as spoil have been sampled.  Plate 
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II-3 in Chapter II  identifies the location of the thirteen (13) drill holes which were sampled and 
analyzed for geochemical characterization.  These drill holes represent all major lithologic units 
located within the overburden and interburden.  Table 3-5 gives the general overburden/interburden 
grouping of each of these drill holes.  Figure 3-6 graphically displays the stratigraphic coverage of 
these drill holes in relationship to the various overburden/interburden units. 
 
The focus of this overburden/interburden assessment is to correlate the average lithologic and 
geochemical attributes of the major overburden/interburden units located within the project area.   
The nine (9) major overburden/interburden units that were identified are listed below: 


• Glacial Gravel 
• Tsadaka Conglomerate 
• Wishbone Conglomerate 
• Jonesville 
• Premier 
• Midway 
• Eska  
• Sub Eska 
• Burning Bed 


 
Each of these overburden/interburden units are discussed in detail in the following sections.  The 
lithologic composition of six overburden/interburden units is shown in Figure 3-7.  The lithologic 
composition of glacial gravel, Wishbone Conglomerate and Tsadaka Conglomerate are 100% and 
are not shown in Figure 3-7.  Geochemical summary statistics are given in Table 3-6 for all but 
glacial gravel, Wishbone Hill Conglomerate and Tsadaka Conglomerate which are located in Table 
3-4. 
 
 3.2.3.1  Glacial Gravel 
 
The discussion on glacial gravel is contained in Section 3.2.1.1 above. 
 
 3.2.3.2  Tsadaka Conglomerate 
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The discussion on Tsadaka Conglomerate is contained in Section 3.2.1.2 above. 
 
 3.2.3.3  Wishbone Hill Conglomerate 
 
The discussion on Wishbone Hill conglomerate is contained in Section 3.2.1.3 above. 
 
 3.2.3.4  Jonesville 
 
The overburden material over the Jonesville Coal Group was penetrated by drill hole PB-60.   The 
Jonesville overburden material consists primarily of coarse grained material (62% sandstone).  
Geochemically, the Jonesville overburden contains the lowest pH (8.0), EC (0.7 mmhos/cm),  SAR 
(4.48), and boron (0.27 mg/kg) of all the overburden/interburden units.  Nitrate-nitrogen (1.0 
mg/kg), selenium (0.11 mg/kg) and ABP (22.5 tons CaCO3/1000 tons) are all within suitability 
limits.   
 
 3.2.3.5  Premier 
 
The Premier overburden material was characterized geochemically by samples from drill holes PB-
80, PB-85, PB-101, PB-105, PB-107, PB-108 and PB-109.  This unit represents the largest 
component of overburden to be removed during the mining process (Chapter II and Section D of 
the Mine Permit Application). 
 
The Premier overburden material is characterized by an approximate equal mixture of shale 
(33.2%), siltstone (28.1) and sandstone (38.7).  Geochemically, the Premier overburden has higher 
pH (8.6), EC (1.2 mmhos/cm) and SAR (24.6) values than the Jonesville overburden.  Boron (0.36 
mg/kg), selenium (0.07 mg/kg), nitrate-nitrogen (1.5 mg/kg) and ABP (23.7 tons CaCO3/1000 
tons) are all within suitability levels.  A trend of increasing SAR with depth of the stratigraphic 
units becomes apparent when comparing the data presented in Table 3-6.  This trend is graphically 
displayed in Figure 3-8 and holds true for all the remaining overburden/interburden units. 
 
 3.2.3.6  Midway 
The materials between the Premier and Midway Coal Groups are classified as Midway overburden. 
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 These overburden materials are characterized geochemically by samples from drill holes PB-69A, 
PB-80, PB-85, PB-101 and PB-105.  The predominant lithotype of this overburden/interburden unit 
is shale (87 %).   
 
Geochemically these materials are higher in SAR (34.8) than the glacial gravel, Jonesville or 
Premier overburdens (Figure 3-8).  The pH value (8.4) is within suitable levels.  Although the value 
for SAR exceeds the suitability guidelines listed in Table 3-2, impacts to reclamation are not 
anticipated.  This is discussed in more detail in Section 4.1.  All other values including pH, EC (1.5 
mmhos/cm), nitrate-nitrogen (0.3 mg/kg), boron (0.33 mg/kg) selenium (0.05 mg/kg) and ABP 
(22.3 tons CaCO3/1000 tons) are all within suitability levels. 
 3.2.3.7  Eska  
 
The Eska overburden materials are characterized by drill holes PB-69A and PB-74.  This 
overburden contains a high percentage of fine grained materials (78% shale).  Geochemically, these 
materials exhibits increased pH (9.2) and SAR (48.9) over the stratigraphically higher materials.  
These values fall outside the fair range of suitability listed in Table 3-2.  All other chemical 
parameters are well within suitable levels. 
 
 3.2.3.8  Sub Eska 
 
Drill holes PB-69A and PB-74 include materials from above the Sub Eska Coal Group.  The trend 
of increasing fine grained materials changes between the Eska and Sub Eska Coal Groups.  This 
material exhibits a higher percentage of coarse textured material (28% sandstone) than either the 
Eska or Midway overburden units.  Geochemically, the trend of increasing SAR (64.5) continues 
and the pH value is still relatively high (8.9).  All other chemical parameters are well within suitable 
ranges.  
 
 3.2.3.9  Burning Bed 
 
The Burning Bed overburden materials are characterized by drill hole PB-92.  In addition, the 
interval from directly below the lowest coal seam to be mined (391.0 to 391.5 feet) was also 
sampled and submitted for laboratory analyses in response to the Divisions requirements.  The 
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Burning Bed overburden consists of increasing coarse grained materials (33% sandstone) with 45% 
siltstone and 8% claystone.  The trend of increasing SAR (70.4) continues with a corresponding 
high pH (9.1).  All other chemical parameters are within suitability guidelines. 
 
3.3  Coal Chemistry 
 
Sulfur analysis is often required for high sulfur coals in humid climatic settings where acid 
production is an issue.  Although this is not a concern for Wishbone Hill coals, sulfur analyses have 
been included to satisfy the Division's requirements.  The coal groups within the overburden 
typically contain less than 0.5 percent sulfur with an average value of 0.31%.  Several reports in the 
literature also document the low sulfur percentages of the Wishbone Hill coals (Rao and Wolff, 
1980; Barnes, 1967; Barnes and Payne, 1956; Barnes and Ford, 1952). 
 
Thirty samples of coal representing six separate drill holes (PB-2A, PB-12A, PB-19, PB-23, PB-24, 
and PB-27) were submitted for chemical analyses for sulfur fractionation.  The results are presented 
in Table 3-7 and demonstrate that pyritic sulfur is present in relatively low percentages (12.7%) 
compared to the organic sulfur fraction (87.3%).  Therefore, acid production potential is extremely 
low.  This is supported by both the overburden geochemical data for ABP (Section 3.2) and the coal 
slurry water pH (Section 3.4).  Acid production from coaly materials is not anticipated within the 
Wishbone Hill project area. 
 
3.4  Coal Slurry Chemistry 
 
The overburden materials found within the Premier Coal Group (shale partings) received additional 
geochemical characterization.  These materials were subjected to coal washing procedures which 
are described in more detail in Part D (Operation and Reclamation Plan) of the Permit Application. 
 During the coal washing procedure a sample of the slurry was obtained for chemical analyses.  The 
fresh (unprocessed) water utilized in the process was also analyzed to determine incoming water 
quality.  Throughout the process, the coal slurry pH was monitored and ranged from 8.3 to 8.8.  
This also demonstrates the relatively high buffering capacity (low acid production) of these 
materials. 
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The chemical results were evaluated for potential acid and toxic-forming materials which may 
impact reclamation.  The summary results of the coal slurry chemical analyses are included in Table 
3-8.  These results indicate that acid and toxic-forming materials are not present in the parting 
materials within the Premier Coal Group.  The complete chemical analyses for the coal slurry is 
located in Appendix B-3. 
 
3.5  Coal Refuse (Parting) Chemistry 
The coal parting materials were also subjected to geochemical analyses, following the coal washing 
procedure, which included both the standard overburden chemical parameters and total elemental 
analysis.  The specific coal washing process is outline in more detail in Part D (Operation and 
Reclamation Plans) of the Permit Application.  The purpose of the coarse and spiral refuse chemical 
analysis was to further define the geochemical characteristics of the overburden materials.  
Emphasis was placed on the identification of acid- and toxic-forming materials which may impact 
reclamation.   
 
These refuse materials were subjected to the same chemical parameters and analytical methods 
outline for the overburden in Section 2.3.1 and 2.3.2, respectively.  The summary results are 
provided in Table 3-9.  Appendix B-2 contains the standard overburden chemical analyses while 
Appendix B-4 contains total elemental analyses of the coal refuse (parting) materials. 
 
The results of the coarse refuse chemical analyses indicates that these materials do not contain acid 
or toxic-forming materials, and therefore, will not impact either surface reclamation or post-mining 
ground water quality. 
 
4.0  FINDINGS AND CONCLUSIONS 
 
The overburden of the proposed Wishbone Hill Permit area has been described down to and 
including the stratum immediately below the lowest coal seam (Burning Bed) to be mined.  This 
description includes the lithologic and geochemical characteristics of each overburden/interburden 
stratum in addition to chemical analyses of the coal.  Particular emphasis was placed on the 
identification of acid-forming and toxic-forming zones or strata, and on those overburden 
geochemical characteristics important to reclamation. 
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4.1  


• Plant Root Zone Suitability 


Overburden/Interburden Suitability 
 
All overburden/interburden materials have been sampled.  The geochemical results have been 
evaluated according to the suitability criteria outline in Section 2.5 (Suitability Criteria).  These 
criteria represent chemical parameters which identify acid- and toxic-forming materials.  In 
addition, the overburden materials were also assessed for their suitability for a variety of other 
important reclamation concerns including: 


• Vegetative Forage Quality 
• Backfill Water Quality 


The results of the overburden/interburden suitability criteria screening are discussed in the 
following sections. 
 
4.1.1  Acid- and Toxic-Forming Materials 
 
No acid- and/or toxic-forming materials were identified within the overburden with the exception 
of the 70.0 to 80.0 foot interval of drill hole PB-69A.  This interval contained an acid base potential 
(ABP) of -10.22.  This interval also contained 55 percent coal material (Appendix B-1, Overburden 
Chemical Data) which contributed a significant amount of organic sulfur to the total sulfur 
percentage.  The calculation of ABP utilizes pyritic sulfur content of the sample for determination 
of the acid producing potential.  The organic sulfur fraction is not considered to be acid forming.  
Therefore, the negative ABP (-10.22) for the 70-80 foot interval of PB-69A is an overestimation of 
the actual acid producing potential.  In addition, the surrounding intervals 60-70 and 80-90 have 
more than sufficient buffering capacity (4.88 and 12.34 ABP, respectively) to neutralize any acid 
produced by this isolated interval. 
 
The results of ABP for all other overburden/interburden units indicate a significant neutralization 
capacity.  Mean values for ABP range from 9.38 to 31.29 (Appendix D-1, Drill Hole Geochemical 
Summary Statistics).  These data indicate that there is sufficient high buffering capacity (9.38 to 
31.29 tons of calcium carbonate/1000 tons of material) to neutralize any potential acid production 
from the overburden/interburden units.  In addition, results from baseline groundwater monitoring 
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and historical mining in this district all indicate that acid- and toxic forming materials are not of 
concern.  Therefore, no impacts from acid-forming materials are anticipated for surface 
reclamation, surface water or groundwater systems. 
 
 
4.1.2  Plant Root Zone suitability 
 
Chemical parameters which typically produce root zones which are not suitable for plant growth 
include pH, EC, boron, selenium, and SAR.  Electrical conductivity (EC) and boron values are all 
well below levels expected of producing unsuitable root zones.  The highest EC value reported for 
all overburden/interburden materials was 3.5 mmhos/cm (PB-69A) which is well within the 
suitability limits.  High boron values (> 5.0 mg/kg) can be phytotoxic to certain agronomic plant 
species.  The highest boron value reported for the overburden/interburden materials was 0.85 mg/kg 
which occurred in drill hole PB-105.  The highest reported selenium value (0.39 mg/kg) occurred in 
drill hole PB-92 which is below the suggested suitable value listed in Table 3-2.   
 
High pH and SAR values were observed in some overburden/interburden materials.  High pH and 
high SAR are not considered indicative of toxic conditions.  High pH values are indicative of a 
potential sodic condition which impacts the physical characteristics of the root zone material.  The 
geochemical data supports the conclusion that high pH and high SAR values will not impact 
reclamation which is discussed in the following paragraphs. 
 
The equation for calculation of SAR is given below: 
 SAR =     Na    
     √ 


A relatively low amount of calcium (Ca) and magnesium (Mg) can result in high SAR value.  Upon 
closer inspection of the overburden data it appears that the relatively high SAR values are caused, 
not by excessive sodium but, by a relatively low concentration of other soluble cations (calcium and 
magnesium).  For instance, the highest reported SAR value (105.4) came from interval 210 to 220 
in drill hole PB-74.  The high SAR is a result of low calcium (0.04 meq/l) and magnesium (0.01 
meq/l).  The soluble sodium (16.6 meq/l) is relatively high compared to the calcium and 


Ca + Mg 
 2 







 
 


 


 III-27 WBH 2009 Update 


 


magnesium values, but this material does not exhibit an overall salt problem as demonstrated by the 
EC (1.5 mmhos/cm).   
 
It should be pointed out that the applicability of western soil and overburden suitability criteria for 
sodicity (SAR) may not be directly applicable to Alaska.  High SAR overburden materials are 
common to many western mining operations.  These areas are typically low in precipitation and 
have an abundance of bentonitic or 2:1 type swelling clay materials. 
 
Although some of the overburden materials do exhibit elevated SAR values, these materials are not 
expected to impact reclamation efforts.  Reasons for a reduced severity for the high SAR material 
include: 


• Climatic conditions 
• Large volumes of lower SAR overburden materials 
• Significant volumes of non-swelling material 
• Mixing will reduce the high SAR values 
• Weathering will result in lowering of SAR values 
• No infiltration problems exist within the high SAR overburden 


 
The climatic conditions (low evaporation) in the Wishbone Hill area are not indicative of those 
conditions which result in upward migration of sodium as seen in many western states. 
 
Based on the sampling that was done, only a small portion of the overburden materials exhibit 
excessively high SAR values and have the potential to exhibit expansive characteristics.  The 
majority of the overburden to be mined is of lower SAR (glacial gravel, Jonesville) and has only 
limited amounts of 2:1 type clays (Premier).   
 
The Premier overburden units comprise the greatest volume of overburden to be removed by 
mining.   Within these units, only 33.2 percent is shale material capable of exhibiting expansive 2:1 
type clay mineralogy.  Based on saturation percentage data, very little of this materials has the 
potential to exhibit expansive properties as explained below. 
 
Because saturation percentage is an excellent practical indicator of one of the most important 
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physical manifestations of sodic hazard, soil swelling, it should be used along with SAR to assess 
sodic hazard (Merrill et al 1987).  A saturation percentage of 80 to 95 should be used as an 
indicator for swelling tendency associated with sodic hazard.  Carlstrom et al (1987) recommend 
that a saturation percentage equal to or greater than 90 be used to screen for materials that may 
contain reactive (expansive) clays.  Only 9.2% of the Premier shale materials (8 of 87 samples) 
exhibits saturation percentages of equal to or greater than 90.  Therefore, the total amount of 
Premier overburden materials that have the potential for expansive problems is very limited. 
 
No bentonite was identified during the drilling and logging activities.  In addition, the saturation 
percentage values of the overburden materials are relatively low compared to saturation percents 
typical for bentonite (> 100%).  The mineralogical analyses (Appendix B-5) indicate that some 
minor amounts of smectite type clays do exist in five of the high SAR samples.  However, the 
majority is kaolinite which is a non-swelling type clay. 
 
Infiltration rates were conducted as part of the hydrological investigations.  The slowest infiltration 
rates for the overburden materials ranged from 10-2 to 10-4 cm/sec which demonstrates rapid 
infiltration and the lack of bentonitic type materials.   
 
The lowest stratigraphic overburden/interburden unit (Burning Bed) exhibits the highest SAR 
values but are primarily sandstones (54%) as demonstrated by the lithologic percentages.  High 
SAR values will not cause adverse growth conditions when the textural material is sand or silt or 
when the material is a non-swelling clay.  Although the Midway, Eska, and Sub-Eska overburden 
materials do contain high percentages of shale (87%, 78% and 72%, respectively) only minor 
occurrences of saturation percentages exceed 100% occur in these materials.  Therefore, bentonite 
and bentonitic type materials (swelling 2:1 clays) are present in only limited amounts.   
 
Recent mixing studies conducted with truck/shovel operations in Wyoming demonstrate that 
mixing occurs to a much greater extent that originally anticipated (more than 20%).  Although 
small volumes of excessively high SAR materials do exist, the mixing that occurs with normal 
truck/shovel mining is expected to reduce high SAR values to more suitable levels. 
 
Although some overburden materials do exhibit a high pH and SAR, these values will decrease 
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with time due to solubilization of calcite (calcium carbonate) which occurs within the majority of 
the overburden materials.   
 
In addition to the points presented above, the post-mining land use is primarily wildlife habitat with 
shrub utilization for moose browse.  Shrubs like a more basic soil condition and would benefit from 
a more basic soil condition.   
 
High pH spoil material has been reported for this coal district.  A revegetation demonstration area 
was established at the abandoned Omlin Strip Mine Pit which is located within the Wishbone Hill 
project area.  Reclamation efforts do not appear to be significantly affected by high pH and SAR 
spoils, based on the observations on these reclaimed spoils and previous reclamation work in this 
coal district (Mitchell et al 1980). 
 
The problem with revegetation of high SAR materials is not one of toxicity but rather a physical 
problem associated with a lack of water infiltration.  If water can infiltrate into high SAR materials 
revegetation can be easily accomplished.  For instance, excellent revegetation has been 
accomplished on raw, abandoned bentonite mine spoils in Wyoming.  These raw spoils are 
typically high pH 9.0-10.5), have very high saturation percentages (> 100%) and have SAR values 
exceeding 100.  Successful reclamation was easily accomplished by simply applying wood chips 
and nitrogen fertilizer (Smith, 1984; Schuman et al 1984).  The wood chips break up the surface 
and allow water to infiltrate while the fertilizer creates a better balance of the carbon:nitrogen ratio. 
 
The overburden materials should not hamper revegetation efforts at the Wishbone Hill mine site 
due to the coarse textured nature of the overburden coupled with the low evaporation of the area 
and the lack of bentonitic or 2:1 type swelling clay materials.  The reapplication of topsoil material 
will further enhance the reestablishment of native vegetation. 
 
4.1.3  Vegetative Forage Materials Quality 
 
No overburden/interburden materials were identified which could produce vegetation toxic to 
wildlife and/or livestock.  Geochemical results indicate that average selenium values are well below 
levels expected of producing toxic vegetation.  In addition, the environmental conditions 
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(precipitation) present within the Wishbone Hill project area are not conducive to producing 
selenium toxic vegetation.  No occurrences of selenium toxicity have been reported for Alaska.  
 
4.1.4  Backfill Water Quality 
 
Those parameters which typically impact water quality at surface coal mines include low pH, low 
ABP, EC, selenium and nitrates.  All of these parameters are well below levels suspected of 
producing environmental impacts to post mining water quality.  The highest reported nitrate-
nitrogen value (11.0 mg/kg for drill hole PB-84) is well below values expected of producing water 
quality impacts from mining. 
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1.0  INTRODUCTION 
 
This report presents hydrogeological characterization and baseline monitoring information in and 
near the proposed Permit Area of the Wishbone Hill Coal Project.  The proposed Permit Area is 
located approximately seven miles north of Palmer, Alaska, as shown in Figure 1-1.  Baseline 
information presented in this report includes a discussion of the regional hydrogeologic framework, 
a description of the investigations conducted to characterize the baseline hydrogeology of the 
proposed Permit Area, and data related to groundwater flow directions, hydraulic parameters, 
recharge/discharge conditions and groundwater quality. 
 
Hydrogeological investigations at the proposed Permit Area were started in August 1988.  This 
report includes the results of four quarterly groundwater quality sampling rounds that were 
conducted during the baseline monitoring period from August 1988 to July 1989.  It incorporates 
water level and piezometric head data from monitoring wells and piezometers that were collected 
during the period of August 1988 to June 1990.  Monitoring programs will be continued throughout 
the mining and post-mining phases of the operation as described in Part D, Section 15.0. 
 
The baseline monitoring program described in this report was developed to provide information in 
support of a surface mining permit application.  During the scoping, design and implementation of 
the hydrogeological characterization and baseline monitoring program, meetings were held with the 
Alaska Division of Mining (DOM) and the Division of Geological and Geophysical Surveys 
(DGGS) on June 13 and October 11, 1988.  The DGGS was retained by the DOM to act as a 
technical advisor on the hydrogeological investigations.  The scope of the hydrogeological 
characterization and baseline monitoring program reflects the comments and suggestions received 
from the agencies during these meetings. 
 
Quarterly groundwater sampling and the collection of water level and piezometric head data from 
monitoring wells and piezometers have been ongoing and initially continued though December 
1990.  In October 2008 these programs were reinitiated and are currently being maintained to 
expand the project’s site data base.  Addendum 1 provides a compilation of all the historical 
groundwater monitoring results obtained to date. 
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2.0  REGIONAL HYDROGEOLOGY 
 
2.1  


2.1.1  Igneous and Metamorphic Bedrock 
 
Igneous and highly metamorphosed rocks underlie the entire Cook Inlet Basin.  They are usually 
well consolidated, dense and frequently jointed and faulted.  They outcrop along the Talkeetna 
Mountain front some two miles north of the proposed Permit Area, plunge deeply and underlie the 
proposed Permit Area at great depth.  Hydraulic conductivity of the igneous and metamorphic 
bedrock is generally low except where secondary fractures or joints provide moderate permeability. 
 Well yields are nearly all less than 5 gpm.  As a result, these rocks do not constitute a significant 
groundwater aquifer. 
 


Hydrogeologic Units 
 
The proposed Permit Area is located on the Southeast side of the Talkeetna Mountains in the Cook 
Inlet Basin (Figure 1-1).  Groundwater conditions in the basin are summarized by Freethey and 
Scully (1980).  No previous investigations of groundwater conditions in or near the proposed 
Permit Area were found in the literature.  A detailed description of the geology in the area is 
provided in Part C, Chapter II.  Barnes and Payne (1956) provide a description of the coal geology 
and previous mining activities in the Wishbone Hill District, Matanuska Coal Field. 
 
The hydrogeologic units present in the region surrounding the proposed Permit Area include 
sedimentary, igneous and metamorphic bedrock, glacial sediments and alluvial deposits.  The 
general hydrogeologic characteristics of each of these units are summarized below based on 
Freethey and Scully (1980). 
 


2.1.2  Sedimentary Bedrock 
 
Sedimentary rocks include well to poorly consolidated arkose, graywacke, gravel conglomerate, 
sandstone, siltstone, shale, coal and limestone.  They form ridges, rounded hills and bluffs in the 
Matanuska Valley which lies between the Chugach and Talkeetna Mountains.  In and near the 
proposed Permit Area, Cretaceous sedimentary rocks are overlain by Tertiary clastic rocks 
including the Chickaloon Formation which contains the coal deposits, the Wishbone Formation and 
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the Tsadaka Formation.  The Tertiary deposits include siltstones, mudstones, sandstones, 
claystones, coal, and fine to coarse pebble conglomerates.  Hydraulic conductivity of the rocks is 
generally low, although some discontinuous layers of coarse-grained deposits may provide local 
areas of higher permeability. 
 
2.1.3  Glacial Sediments 
 
Quaternary glacial sediments consist of moraines and other unsorted glacial drift.  They are a 
heterogeneous blend of gravel, sand, silt and clay.  They typically occur in upland areas of basins, 
where bedrock may be at relatively shallow depth, and often form hummocky terrain with poorly 
developed surface drainage patterns.  In and near the proposed Permit Area, glacial sediments 
mantle sedimentary bedrock with typically 5 to over 100 feet of silt to well graded gravels.  
Permeability of the glacial sediments is highly variable and depends on the amount of fines.  This 
unit often supplies ample water for domestic use but supports few large-yield wells. 
 
2.1.4  Alluvial Deposits 
 
These deposits include Holocene flood plains, terraces, and alluvial fans consisting of well stratified 
silt, sand and gravel.  They generally form lenticular deposits along major streams such as the 
Matanuska River to the south of the proposed Permit Area.  Generally the permeability of these 
deposits is moderate to good and they provide adequate groundwater supplies to domestic wells.  
Some well yields greater than 1000 gpm have been reported.  Significant alluvial deposits in and 
near the proposed Permit Area have not been identified although some alluvium of limited depth 
and areal extent occurs along Moose Creek. 
 
2.2  


Based on Freethey and Scully (1980) the regional direction of groundwater flow is primarily 
controlled by topography.  Recharge occurs from infiltration of precipitation and seepage from 
surface streams and lakes.  Regional discharge occurs along the major river valleys and to the Cook 
Inlet.  The amount of recharge in the higher elevations, where bedrock units outcrop, is limited by 
the relatively low permeability of these units.  Freethey and Scully (1980) report infiltration into 
igneous, metamorphic and sedimentary bedrock to be poor to moderate.  Surface drainage is 


Groundwater Recharge and Flow 
 







 
 


 IV-4 WBH 2009 Update 


 


reported as good to very good.  Thus, most rainfall and snowmelt leaves the higher elevations as 
surface runoff rather than infiltrating into the bedrock units.  Recharge to bedrock is also limited by 
its low permeability in areas where it is overlain by glacial or alluvial deposits. 
 
Glacial and alluvial deposits are principally recharged from infiltration of rainfall and snowmelt.  
Along loosing reaches of rivers and streams, glacial and alluvial deposits are recharged by 
streamflow.  Relative stream gains and losses per mile of stream length are reported for four 
streams in the Cook Inlet Basin by Freethey and Scully (1980).  These include the Eagle River 
Meadow Creek, the North Fork of Campbell Creek, and Ship Creek.  Data from Moose Creek are 
not reported. 
 
Groundwater discharge from glacial and alluvial deposits occurs primarily along gaining reaches of 
rivers and streams.  Where glacial deposits mantle bedrock along ridges and highlands, they may 
also discharge vertically to the underlying bedrock (Freethey and Scully, 1980). 
 
3.0 SITE HYDROGEOLOGY INVESTIGATIONS AND MONITORING 
 
3.1 


1) The Chickaloon Formation, which is comprised of shale, claystone, siltstone, sandstone, 
coal and pebble conglomerate; 


Investigation Strategy 
 
Prior to field operations, the stratigraphy and regional hydrogeology of the proposed Wishbone Hill 
Mine site were reviewed to determine the important water-bearing units in and near the proposed 
Permit Area.  Two primary hydrogeologic units were identified for monitoring and characterization 
during the baseline hydrogeologic studies.   
 
The first major hydrogeologic unit is Tertiary sedimentary bedrock found in three formations 
including: 
 


 
2) The Wishbone Formation, which is comprised of pebble conglomerate, sandstone and 


siltstone, and; 
 


3) The Tsadaka Formation, which is comprised of pebble conglomerate, sandstone, siltstone, 
and silty carbonaceous shale. 
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The target coal beds are found in the upper portion of the Chickaloon Formation.  They include, 
from top to bottom, the Jonesville Group, the Premier Group and underlying Midway Seam, the 
Eska Group and the Burning Bed Group.  This hydrogeologic unit is important since it constitutes 
the bedrock aquifer within the proposed Permit Area. 
 
The sedimentary bedrock is overlain by Quaternary deposits that include glacial outwash, glacial 
drift, ice-marginal deposits, esker-kame terrace deposits, stream terrace gravels, alluvium, 
colluvium and aeolian loess.  These sediments constitute the second major hydrogeologic unit in 
the proposed Permit Area.  The Quaternary deposits consist of a wide variety of materials from 
clayey and silty sands to well graded gravels, and range from 0 to over 100 feet thick.  Where these 
materials are saturated they form the uppermost aquifer in the proposed Permit Area.  The recent 
alluvial channel deposits adjacent to Moose Creek are also included in this hydrogeologic unit.   
 
The baseline hydrogeologic investigation concentrated on these two major hydrogeologic units.  A 
field program that included installation of groundwater monitoring wells and piezometers, 
groundwater sampling, water level measurement, well testing, and surface seismic profiling was 
designed for the proposed Permit Area.  The locations of these various facilities and investigations 
are shown on Plate IV-1. 
 
The hydrogeologic investigations were conducted according to an overall strategy to characterize 
the hydrogeology of the proposed Permit Area.  The important components of this strategy 
included: 
 


• Six monitoring wells installed in bedrock to obtain representative water 
samples and water levels.  At least one well was installed in each of the 
major coal groups including the Burning Bed, Eska, Premier and Jonesville. 
 Construction data for the monitoring wells are provided in Table 3-1. 


 
• Two of the monitoring wells in bedrock were of sufficient diameter to 


conduct pump tests for the purpose of determining large-scale hydrogeologic 
characteristics in bedrock. The drawdown during the pump testing was 
monitored in the pumped well and surrounding piezometers. 


 
• Eleven monitoring wells were completed in the uppermost aquifer (i.e. 


glacial and alluvial sediments) for the purpose of measuring water levels and 
obtaining water samples.  These monitoring wells were located up-gradient 
and down-gradient of the proposed open pits, around the proposed slurry 
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pond location, and down-gradient of the old mine spoil piles located in the 
northwestern portion of the proposed Permit Area.  Construction data for the 
monitoring wells are provided in Table 3-1. 


 
• One of the monitoring wells in the alluvial sediments was of sufficient 


diameter to conduct a pump test for the purpose of determining large-scale 
hydrogeologic characteristics in alluvium adjacent to Moose Creek. 


 
• Two monitoring wells were installed in the area of the old Premier 


underground mine to evaluate groundwater conditions and quality in the old 
workings.  One of these wells was of sufficient diameter to conduct a pump 
test. 


 
• Thirty seven piezometers in thirteen drillholes were installed at suitable 


depths and locations to determine the potentiometric conditions in bedrock 
in the areas of the proposed open pit mine.  Piezometers were also located to 
provide monitoring during two pump tests that were conducted in bedrock.  
Construction data for the piezometers are provided in Table 3-2. 


 
 
3.2  


3.2.1  Monitoring Wells 
 
Exploration Drilling and Supply Co. and Denali Drilling of Anchorage, Alaska, were contracted by 
Idemitsu Alaska, Inc. to perform the drilling and well construction associated with the project in 
1988.  The contractors provided a variety of tire and track mounted auger and rotary drill rigs, 
compressors, and support equipment for the project.  The air rotary drilling rigs used air/water mist, 
or air/foam to assist in removing the cuttings from the borehole.  During drilling, soil and rock 
samples were obtained every five feet for examination, classification and sampling.  Drilling and 
well installation operations were carried out from August 10 to November 10, 1988.   All well 
completions were supervised by a hydrogeologist from Golder Associates Inc. 
 


Field Investigations 
 


A total of 17 groundwater monitoring wells were installed in the proposed Permit Area in 1988.  
The locations of the monitoring wells are shown on Plate IV-1.  The 11 groundwater monitoring 
wells completed in the alluvial or glacial sediments were drilled with a track-mounted auger drilling 
rig equipped with air rotary capabilities.  Once the borehole had been drilled to the proper depth, 2-
inch schedule 40 PVC flush coupled screen and casing were installed to the design depth.  







 
 


 IV-7 WBH 2009 Update 


 


Typically the wells were designed to penetrate 10 to 20 feet below the water table.  Where less than 
10 feet of saturated sediments was found, wells penetrated several feet into the bedrock.  A filter 
pack was constructed using Monterey #8 sand or equivalent, that was designed to allow a 
maximum 2 percent passing through an 0.020-inch opening.  The wells were constructed inside the 
hollow stem augers.  Auger flights were withdrawn as the filter pack and bentonite seal were 
installed.  The remainder of the annular space above the bentonite seal was grouted to the surface 
with a cement/bentonite grout.  A typical well completion in alluvial and glacial sediments is shown 
in Figure 3-1. 
 
Five of the six bedrock groundwater monitoring wells were constructed by drilling and driving steel 
casing with a top-head hammer air rotary drilling rig.  The casing was driven through the glacial 
sediments to the top of the bedrock or until refusal.  The boreholes were then advanced by air rotary 
to the final depth in the bedrock.  One well (H88-13) was drilled using a conventional rotary rig 
with air and foam.  Significant difficulties were encountered in drilling this hole and a 
biodegradable mud was eventually used to provide hole stability. 
 
Four of the bedrock monitoring wells were completed with 2-inch diameter schedule 80 PVC flush 
coupled casing and screen.  Two of the wells were completed with 5-inch diameter schedule 80 
PVC flush coupled casing and screen to allow adequate completed diameters for pump testing.  A 
typical pump test well completion is shown in Figure 3-2.  Once the PVC flush coupled casing and 
screen were installed, a filter pack was constructed using Monterey #8 sand or equivalent.  A 
bentonite seal was installed above the filter sand and the remainder of the annular space above the 
seal was grouted to the surface with a cement/bentonite grout.  Surface casing was withdrawn while 
the grout was tremied into the annular space. 
 
Completion details for each monitoring well are provided in Appendix A.  A summary of 
completion data is presented in Table 3-1. 
 
Monitoring wells were constructed with flush-joint threaded, schedule 40, nominal 2-inch diameter 
PVC pipe and well screen or flush-joint threaded, schedule 80, nominal 2-inch and 5-inch diameter 
PVC pipe and well screen.  The well screen was machine slotted with 0.020-inch width openings in 
six rows of 60 degree intervals around the screen with a minimum of 44 slots per foot.  The base of 
the well was fitted with a threaded PVC cap designed to withstand all installation and well 
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development pressures.  The drill rigs were used to set the string of PVC screen and riser pipe 
following drilling and cleaning of the borehole. 
 
The typical procedure for installing the monitoring wells is summarized below. 
 


• The well screen, bottom plug, well casing and centralizers were kept clean 
or cleaned as needed prior to installation in the borehole.  Workmen took 
precautions to ensure that no grease or other contaminants contacted the well 
construction material.  Workmen wore clean gloves while handling the 
screen and riser. 


 
• The male end of each joint was fitted with an o-ring gasket and joints were 


tightened by hand or with decontaminated chain wrenches.  Stainless steel 
centralizers were attached to the well screen at approximately 30-foot 
spacing so that the screen was centered in the borehole. 


 
• The well screen was lowered to the predetermined level and held in place. 


 
• The volume of Monterey #8 sand or equivalent sand that was computed to 


fill the annular space around the well screen to a depth of 3 to 5 feet above 
the well screen was carefully measured out and poured slowly into the 
annular space.  The exact levels of materials added were measured 
periodically with a weighted engineering tape. 


 
• A volume of 1/2-inch diameter bentonite pellets or course granulated 


bentonite to create a seal 3 to 5 feet thick was computed and carefully 
poured into the annular space.  If the seal was constructed above the water 
table, exactly five gallons of water per 50 pounds of bentonite pellets were 
poured into the annular space.  A weighted seal tamper was lowered down 
the borehole to tamp the pellets into a cohesive mass of clay. 


 
• The annular space was then sealed using a cement bentonite grout (2 to 5 


pounds of bentonite added per 90 pound sack of cement) that was pumped 
into the annulus using a side discharge tremie pipe.  The cement was mixed 
by hand in a large trough and was approved by the on-site hydrogeologist 
prior to use in the well.  The grout was injected continuously until it flowed 
out of the annular space at the surface.  The well was not disturbed for a 
minimum of 48 hours. 


 
• The PVC pipe was cut off 3 feet above the ground surface and a loose PVC 


slip cap was installed.  A steel protective monument was cemented into 
place and a protective lockable cover was installed.  A drain hole (1/4-inch 
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diameter) was drilled in the monument to permit water to drain out of the 
annular space.  A concrete protective pad was constructed around the 
monument. 


 
All wells were developed by airlifting or bailing following installation.  A track-mounted drill rig 
and separate track-mounted compressor were used in the airlifting process.  Typically, the airlifting 
was conducted over a 24-hour period by moving to a new well location at about noon each day, and 
airlifting the well during the afternoon and morning of the following day.  This allowed the well to 
recover overnight and allowed more water to be removed from the well.  Some shallow gravel 
monitoring wells were developed by using a stainless steel bailer.  The wells were repeatedly bailed 
and allowed to partially recover until relatively clear water was produced by the well.  Estimates of 
well yield were obtained during airlift development by diverting water into a small channel or pipe 
and measuring the flow rate using a bucket and watch.  Estimates of well yields varied from less 
than 1 gpm to over 5 gpm. 
 
In July 1989, Tester Drilling Company was contracted by Idemitsu Alaska, Inc. to drill and install 
two additional monitoring wells (H89-29, H89-30) into the old underground workings of the 
Premier Mine.  The wells were drilled and installed under the supervision of a geologist from 
McKinley Mining Company, Inc.  Development testing and water sampling was conducted under 
the supervision of a hydrogeologist from Golder Associates Inc. 
 
The two wells were drilled with an Odex drilling system using air.  In each hole an 8 inch diameter 
surface casing was installed.  Well H89-29 was drilled to a total depth of 204 feet and encountered 
mine voids and rubble zones over the depth interval from 177 to 201 feet.  A 5 inch diameter 
stainless steel screen with 0.050 slot size was installed.  The screen was wrapped in a filter fabric 
since gravel packing in the mine void was not feasible.  The screened interval was isolated using 
two formation packers and cement grout.  Well H89-30 was drilled to approximately 198 feet in 
depth and did not encounter mine voids.  The well probably intercepted a mine piller.  The well was 
completed as a 2-inch diameter monitor well using stainless steel screen and PVC casing.  
Completion details of H89-29 and H89-30 are provided in Appendix A. 
 
During drilling of these holes with air, water production was noted by the onsite geologist.  In hole 
H89-29, 100 to 120 gpm of water production was observed at a depth of 56.5 feet from the 
Chickaloon Formation.  In hole H89-30, 40 to 50 gpm of water was produced from the glacial 
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sediment/bedrock contact at a depth of 82.0 feet.  These high water production rates were 
anomalous when compared to the other wells installed at the site and may reflect increased 
permeability in this area as a result of structural features or the presence of the old mine workings. 
 
3.2.2  Piezometers 
 
A total of 37 pneumatic piezometers were installed in 1988 in 13 exploration core or rotary 
boreholes (1 to 4 piezometers per borehole).  The locations of the piezometers are shown in 
Plate IV-1. 
 
The design of each piezometer installation was determined on site after review of geologic and 
geophysical logs.  The generalized construction of the pneumatic piezometer boreholes is shown in 
Figure 3-3 and the specific piezometer completions and lithologic logs for each borehole are 
provided in Appendix B. 
 
A typical installation consisted of a SINCO two-tube pneumatic piezometer tip wrapped in a filter 
sock made of canvas filled with Monterey #8 filter sand.  The pneumatic tip assembly and lower 
section of hose were weighted with a 5-foot section of 5/8-inch steel rebar and lowered into the 
open borehole to the desired pre-measured depth.  Monterey #8 filter sand was placed around the 
tip.  Monitored bedrock intervals ranged from approximately 8 to 90 feet. Isolation of the monitored 
intervals was achieved by installing seals that ranged from 5 to 45 feet in thickness.  Below 200 
feet, seals were composed of cement and 5 percent powdered bentonite grout that was tremied into 
place and allowed to cure overnight.  Seals above 200 feet were installed using Barroid Hole Plug, a 
course granulated bentonite, that was hand poured and allowed to swell in place.  The remainder of 
the borehole was sealed with a grout mix of cement and 5 percent bentonite.  A minimum 7 feet of 
surface casing with a locking cap was cemented in place at each hole to protect against frost 
heaving and to protect the piezometer installation from vandalism. 
 
3.2.3  Seismic Survey 
 
Approximately 4700 lineal feet of seismic refraction profiling was conducted by Northland 
Geophysical Company in two locations in the proposed Permit Area from August 23-27, 1988.  The 
program consisted of a baseline profile (line S1) and one cross-profile (line S2) along the western 
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edge of Mine Area 1, and a baseline profile (line S3) and two cross-profiles (lines S5 and S6) along 
the northwestern portion of Mine area 2.  The locations of the profiles are shown in Plate IV-1.  
Northland Geophysical Company's report is included in Appendix G. 
 
The purpose of the seismic profiles was to determine the depth to Tertiary sedimentary bedrock in 
selected portions of the proposed mine areas.  The locations of the profiles represent areas where 
the proposed mine pits could extend into the Moose Creek Valley.  The profiles were conducted to 
determine the thickness and areal extent of the alluvial/glacial sediments in these areas in order to 
provide a basis for evaluating potential mine inflows and hydrologic impacts of mine development. 
 
All of the seismic lines were laid out with a geophone spacing of 25 feet resulting in a nominal 
spread of 575 feet.  The seismic refractions resulting from the explosive energy source were 
recorded by a 24-channel seismic system that consisted of two integrated 12-channel GeoMetrics 
digital seismographs.  Multiple shots were fired and recorded at each station to achieve reversed 
arrivals from the bedrock and a better definition of seismic velocities.  The end point locations of 
each seismic line were determined by survey crews contracted by Idemitsu Alaska, Inc. 
 
3.2.4  Hydraulic Head Measurement 
 
Hydraulic heads were measured in monitoring wells and piezometers to provide data on 
groundwater flow gradients in glacial/alluvial sediments and bedrock.  During the period from 
August to November 1988, head measurements were taken periodically during the field installation 
and testing activities.  This period represented the first quarter of baseline monitoring.  Head 
measurements during the second quarter were taken in February and March 1989.  Beginning in 
April 1989, monthly head measurements in wells and piezometers were initiated since this was the 
beginning of the period when recharge to groundwater from spring run-off could be expected to 
occur.  Monitoring on approximately a monthly interval was continued through October 1989, after 
which a quarterly monitoring interval was initiated and continued through June 1990. 
 
Water levels were measured in 2- and 5-inch monitoring wells by using a Solinst electric water 
level probe.  This probe consists of an electric water level sensor on a calibrated tape and was used 
to measure the depth to the standing water level in the well.  During pump testing of H88-15 and 16 
a Terra 8D automatic data acquisition system was used to measure water levels in the wells.  This 
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system utilizes an electric transducer to measure water pressure.  Measurements are stored in 
electronic memory and software is available to convert measurements to water levels.  Water levels 
were measured by an electric well probe during pump testing of well H89-29. 
 
Pneumatic piezometers were measured using a pneumatic readout unit.  This unit measures water 
pressures directly.  Pressures are converted to hydraulic head based upon the elevation of the 
piezometer tip. 
 
3.2.5  Monitoring Well Testing 
 
Most monitoring wells were hydraulically tested by slug testing methods following well 
development.  Slug testing provides a method of estimating the hydraulic conductivity and 
transmissivity of the screened interval in the well.  A Solinst water level tape and a Terra 8D data 
logger with an electronic pressure transducer were used to collect the recovery data.  The testing 
method involved measuring the static-water level in the well, calibrating the Terra 8D and then 
removing or introducing a slug of water and monitoring the recovery of the well to static water 
level.  Tap water from Palmer, stored in newly purchased plastic five-gallon containers, was used as 
slug water.  The slug tests were performed after the monitoring wells had been sampled so as not to 
affect laboratory analytical results. 
 
In addition to slug testing, two bedrock groundwater monitoring wells (H88-15 and H88-16) were 
pump tested in 1988 and well H89-29 completed into the old workings of the Premier Mine was 
tested in July 1989.  Pump test wells H88-15 and 16 were constructed of 5-inch PVC and were 
designed as part of a pump test cell that included nearby piezometers to measure drawdowns in the 
bedrock aquifer.  Well H89-29 was constructed with steel casing and was not part of a test cell 
including piezometers.  The lithology and construction logs of the pump testing wells are provided 
in Appendix A.  Wells H88-15 and 16 were screened across a large interval of sedimentary bedrock 
to allow testing of a representative section of strata that will contribute to pit inflows.  Well H89-29 
was screened in mine voids to determine groundwater conditions in the old workings. 
 
MW Drilling out of Anchorage, Alaska, was contracted by Golder Associates Inc. to perform the 
pump testing and related activities in 1988.  The wells were pumped using a submersible 2-hp 
pump powered by a gasoline-driven generator.  Water was discharged through a 1-inch galvanized 
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drop pipe, a flow meter, and multiple flow control valves.  A 75 foot discharge line carried the 
water away from the well site.  The water discharge rate was continuously monitored and adjusted 
when necessary to maintain constant flow rates during the tests. 
 
Pumping rates were chosen based on flow rates produced during the air lifting development, slug 
testing and initial short-term step-testing of the wells.  Water levels within the wells were 
continuously monitored by a Terra 8D data logger equipped with an electronic pressure transducer. 
 Piezometers were read periodically during pumping and recovery phases using a Petur pneumatic 
piezometer readout unit charged with nitrogen gas.  Drawdown and recovery data recorded during 
the pump test are presented in Appendix D. 
 
Pump testing equipment was initially set up on well H88-16 on November 10, 1988.  Pumping 
began at 1010 hrs. on November 11 at a rate of 4.5 gallons per minute (gpm) based on development 
estimates.  This rate turned out to be too high and the pump was stepped down to 2.8 gpm at 1152 
hrs.  The pump was turned off at 2017 hrs. on the 11th, and the well was monitored to recovery at 
1530 hrs. on the 12th.  A second pump test was started at 1200 hrs. on November 14 at a rate of 1 
gpm.  The pump was turned off at 0039 hrs. on the 15th.  The well recovered by 1112 hrs. on 
November 15. 
 
Pump testing equipment was set up on well H88-15 on November 15, 1988.  A step test of the well 
began at 1415 hrs. on November 15 at 2 gpm initially and then at 3 gpm after 1636 hrs.  The pump 
was turned off at 1751 hrs. on the 15th and allowed to recover overnight.  The second pump test 
began on November 16 at 1128 hrs. at a rate of 4 gpm that was maintained throughout the test.  The 
pump was shut down at 0021 hrs. on the 18th and the well recovered to within 3 feet of the static by 
1624 hrs. on the 18th. 
 
Groundwater monitoring well H88-14 was designed as a 5-inch diameter pump test well in the 
glacial/alluvial sediments adjacent to Moose Creek.  However, a combination of relatively low 
permeability materials in which the well was completed (i.e., saturated alluvial sediments were not 
encountered) and minimal saturated thickness made pumping in H88-14 unfeasible.  Instead, a slug 
test was conducted in H88-14.  Well H88-14 was replaced with well H88-14A which was located 
immediately adjacent to Moose Creek in alluvial sediments. 
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Pump testing in H89-29 was conducted by Tester Drilling under contract to Idemitsu Alaska Inc.  A 
submersible pump was set at a depth of approximately 200 feet below the top of casing on July 26, 
1989.  Development of the well was conducted for approximately 2 hours and clean water was 
produced almost immediately from the well.  The pump test in H89-29 was started at approximately 
0910 hours on July 27, 1989 and stopped at approximately 1355 hours on the same day.  The well 
was pumped at an average rate of 55 gpm and produced only 0.3 feet of drawdown.  Approximately 
19 hours after turning off the pump the water level had recovered only 0.1 feet to approximately 0.2 
feet of drawdown. 
 
3.2.6  Water Quality Sampling and Analysis 
 
The seventeen monitoring wells in alluvial/glacial sediments and bedrock installed in 1988 were 
sampled quarterly.  Quarterly sampling rounds were taken in November 1988, and February, 
May/June, and July 1989.  One round of water samples was collected from wells H89-29 and H89-
30 in July 1989.  The samples were collected, preserved on ice and then transported within 
approximately 24-hours to Inter-Mountain Laboratories, Inc. in Sheridan Wyoming for analysis.  A 
Quality Assurance Plan describing the sample acquisition, transportation and analysis procedures is 
presented in Appendix H. 
 
Samples were collected using a stainless steel bailer or a Hydrostar dedicated sampling pump.  
Dedicated Hydrostar pumps were installed in wells H88-10, 11, 12, 13, 15 and 16.  The Hydrostar 
sampling system used PVC riser pipe, a stainless steel pump and stainless steel sucker rods to 
produce non-aerated representative groundwater samples.  A pressurized air driven motor was used 
to power the pump for withdrawing the water during the November 1988 sampling round.  In 
February 1989, the air motor could not be used because of site access problems during winter.  A 
hand-powered pump was used instead.  In well H89-29, the water sample was taken during 
operation of the submersible pump. 
 
All wells were purged by extracting 2 to 5 times the saturated well volume to ensure that fresh, 
representative groundwater flowed into the well prior to sampling.  Approximately 3,500 ml of 
water in four labeled containers was collected from each well for laboratory analysis.  One of the 
two metal analysis samples was filtered through a 0.45 micron filter and preserved.  Water samples 
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for nutrient analysis were also preserved.  Additional samples were collected for field 
measurements and analysis. 
 
Water samples were analyzed for a comprehensive set of parameters as described in Appendix H.  
Field measurements were generally made at the time each sample was taken.  These measurements 
included pH, conductivity, alkalinity, dissolved oxygen and temperature.  In some instances, 
equipment problems caused by cold temperatures resulted in measurements being made after 
sampling (e.g. indoors) or, in the case of equipment failure, some field measurements could not be 
taken. 
 
3.3 


3.3.1  Hydraulic Head Data 
 


Results 
 


 


One well, H88-21, was completed in glacial sediments in Mine Area 1.  It had a maximum water 
level variation of 6.2 feet with the highest levels occurring in May and June and the lowest levels in 
the fall and winter. 
 


Monitoring Wells 
 
Water levels measured in monitoring wells through June 1990 are presented in Table 3-3.  These 
monitoring wells are completed in alluvial sediments adjacent to Moose Creek, in glacial sediments 
and in bedrock units.  Plots of water levels in monitoring wells are provided in Appendix E-1.  A 
discussion of water level variations is provided below. 
 
Wells H88-14A, H88-17 and H88-19 were completed in alluvial sediments adjacent to Moose 
Creek at the locations shown on Plate IV-1.  Well H88-14A had a maximum water level variation 
of 6 feet based on one high reading in April 1990.  Omitting this reading, the maximum variation of 
other readings was only 1.5 feet.  Wells H88-17 and H88-19 had variations of 1.3 and 1.5 feet, 
respectively.  Water levels in these alluvial wells are largely influenced by the level of Moose 
Creek.  Thus, higher levels in the wells occurred during periods of high streamflow such as during 
the spring runoff. 
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In Mine Area 2 wells H88-22, H88-27 and H88-28 were completed in glacial sediments.  The 
maximum variation in these wells was 6.4, 15.0 and 12.8 feet, respectively.  Seasonal fluctuations 
were observed with the highest water levels occurring in May to July and the lowest levels in fall 
and winter.  An exception to this was observed in H88-22 which had a minimum water level in 
April 1990. 
 
Wells H88-23, H88-24A and H88-25 were completed in glacial sediments near the proposed slurry 
pond.  (Well H88-23 may actually be completed in the upper portion of the Tsadaka Conglomerate 
or in re-worked Tsadaka sediments based on a color change noted in the drill log of this hole.)  
Wells H88-23 and H88-24A have similar hydrographs (see Appendix E-1) with water level 
variations of 19.8 and 12.0 feet, respectively.  The highest levels were measured in May and June 
1990 and the lowest in March 1989.  In general, seasonal fluctuations occur, with higher levels in 
May to July and lower levels in fall and winter.  Well H88-25 had a maximum variation of 11.5 feet 
with the highest levels generally occurring in May to August and lowest levels in fall and winter.  
However, this well did not respond to seasonal influences the same as the other two wells in the 
area.  In particular, H88-25 did not show the same increase in water levels in May and June 1990.  
This may be related to the lower hydraulic conductivity in well H88-25 compared to H88-24A as 
shown in Table 3-5. 
 
On the west side of Mine Area 1 wells H88-10, H88-29 and H88-30 were completed in bedrock at 
the locations shown in Plate IV-1.  Wells H88-10 and H88-30 were completed in the Premier coal.  
Well H88-29 was completed in mine voids from the old underground workings in the Premier coal. 
 Well H88-10, which is adjacent to Moose Creek, had a maximum water level variation of 16.3 feet 
with the highest levels occurring in May to July and the lowest levels in fall and winter.  The water 
levels in H88-10 ranged from approximately elevation 711 to 727 feet, whereas the elevation of 
Moose Creek near this well ranges from 755 to 765 feet.  Water levels in H88-29, which was 
completed in the old mine workings, varied 10.1 feet with the highest level measured in June 1990. 
 Water levels in H88-29 ranged from approximately 700 to 710 feet in elevation, which is well 
below the 750 to 760 elevation of the adjacent reach of Moose Creek.  Water levels in H88-30 
varied by 8.9 feet and ranged from approximately 716 to 725 feet in elevation with the highest level 
measured in January 1990.  The existence of the old mine workings is evidently affecting bedrock 
water levels in these three wells.  The observation that water levels in the old workings fluctuate 
seasonally indicates that groundwater contained in them must be discharging to an elevation below 
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700 feet.  It is possible that stratigraphic or structural features result in discharge of this 
groundwater along Moose Creek at points downstream of the proposed permit boundary, although 
no such features have been detected.  These water levels also serve to illustrate the poor hydraulic 
connection between Moose Creek and the underlying bedrock in the vicinity of the old workings. 
 
In the center of Mine Area 1 well H88-15 was completed over an approximately 200 foot interval 
of the Premier Group.  This well was used for pump testing of the strata that will contribute to mine 
inflow in Mine Area 1.  Water levels varied 11.2 feet in this well with the higher levels occurring in 
May and June and the lower levels in late summer, fall and winter.   
 
Four bedrock wells were completed in Mine Area 2.  Well H88-11 was completed in the Burning 
Bed coal.  It had a maximum variation in water level of 5.3 feet and showed no discernable 
seasonal fluctuations.  Well H88-12 was completed in the Eska coal and had a maximum variation 
in water level of 4.2 feet.  It also displayed no discernable seasonal fluctuations.  Well H88-13, 
completed in the Jonesville-Premier interbed material, had a maximum fluctuation of 12.2 feet 
based on one anomalously high measurement in August 1989.  Omitting this reading, the variation 
was only 3.8 feet with the highest levels occurring in May and June.  Well H88-16 is a pumping 
well completed across approximately 350 feet of steeply dipping beds in the Premier Group and 
Midway coal.  It displayed some apparent seasonal variation in 1990 with water levels increasing by 
several feet in May and June 1990. 
 
 Piezometers 
 
A summary of piezometric heads measured in pneumatic piezometers is presented in Table 3-4.  
Plots of piezometric heads from these piezometers are provided in Appendix E-2 and data are 
tabulated in Appendix E-3.  Maximum variations in piezometric heads within individual 
piezometers ranged from 8.9 to 68.6 feet with the vast majority of variations ranging between 9 and 
30 feet.  The highest heads in most piezometers occurred in May and June 1990.  Relatively high 
values were also measured in June and July 1989.  The lowest heads were generally measured in the 
period of September 1988 to April 1989 or in December 1989.  Thus, piezometric heads vary 
seasonally with highest levels occurring during spring runoff in May through July and the lowest 
heads occurring in fall and winter. 
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Some individual piezometers had larger head variations.  It is likely that these more variable head 
measurements are spurious readings caused by drilling, installation or instrument malfunction.  
Drilling and installation effects are caused by the introduction of drilling fluid and grout into the 
hole which will result in a disequilibrium between the hydraulic head in the borehole and that in the 
surrounding formation.  Several hours to days may be required for these effects to dissipate and 
hydraulic head equilibrium to be established between the piezometer and the surrounding 
formation.  Also, during the winter months, extremely cold temperatures may have resulted in 
malfunction of the pneumatic piezometers and read-out device (e.g. frozen water vapor in lines).   
 
3.3.2  Seismic Survey Data 
 
The seismic profiles conducted along lines S1 and S2 in Mine Area 1 and lines S3, S5 and S6 in 
Mine Area 2 (see Plate IV-1) encountered three major types of material based on seismic velocities. 
 The uppermost layer is defined by low seismic velocities and consists of soil, loess and loose 
sediments.  The second layer consists of unsaturated and saturated alluvial and glacial sediments 
defined by intermediate seismic velocities.  The third layer includes Tertiary sedimentary bedrock 
and is defined by relatively high seismic velocities. 
 
The seismic profile results for each line are discussed below.  Cross sections along each of the 
profile lines are presented in Appendix G and the location of each line is shown in Plate IV-1. 
 
Lines S1 and S2 were located along the west side of the proposed pit in Mine Area 1 where the 
proposed pit extends down into the Moose Creek Valley onto what is probably an old stream 
terrace.  The ground surface along the top of the proposed pit slope ranges from approximately 780 
to 800 feet in elevation in this area.  The reach of Moose Creek along this portion of the proposed 
pit ranges from approximately 745 to 770 feet in elevation. 
 
Line S1 (see Figure 1, Appendix G) extended northwest-southeast along the base of a relatively 
steep slope that forms a transition between the Moose Creek Valley (including the current 
floodplain and old terraces) and the higher elevation glacial terrain which extends northeast towards 
Wishbone Hill.  A 4 to 5 foot thick low velocity zone representing surfical soils and loose 
sediments was encountered along S1.  The bedrock and glacial/alluvial sediment contact along S1 
was variable.  Starting at the northwest end of the line and extending approximately 180 feet 
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southeast along the line, bedrock was detected at 10 to 20 feet in depth.  From 180 to 480 feet along 
the line, the bedrock contact deepened to approximately 35 to 45 feet below ground surface, 
probably indicating an old channel incised up to 25 feet into bedrock.  From 480 to 830 feet along 
line S1, bedrock was encountered at depths of 15 to 25 feet below ground surface.  From 830 feet to 
the end of the line at 1120 feet, the contact with competent bedrock deepened to 40 to 90 feet below 
ground surface.  However, evidence of some competent rock at depths of 25 to 35 feet was also 
detected along this section of line S1.  Northland Geophysical Company interpreted this as a 
possible zone of weathered Tertiary bedrock (see Appendix G).  It is also possible that the seismic 
profiling was picking-up disturbed zones of bedrock where underground mining has occurred in the 
Premier Group. 
 
Line S2 (see Figure 2, Appendix G) was oriented perpendicular to S1 and extended from the Moose 
Creek Valley on the west end up a relatively steep slope and into the higher glacial terrain on the 
east end.  The portion of line S2 in the Moose Creek Valley encountered bedrock at depths of 10 to 
25 feet.  Line S2 did not encounter the incised channel in bedrock detected along line S1.  As the 
line extended upslope to the east, the glacial sediments thickened to approximately 60 feet.  The 
bedrock surface increased in elevation from west to east from approximately 750 feet to 840 feet. 
 
Lines S3, S5 and S6 were located along the northwest side of the proposed pit in Mine Area 2.  The 
proposed pit in this area extends most of the way down a steep slope separating the higher glacial 
terrain from the lower terrain in the Moose Creek Valley (see Plate IV-1).  The ground surface 
along the top of the proposed pit slope ranges from approximately 950 to 1000 feet in elevation in 
this area.  The adjacent reach of Moose Creek ranges from approximately 925 to 975 feet in 
elevation. 
 
Line S3 (see Figure 3, Appendix G) extended northeast-southwest along the base of a relatively 
steep slope that forms the transition between the Moose Creek Valley and the higher elevation 
glacial terrain that extends up to Wishbone Hill.  A 3 to 5 foot thick layer of low velocity material 
representing surficial soils was encountered along the northeastern half of the line.  An intermediate 
velocity zone, approximately 5 to 20 feet thick, was encountered underneath the surficial material.  
The intermediate velocity material probably represents glacial sediments on the northeastern half of 
the line.  A high velocity zone representing bedrock was encountered below the intermediate zone.  
On the southwestern half of the line, the shallow low velocity zone was absent and an intermediate 
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velocity zone, ranging from 5 to 10 feet thick, was encountered directly overlying bedrock.  The 
shallow zone along this section of the line may represent Moose Creek floodplain deposits.  No 
significant channels or other irregularities in the bedrock surface were detected along line S3. 
 
Lines S5 and S6 (see Figures 4 and 5, Appendix G) were oriented perpendicular to S3 and extended 
from the Moose Creek Valley up a steep slope and onto higher elevation terrain to the southeast.  
The seismic stratigraphy of these cross profiles was similar to line S3.  On the Moose Creek Valley 
floor, bedrock was overlain by 5 to 10 feet of intermediate velocity materials probably representing 
alluvium.  As the lines extended upslope, a 3 to 5 foot thick layer of low velocity surficial soil 
material was found overlying a 10 to 15 foot thick layer of intermediate velocity material, probably 
comprised of glacial sediments.  The bedrock surface showed no significant erosional channels or 
other irregularities. 
 
3.3.3  Aquifer Test Data 
 
 


Calculated hydraulic conductivities from slug tests in glacial/alluvial sediments varied widely.  
Values obtained from wells in glacial sediments ranged from 0.1 to 4.2 ft/day with the exception of 
one value of 0.008 ft/day from well H88-25.  Two tests from wells in alluvial sediments yielded 


Slug Tests 
 
Hydraulic properties of the bedrock and glacial/alluvial sediments were estimated with falling head 
slug tests.  Hydraulic conductivities were calculated with the Hvorslev basic time lag method 
(Hvorslev, 1951).  Values for transmissivity were then calculated by multiplying hydraulic 
conductivities by the length of saturated sandpack in each well.  Test data and calculations are 
provided in Appendix C.  Table 3-5 is a list of the values for hydraulic conductivity and 
transmissivity that were determined for each monitoring well. 
 
In the glacial/alluvial wells that had water levels below the top of the sandpack, saturated thickness 
was taken to be the interval from the bottom of the sandpack to the water table.  Inaccurate early-
time data due to slug water initially filling the sandpack produced deviations from the theoretical 
straight line.  However, later time data generally displayed the straight line necessary for acceptable 
analyses. 
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values of 10.3 and 52.4 ft/day.  The higher values in alluvium reflect a significantly smaller fines 
content in these sediments than in the glacial deposits as observed in the field and described in the 
borehole logs presented in Appendix A. 
 
Calculated hydraulic conductivities in bedrock ranged from 0.005 to 4.7 ft/day.  The slug test in 
well H88-10 recovered too rapidly for analysis (i.e., the hydraulic conductivity was too high).  This 
well is located in an area where underground mining in the Premier Group has occurred previously. 
 Thus, the hydraulic conductivity in H88-10 has probably been significantly enhanced by mining 
and associated disturbance in bedrock. 
 
 


Several analytical approaches were used to evaluate the H88-15 and H88-16 pump test data and 
determine aquifer parameters.  Drawdown and recovery data were analyzed using the Theis curve-
matching method for non-leaky confined aquifers (Theis, 1935), the Hantush-Jacob curve-matching 
method for leaky confined aquifers (Hantush and Jacob, 1955), and the Jacob straight line method 
for non-leaky confined aquifers (Jacob, 1946).  Recovery data were analyzed using the Theis 
recovery method (Theis, 1935).  These methods were used to determine transmissivity and 
hydraulic conductivity of the pumping well.  Piezometer data were analyzed to estimate 
transmissivity and hydraulic conductivity as well as specific storage of the bedrock.  The data from 
well H89-29 were not amenable to analysis using standard methods because the well was 


Pump Tests 
 
Pump tests to determine representative formation hydraulic conductivities of the bedrock aquifer in 
Mine Areas 1 and 2 were performed in wells H88-15 and H88-16, respectively.  The spatial layout 
and cross sections of the H88-15 and H88-16 pump test cells are shown in Figures 3-4 and 3-5, 
respectively.  A pump test was also conducted in well H89-29 which was completed in the old 
workings of the Premier Mine.  This test was conducted to determine groundwater conditions in the 
old workings. 
 
During the tests in H88-15 and H88-16 pumping and recovery data were collected in the pump 
wells with a Terra 8D computerized data acquisition system.  In addition, piezometric levels were 
monitored periodically during the pump test in the nearby piezometers.  Water level data were 
collected with an electric water level probe during testing of well H89-29. 
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completed in mine voids which responded to pumping as essentially a reservoir.  The results of this 
test are discussed below.  Test data and detailed analyses are presented in Appendix D. 
 
Well H88-15 was located in relatively flat-lying Premier Group strata as shown in Figure 3-4.  The 
well was pumped for approximately 3000 minutes at a rate of about 4 gpm.  The maximum 
drawdown in the well was approximately 80 feet at the end of the pumping period.  Recovery of the 
well was 99 percent complete within 209 minutes after shutting off the pump.  Drawdown in 
response to pumping was measured in the three piezometers in hole PB-105, which is located 
approximately 250 feet from the pumping well.  The maximum drawdown in the three piezometers 
ranged from 7 to 15 feet.  Considering the heterogeneous nature of the bedrock, these drawdowns 
were quite uniform and indicate that the bedrock responded to pumping as a continuous unit at PB-
105.  Piezometers in holes PB-8 and PB-60, located approximately 400 and 800 feet from the 
pumping well, respectively, did not have a measurable response to pumping.  Piezometers in hole 
PB-7, located approximately 450 feet from the pumping well, responded erratically during the test.  
It is expected that readout instrument error or frozen water vapor in the piezometer lines may have 
resulted in the erratic readings.  A clear response to pumping could not be determined in PB-7.  The 
lack of response in holes PB-7, 8 and 60 was probably a result of their greater distance from the 
pumping well. 
 
The transmissivity calculated from the drawdown data in H88-15 is approximately 5 ft2/day (see 
Figures D-1 and D-2, Appendix D) which corresponds to an average hydraulic conductivity of the 
test interval of 0.02 ft/day.  Recovery data in H88-15 indicate a transmissivity of 2 ft2/day and a 
hydraulic conductivity of 0.01 ft/day (see Figure D-3, Appendix D).  The transmissivity values 
calculated from the PB-105 piezometer data range from 14 to 30 ft2/day.  Specific storage values 
range from 2 x 10-7 to 4 x 10-7  ft-1 (see Figure D-7, Appendix D). 
 
The differences in transmissivity values calculated from drawdown data taken from H88-15 and 
piezometers in PB-105 are typical of a heterogeneous aquifer.  They may result from a number of 
factors relating to the natural variability of the bedrock and the fact that simplifying assumptions 
made in the analytical models are seldom met in nature.  The individual piezometers measured 
drawdown in only a discrete portion of the pumped interval in H88-15 (i.e. the completion interval 
of the piezometer as indicated in Figure 3-4 and Appendix B) and therefore are not representative of 
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the entire pumped interval.  The best estimate of the transmissivity of the entire pumped interval at 
the location of H88-15 is 2 ft2/day which was calculated from data obtained in the pumped well. 
 
The pump test data from well H88-15 start to deviate from the non-leaky Theis curve at 
approximately 60 minutes into the test (see Figure D-1, Appendix D).  The drawdown curve 
approaches horizontal until a time of approximately 600 minutes into the test when drawdown data 
again start to increase with time.  There are several possible explanations of these data.  Assuming 
the zone being pumped behaves as a confined aquifer, the initial flattening of the drawdown curve 
at 60 minutes could indicate vertical leakage into the pumped zone from overlying and/or 
underlying units, or it could indicate a recharge boundary such as a permeable fault or lateral 
change to a higher transmissivity formation.  The second deviation at 600 minutes may reflect 
another boundary (i.e. no-flow boundary) such as a low permeability fault or lateral change to a 
lower transmissivity formation.  The drawdown data could also indicate a change from confined to 
unconfined conditions in the pumped zone (e.g., a delayed yield response).  There are a number of 
structural and stratigraphic features near well H88-15 that could contribute to the drawdown 
response that was measured   (see Figures 3-5 and 4-1).  The later time drawdown effects do not 
affect the estimate of transmissivity made from the early time data when measured drawdown falls 
along the Theis curve. 
 
Well H88-16 is located in steeply dipping (i.e. 55 degrees) Premier Group strata as indicated in 
cross section A-A' in Figure 3-5.  The well was pumped for approximately 800 minutes at a rate of 
1 gpm.  The maximum drawdown in the well was approximately 46 feet at the end of the pumping 
period.  Recovery in the well was complete within about 1350 minutes after shutting off the pump.  
During the pumping period measurable drawdown was not observed in any of the piezometers in 
holes PB-12, PB-102 and PB-13 located approximately 165, 235 and 260 feet from the pumping 
well, respectively. 
 
The transmissivity calculated from the drawdown (see Figures D-4 and D-5, Appendix D) and 
recovery (see Figure D-6, Appendix D) data in H88-16 is approximately 2 ft2/day which 
corresponds to an average hydraulic conductivity over the pumped interval of approximately 0.006 
ft/day. 
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Hydraulic conductivity is a highly variable parameter in most natural geologic materials.  The 
values that were obtained from the pump tests in H88-15 and H88-16 are applicable at the location 
and scale of the tests but may vary at other locations.  The major purpose of running the large-scale 
pump tests was to test a large volume of the bedrock and thus obtain representative large-scale 
values of hydraulic conductivity. 
 
Various errors may be associated with field testing for hydraulic conductivity.  In general, the errors 
associated with equipment measurement (i.e. water level probes, flow meters) will be relatively 
small, on the order of 10 percent or less.  The possible errors associated with the calculation of 
hydraulic conductivity by analyzing test data using an idealized model (i.e Theis analysis, Hantush 
analysis, etc.) will be more significant and can range up to several hundred percent depending on 
the degree to which the natural system meets the assumptions inherent in the analytical models. 
 
The strata tested in both H88-15 and H88-16 are stratigraphically and structurally complex and, 
therefore, do not meet many of the assumptions inherent in standard pump test analysis methods 
(e.g. homogeneous isotropic aquifer with infinite areal extent).  Therefore, the pump test results 
should be considered order of magnitude estimates.  Qualitatively they indicate that the bedrock 
units are of relatively low permeability and can be expected to produce very limited amounts of 
water to wells or open excavations. 
 
Well H89-29 which is completed into the open mine voids of the old Premier Mine was pumped at 
55 gpm for a period of 285 minutes.  The water level in the old workings decreased about 0.25 feet 
due to pumping.  The pump test results indicate that the old workings behaved as an open reservoir 
rather than a porous media.  Therefore, hydraulic conductivity is not a relevant parameter and the 
test could not be analyzed using standard aquifer analysis techniques. 
 
The test data were analyzed (see Appendix D) to estimate the area of old workings that were 
influenced by the test.  Based on the known volume of water pumped, the observed drawdown, an 
estimated extraction ratio at 50 percent in the old mine, and an estimated width of the mine of 17.4 
feet (based on a 10 foot seam dipping at 35 degrees), the total length of old workings affected by 
pumping was 964 ft.  This is approximately one half of the total length of workings on the west side 
of Moose Creek.  These results indicate that the old workings may not be directly connected 
hydraulically over their entire length of approximately 3,600 feet.  However, sustained pumping for 
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days or weeks coupled with monitoring of water levels in the old workings would be required to 
accurately determine the degree of connection.  This testing is best conducted during actual 
dewatering of the old workings prior to mining (see Part D, Section 11.0). 
 
Recovery of water levels was relatively slow with a total recovery of about 0.1 foot in 1126 minutes 
(see Appendix D).  Using the same ratio of drawdown to volume pumped that was observed during 
the pump test, a recovery rate of about 5 gpm was estimated for the old workings (see Appendix D). 
 
3.3.4  Groundwater Quality Data 
 
Laboratory analyses of groundwater samples were conducted by Inter-Mountain Laboratories, Inc.  
The original laboratory reports of analytical data are presented in Appendix F along with laboratory 
QA/QC procedures. 
 
Field parameters for the quarterly groundwater sampling are presented in Table 3-6.  Results of the 
laboratory analyses of quarterly groundwater samples are summarized in Table 3-7. 
 
The analytical results obtained for well H88-13 may not be representative of actual groundwater 
chemistry based on drilling and sampling considerations.  Mud was used during the drilling of H88-
13 to prevent collapse of the borehole.  The use of mud probably caused the high dissolved solids 
content that has been measured in this well. 
 
The initial sampling results from well H88-25 are also probably not representative.  Well H88-25 
was a low producer and well development prior to sampling was very difficult.  Therefore, high 
levels of dissolved solids in the initial sampling round may reflect the lack of adequate well 
development.  Lab results from the February, May/June and July, 1989 sampling event for this well 
show a decrease in concentrations for most of the analytical parameters, probably indicating a 
return to native water composition. 
 
Field measurements and laboratory analyses of samples collected during the four rounds of 
sampling indicate that groundwaters at the site have variable water quality.  Ignoring well H88-13, 
which is still considered unrepresentative due to the use of mud during drilling, the groundwaters 
have pH values ranging from 6.1 to 11.5, total dissolved solids from 66 to 834 mg/l, total hardness 
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from 4 to 191 mg/l, total alkalinity from 4.1 to 1521 mg/l, and acidity less than 1 mg/l.  A detailed 
discussion of the groundwater quality results is presented below. 
 
 Field Parameters 
 
Field parameters obtained during the November, 1988 and February, May/June and July, 1989 
sampling events are summarized in Table 3-6.  Values of pH measured in the field vary from 
slightly acidic (6.06) to basic (11.45), and generally fall between 6.5 and 8.8. The pH values for 
wells completed in the glacial/alluvial units range from 6.06 to 8.46 and average 7.3.  Bedrock 
wells show a wider range of pH values from 6.96 to 11.45 and average 8.9.  Laboratory 
measurements of pH were generally within one standard pH unit of the field measured value. 
 
Groundwater from bedrock well H88-12 consistently had pH values in the 9.7 to 11.4 range 
whereas groundwater from all other wells was generally below pH 9.  Well H88-12 is completed 
into the Eska coal unit.  The Eska coal also had the highest pH value reported in the 
overburden/interburden geochemistry data in Part C, Chapter III (i.e. a pH value of 9.2).  The reason 
for the anomalously high pH values in well H88-12 is not known. 
 
Field conductivity measurements ranged from 96 to 1441 μmhos/cm. Conductivity values for the 
glacial/alluvial wells ranged from 96 to 741 μmhos/cm, with a mean value of 217 μmhos/cm. 
Higher conductivity values were measured in bedrock wells and ranged from 260 to 1441 
μmhos/cm, with a mean value of 698 μmhos/cm. 
 
Concentrations of total dissolved solids (TDS) ranged from a minimum of 66 mg/l to a maximum 
of 834 mg/l excluding well H88-13. During November, 1988 a TDS concentration of 2750 mg/l 
was measured in H88-13, where mud was used during drilling.  The values measured during the 
succeeding three rounds were 1984, 1850 and 2008 mg/l, respectively.  All wells completed in 
glacial/alluvial units had relatively low concentrations of TDS (66 to 202 mg/l), with the exception 
of H88-25.  As mentioned above, the November chemical results from this well may not be 
representative.  TDS values in this well were 716, 132, 140 and 190 mg/l for the November, 1988, 
and February, May/June, and July, 1989 rounds, respectively.  Relatively high TDS concentrations, 
greater than 600 mg/l, also occurred in bedrock wells H88-11, 12, 13, and 30.  
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Dissolved oxygen concentrations in groundwater averaged about 12 mg/l for both glacial/alluvial 
and bedrock wells.  Values ranged from 8.3 to 14.4 mg/l in all the wells, excluding H88-13.  These 
values are at or near the solubility limit for oxygen and are similar to oxygen concentrations 
measured in surface waters. 
 
 Trace Constituents 
 
The concentrations of trace constituents, primarily metals, in groundwater samples were generally 
quite low.  Dissolved mercury was not detected in any of the groundwater samples at concentrations 
above the detection limit of 0.001 mg/l.  Barium was detected in well H88-10 at a concentration of 
1.1 mg/l and in wells H88-13 and H89-29 near the detection limit of 0.5 mg/l.  Arsenic was 
measured in wells H88-11, H88-12 and H89-30 at concentrations near the detection level of 0.005 
mg/l and one anomalous result of 0.20 mg/l from well H88-10 in the May/June, 1989 round.  
Cadmium and zinc were frequently detected in multiple wells (see Table 3-7 for details), and 
copper and lead less frequently, but concentrations were always at or near the detection limits for 
these constituents.  Selenium was detected only during the February sampling event in wells H88-
11, 23, 25, 27, and 28 at concentrations of 0.007, 0.01, 0.007, 0.01 and 0.01 mg/l, respectively.  
Aluminum was also detected in several wells at or near the detection level of 0.1 mg/l.  Although an 
aluminum concentration of 2.6 mg/l  was measured in H88-22 during November 1988, the 
February, May/June and July 1988 analysis indicated an aluminum concentration of 0.1, 0.2 and 
<0.1 mg/l respectively.  Similarly, values of 1.5 and 1.7 mg/l for aluminum were detected in the 
November, 1988 and February samples of well H88-12, with subsequent results dropping to 0.4 
mg/l in May/June and below the detection limit in July.  All of the July, 1989 samples showed 
aluminum concentrations below detection limit. 
 
 Nutrients 
 
Nutrient levels in the groundwater samples were variable.  Total organic phosphorous 
concentrations ranged from the detection limit of 0.001 to 3.11 mg/l, with a mean for the 
glacial/alluvial wells of 0.70 and a mean of the bedrock wells of 0.042. Concentrations were 
typically at or near 0.1 mg/l and values greater than 1 mg/l were reported in H88-19, 22, 23, 25 and 
27. 
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Total Kjeldahl nitrogen (TKN) concentrations up to 206 mg/l were detected in the groundwater 
samples, but averaged 7 mg/l for the glacial/alluvial wells and 0.9 mg/l for the bedrock wells.  The 
unusually high value of 206 mg/l TKN reported for H88-19 during November, 1988 appears 
anomalous when compared with the other values of 10.8 and 38.8 mg/l from the May/June and July 
1989 rounds.  However, all the TKN values from this well appear unusually high.  Without the 206 
mg/l value from well H88-19, the mean TKN value for all other wells drops to 2.9 mg/l.  For all the 
sampling events, nitrate concentrations were low, typically less than 1.0 mg/l.  A nitrate value of 
7.54 mg/l was reported in H88-22 for the February 1989 sampling round and values between 1.0 
and 2.55 mg/l were reported in wells H88-17 and H88-27.  Nitrite was consistently below the 
detection limit of 0.01 mg/l with a few exceptions at or near the detection limit in wells H88-17, 21, 
23, 24A, and 25. 
 
 


Water samples collected from wells completed in the glacial/alluvial units showed a greater 
variability in cation chemistry than water samples from the bedrock units.  Calcium was the major 
cation in all wells except H88-19 and 14A where calcium was the predominant cation while sodium 


Major Ionic Constituents 
 
The predominant dissolved chemical constituents in groundwater in the project area were calcium, 
sodium, potassium  and bicarbonate.  The maximum concentrations for these constituents were 57, 
351, 8.8, and 906 mg/l, respectively.   
 
Bicarbonate was the dominant anion in water samples from all wells, with the exception of H88-12 
and H88-25. The carbonate anion was the dominant species in well H88-12 as a result of the high 
pH during the November, 1988 and February, 1989 rounds with the bicarbonate anion nonexistent.  
During the May/June, 1989 round the bicarbonate anion was dominant but significant amounts of 
carbonate were also present.  During the July, 1989 round the carbonate anion was dominant but 
significant amounts of bicarbonate were present.  The pH values vary correspondingly with the 
carbonate/bicarbonate ratios.  Chloride was the dominant anion in well H88-25 with bicarbonate 
secondary. 
Sodium and potassium were typically the predominant cationic species in water collected from 
wells completed in the bedrock units.  However, in wells H88-10 and H89-29, calcium was the 
major cationic species while sodium and potassium were of secondary importance. 
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and potassium were of secondary importance.  Sodium and potassium were the predominant cations 
in wells H88-24A and 25 while calcium had become the secondary cationic species. 
 
The predominant chemical characteristics of the groundwater at the site can be illustrated 
graphically using the representations of Piper (1944) and Stiff (1951).  The trilinear diagram 
proposed by Piper (Figures 3-6 to 3-9) permits the composition of a water sample to be represented 
by a single point on a graph.  This facilitates comparison of numerous water samples to determine if 
the water samples are compositionally similar or whether significant variations exist in the 
inorganic water chemistry.  The trilinear plot uses two equilateral triangles, one for anions and one 
for cations.  Ionic concentrations are expressed in milliequivalents per liter.  Each vertex represents 
100 percent of a particular ion or group of ions.  The cationic composition of a water sample is 
plotted in the cation triangle, and the composition with respect to anions is represented by a point 
plotted in the anion triangle.  The coordinates at each point add to 100 percent.  The diamond-
shaped field between the two triangles is used to represent the composition of water with respect to 
both cations and anions.  The cation and anion points plotted in the triangular fields are extended 
into the central plotting field by projecting them along lines parallel to the upper edges of the 
central field.  The intersection of the lines represents the composition of the water. 
 
Figure 3-6 displays the analytical results of the November, 1988 groundwater samples plotted on a 
trilinear diagram.  The February, May/June and July, 1989 results are shown on Figures 3-7 to 3-9.  
The water chemistry of the bedrock wells with the exception of H89-29 and H88-10 clusters tightly 
at the bottom portion of the central diamond field indicating the dominant sodium-potassium-
bicarbonate composition.  Water compositions for most of the glacial/alluvial wells in the 
November 1988 and February 1989 sampling rounds plot closely together in the left side of the 
central diamond field which indicates a calcium-bicarbonate composition.  Water compositions 
during these rounds for H88-14A, 24A, and 25 plot more towards the center of the diamond field 
indicating the increased percentage of sodium and potassium in these samples.  Plots of 
glacial/alluvial wells have moved upwards and towards the center of the diamond field in the 
May/June and July sampling rounds, indicating higher calcium and chloride concentrations. 
  
In Stiff diagrams the analytical values for a water analysis are plotted along horizontal axes. These 
axes are separated from each other and are divided by a vertical center line.  Cation concentrations 
are plotted on one side of the center line and anion concentrations on the other. Joining the plotted 
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concentration points for a particular water analysis produces a polygon with a shape that is 
characteristic of the particular water composition.  Stiff diagrams of similar shape imply similar 
water compositions. 
 
Figures 3-10 and 3-11 are Stiff plots of the analytical data from the four sampling rounds for 
bedrock and glacial/alluvial wells, respectively.  Analytical data for the individual constituents for 
the sampling rounds were averaged to produce a composite diagram characterizing the groundwater 
chemistry of each well.   
 
The water compositions of the bedrock wells are presented in Figure 3-10.  The characteristic shape 
of the Stiff diagrams for the bedrock wells graphically illustrates the sodium-potassium-bicarbonate 
composition of these waters. 
 
Stiff diagrams displaying water composition for the glacial/alluvial wells are presented Figure 3-11. 
These groundwaters are more variable in composition than groundwaters from the bedrock wells. 
Three general types of water composition were identified.  Water from the glacial/alluvial wells 
may be characterized as either calcium-bicarbonate composition (H88-21, 22, 28, 17, 23 and 27), 
calcium (sodium and potassium)-bicarbonate composition (H88-19, and 14A), or variable sodium 
and potassium dominant water types (H88-24A, and 25).  The groundwater composition in well 
H88-19 may be influenced by the old mine tailings that overlay the sand unit in which the well was 
screened. 
 
4.0 ANALYSIS OF SITE HYDROGEOLOGY 
 
4.1 


4.1.1  Hydrostratigraphy 
 
The detailed geology of the proposed Permit Area is described in Chapter II of this permit 
application.  This section presents an overview of the geological conditions in each of the two 
proposed mine areas as they relate to the groundwater flow regime. 
 


Groundwater Flow System 
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The proposed Permit Area is underlain by Tertiary sedimentary bedrock of the Chickaloon, 
Wishbone and Tsadaka Formations.  The Chickaloon Formation is comprised of shale, claystone, 
siltstone, sandstone, coal and pebble conglomerate.  The upper Chickaloon contains the major coal 
groups that will be mined including, from top to bottom, the Jonesville Group, the Premier Group 
and underlying Midway Seam, the Eska Group and the Burning Bed Group.  Individual beds within 
the upper Chickaloon Formation tend to intergrade and vary in thickness over relatively short 
distances.  Coal beds within the well defined groups tend to grade laterally into carbonaceous shale 
and claystone. 
 
The Wishbone Formation is comprised of pebble conglomerate, sandstone and siltstone.  The unit 
as a whole is competent and well cemented.  It tends to contain finer sediments in its lower portion 
where it grades into the Chickaloon Formation. 
 
The Tsadaka Formation is comprised of pebble conglomerate, sandstone, siltstone and silty 
carbonaceous shale.  Spatially the Tsadaka Formation is discontinuous and not well defined across 
the site.  It is believed to be poorly indurated and friable. 
 
The sedimentary bedrock is overlain by Quaternary deposits including glacial outwash, glacial drift, 
ice-marginal deposits, esker-kame terrace deposits, stream terrace gravels, alluvium, colluvium and 
aeolian loess.  The glacial deposits, where they were encountered in boreholes, ranged from well-
graded gravels and gravel-sand mixtures with little or no fines and 5 to 25 percent cobbles and 
boulders, to silty sands and tills.  (Grain size analyses of soil samples from glacial wells H88-21 
and 22 are presented in Part C, Chapter V.)  The stream alluvium consists of coarse gravel to coarse 
sand with some cobbles, boulders, and silt and a trace clay.  The colluvium and aeolian loess is 
found in a surficial soil layer over portions of the site and is generally less than 5 feet thick. 
 
A bedrock geologic map of the site is presented in Figure 4-1.  Representative geological cross-
sections located on Figure 4-1 have been constructed through each of the two mine areas.  These 
sections, which include water levels in wells and piezometers, are presented in Figures 4-2 to 4-7 
(Figure 4-2 is a legend for the cross-sections). 
 
 Mine Area 1 
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Section B-B', shown in Figure 4-3, runs northwest-southeast through the western portion of Mine 
Area 1.  The Premier Group and underlying Midway Seam dip to the northwest.  Portions of the 
Premier have been removed by previous room and pillar mining operations in this area.  Data from 
wells H89-29 and H89-30 (not on section B-B') indicate that water level elevations in the old 
workings are approximately 710 feet (see Section 3.3.1).  The piezometric levels measured in hole 
PB-101 may also be affected by the previous mining activities.  As indicated in Figure 4-3, the 
piezometric head in the Premier Group (Piezometer No. 3 in hole PB-101) is below the top of the 
Premier and below the level of Moose Creek. 
 
Section D-D' (Figure 4-4) runs northwest-southeast through the eastern portion of Mine Area 1.  
The northwest end of the section encounters an area of southeast dipping Jonesville Group coal 
which is separated from relatively flat-lying Premier Group coal by a northeast-southwest trending 
fault.  The major portion of the cross-section lies in the Premier Group Coal until at the southeast 
end, another fault is encountered and the Wishbone Formation truncates the Premier Group.  
Piezometric levels in the coal groups generally decrease to the southeast.  The heads in the Midway 
Seam underlying the Premier Group are about 20 feet higher than the corresponding heads in the 
Premier.   
 
Cross-section G-G' (Figure 4-5) runs northeast-southwest through the eastern part of Mine Area 1.  
It shows the flat-lying Premier Group coal bounded on the southwest by the Tsadaka Formation, 
which has been faulted up against the Premier and on the northeast by the Wishbone Formation, 
which has also been faulted up against the Premier. 
 
 Mine Area 2 
 
Section I-I' (Figure 4-6) runs northwest-southeast through the western portion of Mine Area 2.  All 
four of the coal groups are represented on this section.  They dip steeply to the southeast.  The 
Premier Group is repeated due to the presence of a thrust fault on the southeast end of the cross-
section.  Other thrust faults are also located along this cross-section. 
 
Section M-M' (Figure 4-7) runs northwest-southeast through the eastern portion of Mine Area 2.  
This section intersects all four major coal groups, but does not have the thrust faults shown in 
Section I-I'.  As in Section I-I', the coal beds dip steeply to the southeast. 
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4.1.2  Hydrogeologic Units 
 
Two major hydrogeologic units occur within the proposed Permit Area.  Sedimentary bedrock, 
which includes the target coal seams and underlies the site comprises the first unit.  Glacial 
sediments and alluvial deposits comprise the second major unit. 
 
 Bedrock Unit 
 
Tertiary sedimentary bedrock including the Tsadaka, Wishbone and Chickaloon Formations 
comprises the bedrock hydrogeologic unit at the site.  As discussed in Section 4.1.1, both the 
Tsadaka and Wishbone Formations consist mainly of pebble conglomerate, sandstone and siltstone. 
 The Chickaloon Formation is comprised of the same materials but also includes a significant 
proportion of claystone, shale and coal.  Individual beds in the Chickaloon tend to intergrade 
laterally and vary in thickness over short distances.  The majority of the bedrock is well indurated, 
relatively competent rock. 
 
Structural features including folds and faults have added complexity to the bedrock hydrogeologic 
unit.  In some instances, faults have caused significant lateral or vertical offset of beds. 
 
Where hydraulically tested in small-diameter monitoring wells and large-diameter pumping wells, 
the bedrock hydrogeologic unit has generally exhibited low hydraulic conductivity in the range of 
0.005 to 0.03 ft/day (with the exception of wells H88-10 and H89-29, which are affected by the old 
underground workings in the Premier Mine).  Direct observational data from the pumping tests in 
wells H88-15 and H88-16 indicate that the hydraulic response to pumping is limited in areal extent. 
 These wells, which were open to several hundred feet of bedrock, produced only between 1 and 4 
gpm during sustained pumping.  Thus, no significant water producing zones in bedrock were 
identified in either pumping well.  The bedrock hydrogeologic unit is best characterized as a 
heterogeneous, uniformly low permeability unit.  It would normally be considered an aquitard 
rather than an aquifer based on its permeability and yield.  Because the bedrock is a heterogeneous, 
low-permeability and structurally complex unit, the degree of hydraulic interconnection in the unit 
is low to moderate causing piezometric heads to vary both horizontally and vertically within the 
bedrock. 
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The bedrock formation has been faulted as shown in Figure 4-1.  The old Premier and Buffalo 
mines encountered faults in underground workings according to Barnes and Payne (1956) who 
reported that mining in faults required additional underground support.  They did not report any 
significant increases in mine inflow associated with the faults.  They indicated that significant 
gouge zones are associated with faults.  During the geotechnical drilling program for the proposed 
mine (Golder Associates Inc., 1989) angle hole PB-103 penetrated a fault zone at a depth of 280 
feet on the north side of Mine Area 2.  The core information indicated a brecciated zone with 
moderate weathering and a high clay content characteristic of gouge. 
 
Based on the available information, it is anticipated that faults will be generally low permeability 
features because of weathering and high clay content.  It is possible that significantly higher 
permeability zones may be associated with fractures or faults in the bedrock.  However, these 
zones, if they exist, should be fairly localized and should not change the basic consideration of 
bedrock as a low permeability unit. 
 
 


The glacial sediments are stratified and individual layers are not continuous over significant 
distances.  During drilling of these sediments, zones of hard material were encountered reflecting 
large rocks and/or zones of cementation.  Localized perched groundwater conditions (i.e. saturated 
zones above the regional water table) were encountered during drilling.  Generally these localized 
zones were perched on silt and clay layers or on cemented zones and could not be traced between 
drill holes.  Thus, there are no mappable aquifer and aquitard zones within the glacial sediments at 


Glacial/Alluvial Unit 
 
Glacial and alluvial sediments are combined into a hydrogeologic unit.  Glacial sediments are 
extensive across the site whereas alluvial sediments are mainly confined to the Moose Creek 
Valley.  Groundwater in this hydrogeologic unit is generally under unconfined conditions.  This 
unit forms the uppermost aquifer at the site. 
 
Glacial sediments are composed of a wide variety of materials ranging from clayey and silty sands 
to well-graded gravels.  Glacial sediments range in thickness from 5 to well over 100 feet and 
directly overlie bedrock over most of the site. 
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the scale of the well spacings on the site.  Instead, the glacial sediments comprise a heterogeneous 
unconfined aquifer. 
 
Fluvial  processes in Moose Creek have sorted the glacial sediments leaving alluvium deposits 
comprised of cobbles, gravel and sand with some silt and clay.  The alluvial deposits are of limited 
areal extent.  They primarily are confined to the existing stream channel and flood plain of Moose 
Creek as evidenced by monitoring wells installed near Moose Creek that penetrate unworked 
glacial sediments (e.g. H88-14).  Moose Creek is apparently flowing on or just above bedrock along 
much of its reach in and adjacent to the proposed Permit Area based on seismic information 
presented in Section 3.3.2 and drillhole data from wells penetrating Moose Creek alluvium (see 
Appendix D). 
 
The extent and saturated thickness of the alluvial and glacial sediments are shown in Figure 4-11.  
Generally, the saturated alluvial sediments along Moose Creek are less than 20 feet thick.  Saturated 
glacial sediments range from less than 20 to approximately 40 feet in Mine Area 1 and 
approximately 20 to 60 feet in Mine Area 2. 
 
4.1.3  Hydraulic Parameters 
 
Hydraulic parameters were measured in slug and pump tests conducted in bedrock and 
glacial/alluvial units.  The distribution of hydraulic conductivity values measured in the two units is 
shown in Figure 4-8. 
 
Bedrock hydraulic conductivities generally fall within  the range of 0.005 to 0.03 ft/day.  Values 
obtained from both slug tests and pump tests are consistently in this range.  An exception to this 
range is a value of 4.7 ft/day measured in well H88-12.  This well is completed into the Eska Group 
and represents the only test conducted in the Eska.  Although it may indicate that the Eska is 
significantly higher in hydraulic conductivity than the other coal units, it is considered more likely 
that this hole encountered a zone of more extensive fracturing that may not be characteristic of the 
Eska at other locations.  Two values of specific storage in bedrock of approximately 2 x 10-7 and 4 
x 10-7 ft-1 were obtained from the H88-15 pump test.  Specific yield (i.e. drainable porosity) of the 
bedrock is likely to be quite low, probably 2 to 10 percent based on the material types. 
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The overall average hydraulic conductivity of the bedrock is low.  It is expected that the higher 
permeability strata will include sandstone and coal units.  Siltstone, claystone and shale units will 
have very low hydraulic conductivities.  Where strata are relatively flat-lying, the siltstone, 
claystone, and shale units will limit vertical leakage into the sandstone and coal.  Where strata are 
steeply dipping the siltstone, claystone, and shale units will tend to form sub-vertical barriers to 
horizontal flow. 
 
The hydraulic conductivity of the glacial sediments is highly variable.  Figure 4-8 indicates that 
hydraulic conductivities determined from slug tests range from approximately 0.008 to 4 ft/day with 
most values falling between 0.1 and 1.4 ft/day.  This range of hydraulic conductivities reflects the 
variability of material types in the glacial sediments.  In general, the hydraulic conductivity of the 
glacial sediments is probably one to two orders of magnitude greater than the bedrock.  The specific 
yield of the glacial sediments can be expected to be in the range of 5 to 15 percent based on 
material type. 
 
Hydraulic conductivity of the alluvial sediments has been measured in two slug tests as indicated in 
Figure 4-8.  This material exhibits the highest values measured in any materials at the site, ranging 
from approximately 10 to 50 ft/day.  Hydraulic conductivity of stream alluvium is high because the 
material consists primarily of sand and gravel with little silt and clay content.  The specific yield of 
stream alluvium is probably in the range of 10 to 20 percent. 
 
4.1.4 Potentiometric Surface and Groundwater Flow 
 
The uppermost aquifer in the proposed Permit Area includes glacial and alluvial sediments.  
Groundwater in this hydrogeologic unit is generally under unconfined or water table conditions.  
Approximate water table contours in the glacial/alluvial sediments are shown in Figure 4-9.  These 
contours are based on water levels in wells completed in glacial and alluvial sediments, on the 
location and elevation of surface streams and lakes, and on the overall topographic contours at the 
site. 
 
Figure 4-9 indicates that there is a major groundwater divide coinciding with a major topographic 
divide running northeast-southwest through the site.  Groundwater flow is generally north and south 







 
 


 IV-37 WBH 2009 Update 


 


from this divide.  Horizontal gradients are variable, ranging from approximately 0.04 to 0.30 with 
the most common value around 0.09. 
 
The uppermost aquifer is very heterogeneous because of the variability of the sediments of which it 
is composed.  It is likely that many small-scale deviations in the general flow directions shown in 
Figure 4-9 will exist due to the aquifer variability and local topographic influences.  It is also likely 
that localized perched water table zones will exist in areas where infiltrating water encounters 
layers of low permeability silt and clay within the sediments. 
 
Piezometric levels measured in piezometers completed in bedrock are shown in Figure 4-10.  This 
figure also presents water levels measured in monitoring wells completed in both bedrock and the 
glacial/alluvial sediments.  In most of the bedrock holes there is a general decrease in piezometric 
level with depth indicating downward flow in the bedrock.  However, there is significant variability 
in piezometric levels in bedrock, probably as a result of the heterogeneity and low permeability of 
the bedrock.  As a result, there is also a high degree of variability in horizontal and vertical 
hydraulic gradients in the bedrock as indicted in Figure 4-10. 
 
In areas where glacial/alluvial and bedrock wells are located adjacent to each other (e.g. H88-14 
and H88-10, H88-27 and H88-13) there is a downward gradient from the glacial/alluvial sediments 
into the bedrock.  Thus, at these locations bedrock is being recharged by vertical flow from the 
glacial/alluvial sediments. 
 
In the westernmost area of the site, old mine workings exist in the Premier Coal Group.  Well H89-
29 was completed in the mine voids on the eastern side of Moose Creek and well H89-30 was 
completed in the mined interval (but did not encounter voids) on the western side of Moose Creek.  
These wells indicate that the water level in the old mine workings is at approximately elevation 710 
feet which is substantially below the water levels in the overlying glacial/alluvial sediments and is 
also below the level of Moose Creek which flows over the old workings at approximately elevation 
755 feet.  Thus, the bedrock groundwater system in this area is hydraulically poorly connected with 
the shallow groundwater in the glacial/alluvial sediments and surface water in Moose Creek. 
 
4.1.5  Recharge/Discharge 
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Recharge to the glacial/alluvial sediments aquifer originates from precipitation falling on the 
proposed Permit Area.  Recharge is apparently occurring over most of the proposed Permit Area.  
Discharge from the glacial/alluvial sediments aquifer occurs by horizontal flow into Moose and 
possibly Buffalo Creeks and by vertical leakage into the underlying bedrock. 
 
Water levels in wells adjacent to Moose Creek were used to determine whether discharge or 
recharge from the uppermost aquifer to the stream was occurring.   Well H88-17 along Moose 
Creek in the northeastern portion of the proposed Permit Area had a water level at or slightly above 
the level of Moose Creek indicating that the uppermost aquifer was probably discharging to the 
stream in this area.  Wells H88-14A and H88-19 located along Moose Creek in the northwestern 
portion of the proposed Permit Area both had water levels from 3 to 6 feet below the water level in 
Moose indicating that the stream was potentially loosing water to the uppermost aquifer in these 
areas.  This could be a localized interaction between the stream and the highly permeable alluvial 
sediments and alluvial groundwater may be flowing back into the stream at locations further down 
stream. 
 
Recharge to the bedrock hydrogeologic unit occurs by vertical flow from the overlying glacial and 
alluvial sediments.  Piezometric data from bedrock (see Figure 4-10) do not indicate that there is 
any significant source of offsite recharge.  For example, piezometric heads in piezometers PB-12, 
13, 92, 100 and 102 were higher than heads in surrounding wells and piezometers.  They are also 
located in an area which is a local topographic high.  If offsite recharge was occurring, higher heads 
would be found in at least some of the surrounding wells and piezometers.  Also, the low 
permeability of the bedrock and anticipated low permeability of faults (see Sections 4.1.2 and 4.1.3) 
make it unlikely that offsite recharge will be significant in the bedrock. 
 
In the eastern portion of the proposed Permit Area, heads in bedrock wells and piezometers are 
higher than the water levels in adjacent Moose Creek.  Therefore, it is likely that bedrock is 
discharging minor amounts of water to shallow alluvial sediments along Moose Creek in the 
eastern portion of the site.  As discussed in Section 4.1, it appears that the heads in the bedrock in 
the westernmost portion of the proposed Permit Area have been depressed by the old underground 
workings in the Premier Mine.  The water level in Moose Creek (e.g. elevation 755 feet) is higher 
than the piezometric head in the bedrock (e.g. 710 feet) in this area indicating potential flow from 
Moose Creek and shallow alluvial deposits into the bedrock and old workings.  The location of 
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groundwater discharge from the old workings is likely to be along Moose Creek south of the 
proposed permit area.  Although the mechanism for discharge from the underground workings is 
not known, it is likely that discharge occurs as a result of stratigraphic or structural features that 
have not been mapped to date. 
 
4.1.6  Conceptual Model of the Groundwater Flow System 
 
This section integrates the existing hydrogeological information into an overall conceptual model of 
the groundwater flow system in the Permit Area.  The conceptual model incorporates the current 
understanding of groundwater occurrence, flow directions, recharge/discharge, hydrologic 
boundaries to the flow system, interactions between hydrogeologic units, and interactions with 
surface water. 
 
Groundwater exists in glacial sediments found over most of the Permit Area, in alluvial sediments 
found along Moose Creek, and in bedrock formations which underlie the glacial and alluvial 
sediments.  These deposits are grouped into two major hydrogeological units as described in 
Section 4.1.2. 
 
 The glacial sediments are highly variable in size ranging from cobbles down to silty sand 
and till.  As described in Section 4.1.3 the hydraulic conductivity of the glacial sediments is 
generally in the range of 0.1 to 1.4 ft/day (3.5 x 10-5 to 4.9 x 10-4 cm/sec) which according to the 
U.S. Department of Interior (1977) is in the low to moderate range of hydraulic conductivity and is 
characteristic of an aquifer with poor to fair potential domestic well yields.  Alluvial sediments 
along Moose Creek contain fewer fines than the glacial sediments and are more permeable, with 
hydraulic conductivities in the range of 10 to 50 ft/day (8.5 x 10-3 to 1.8 x 10-2 cm/sec) which is in 
the moderate to high range of hydraulic conductivities.  The limited saturated thickness of the 
alluvium (i.e. less than 20 feet) puts it in the range of an aquifer with good potential domestic well 
yields but poor potential irrigation well yields.  The saturated glacial and alluvial sediments 
comprise the water table aquifer in the Permit Area. 
 
Groundwater flow in the water table aquifer generally mirrors surface topography with flow from 
high areas towards Moose Creek as shown in Figure 4-9.  Moose Creek forms a hydrogeologic 
boundary to the water table aquifer along the north, west and south.  A topographic divide near 
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Wishbone Hill forms the hydrogeologic boundary of the water table aquifer to the east.  A 
groundwater flow divide runs through the Permit Area with groundwater north of the divide 
flowing north into Moose Creek and groundwater south of the divide flowing southwest eventually 
to Moose Creek.  Recharge to the water table aquifer is from local precipitation.  Discharge is 
primarily to Moose Creek.  Some local discharge occurs into Buffalo Creek which is the only other 
stream flowing across the Permit Area.  Springs, seeps or other surface indications of possible 
groundwater discharge were not identified in the Permit Area except along the Moose Creek flood 
plain.  The bedrock hydrogeologic unit that underlies the water table aquifer forms a low 
permeability boundary.  Some vertical leakage from the water table aquifer into the underlying 
bedrock units occurs.  However, the amount of leakage is small because of the low permeability of 
the bedrock. 
 
The bedrock geologic units are described in Sections 4.1.1 and 4.1.2.  They are stratigraphically and 
structurally complex.  Folding has resulted in beds ranging in dip from horizontal to vertical and 
faulting has truncated geologic units resulting in distinct blocks of bedrock separated from each 
other by major faults.  Existing information indicates that at least some of the faults have associated 
gouge zones and probably form very low permeability hydraulic boundaries between blocks of 
bedrock.  The bedrock units have a significantly lower hydraulic conductivity than the overlying 
glacial and alluvial sediments.  As discussed in Section 4.1.3 measured values are generally in the 
range of 0.005 to 0.03 ft/day (1.8 x 10-6 to 1.0 x 10-5 cm/sec).  These values fall in the low range of 
hydraulic conductivity according to the U.S. Department of Interior (1977) and are characteristic of 
an aquitard rather than an aquifer. 
 
Groundwater flow in the bedrock hydrogeologic unit does not occur in specific zones that are 
sufficiently permeable and hydraulically interconnected to be defined as aquifers.  Rather, the 
bedrock behaves as an anisotropic and heterogeneous low permeability aquitard.  As described 
above the bedrock has been extensively faulted and folded with specific geological units forming 
blocks that are separated by faults.  Many of these faults are thought to form very low permeability 
hydraulic boundaries between blocks due to the presence of clay gouge along the fault plane.  It is 
possible that localized fracture zones in the bedrock occur that have higher hydraulic conductivities 
than unfractured bedrock.  However, any such zones will be localized and will not alter the basic 
conceptual model of the bedrock as a low permeability unit. 
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The groundwater flow in the bedrock is generally from areas of high to low surface topography.  
Heads within the bedrock are variable (i.e. they do not conform to a single piezometric surface) 
because of the low permeability and heterogeneous nature of the bedrock.  Thus, it is not feasible to 
produce a piezometric contour map representative of the bedrock hydrogeologic unit.  Moose Creek 
acts as a discharge boundary to the bedrock groundwater system on the north, west and south sides 
of the site.  To the east, the topographic high near Wishbone Hill acts as a no-flow boundary to the 
bedrock flow system.  In the western portion of Mine Area 1 the old underground workings in the 
Premier Coal Group are apparently acting as a discharge boundary. 
 
The bedrock hydrogeologic unit is recharged by vertical leakage from overlying saturated glacial 
sediments and alluvium.  However, due to the low permeability of the bedrock, there is poor 
hydraulic connection between the bedrock and the overlying water table aquifer.  Evidence of this 
poor hydraulic communication is seen near the old underground workings where piezometric levels 
in bedrock are substantially lower than those in the overlying sediments and Moose Creek.  
Although flow directions in the bedrock may be locally variable due to stratigraphic and structural 
complexities, in general the bedrock groundwater flow is towards Moose Creek. 
 
4.2 


4.2.1  General Groundwater Chemistry 
 
Groundwater quality monitoring completed to date indicates that the groundwaters in the proposed 
Permit Area are variable but generally of moderate to high quality.  Minimum, maximum and 
means of chemical characteristics of groundwaters in the proposed Permit Area are provided in 
Table 4-1, separated into bedrock and glacial/alluvial categories.  Analysis  of water from well H88-
13 has been omitted from Table 4-1 because of suspected water quality effects resulting from the 
use of mud in this hole.  
 


Groundwater Quality 
 


4.2.2  Suitability Classification 
 
Water quality criteria for the State of Alaska are promulgated in the Alaska Water Quality 
Standards, 18AAC.70.  The water quality criteria are combined with the water use designation (e.g. 
drinking, agricultural, aquacultural) to determine the water quality standard for a particular water 
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body.  Alaska Water Quality Standards incorporate by reference Federal Primary and Secondary 
Drinking Water Standards in addition to numerical criteria for other constituents not covered under 
Federal Regulations.  These include criteria for dissolved gases, pH, temperature, and dissolved 
inorganic substances including TDS, chloride and sulfate. 
 
Table 4-2 lists Federal Drinking Water Standards along with maximum concentrations measured 
during the baseline monitoring program. Groundwaters have not been tested for some parameters 
for which Federal Drinking Water Standards exist, including radionuclides, organics, and biological 
parameters because these parameters are not generally applicable to coal mining permit studies.  As 
indicated in Table 4-2, the groundwater samples generally meet Federal Primary Drinking Water 
Standards for which analytical tests have been run.  Details regarding the specific sample locations 
which exceed drinking water standards are presented in Table 4-3.  In general, groundwater from 
the glacial alluvial materials exceeds Federal Secondary Drinking Water Standards for iron and 
manganese while groundwater from the bedrock units exceeds drinking water standards for other 
various parameters. 
 
Water quality standards for agriculture and irrigation are specified in Section (1)(A)(ii) of 
18AAC.70.  Groundwater in the proposed Permit Area meets these standards with some 
exceptions. Water from H88-12 consistently exceeds the specified pH range of 5.0 to 9.0 while 
H88-11 and H88-16 have each exceeded this range once.  The 2.5 standard for sodium adsorption 
ratio has been consistently exceeded by water from wells H88-11, 12, 15, 16, 24, and H89-30, and 
occasionally by wells H88-24 and 25. 
 
The State of Alaska applies additional water quality standards under 18AAC.70 to regulate human 
activities which result in alteration to waters within the jurisdiction of the State.  Standards have 
been developed for different types of water use, including: 
 
A. Water Supply 


i. Drinking, culinary and food processing 
ii. Agriculture, including irrigation and stock watering 


iii. Aquiculture 
iv. Industrial 


 
B. Water Recreation 


i. Contact recreation 
ii. Secondary recreation 
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C. Growth and Propagation of Fish, Shellfish, other Aquatic Life, and Wildlife 
 
Unless otherwise designated, the most stringent standards applicable under each use will apply to 
discharges of groundwater.  Standards under particular use categories for several water quality 
parameters relevant to the proposed project include: 
 


• pH - "Shall not be less than 6.5 or greater than 8.5.  Shall not vary more than 0.5 pH units 
from natural conditions.  If the natural condition pH is outside this range, substances shall 
not be added that cause an increase in buffering capacity of the water" (Water Recreation - 
contact recreation). 


 
• Sodium Adsorption Ratio - "Dissolved inorganic Substances; Sodium adsorption ratio less 


than 2.5. (Water Supply - agriculture). 
 


• Dissolved Inorganic Substances - "Total dissolved solids from all sources shall not exceed 
500 mg/l.  Neither chlorides nor sulfates shall exceed 200 mg/l. (Water Supply - drinking 
water). 


 
• Dissolved Gas - "Dissolved oxygen shall be greater than 7 mg/l in water used by 


anadromous and resident fish...In no case shall dissolved oxygen above 17 mg/l be 
permitted." (Growth and Propagation of Fish, Shellfish, and other Aquatic Life and 
wildlife). 


 
 
The standards potentially apply to any releases of water at the site during operational and post 
closure periods. 
 
The baseline monitoring completed to date indicate relatively high groundwater quality.  No 
significant water quality problems have been identified in groundwaters of the Moose Creek 
watershed, with the exception that groundwaters possessing high sodium adsorption ratios are not 
suitable for irrigation supply. 
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5.0  CONCLUSIONS 
 
Two primary hydrogeologic units are present in the proposed Permit Area.  Tertiary sedimentary 
bedrock (the Chickaloon, Wishbone and Tsadaka Formations) composed of siltstone, mudstone, 
sandstone, claystone, coal and pebble conglomerate underlies the proposed mine site.  This unit is 
structurally complex due to folding and faulting.  In Mine Area 1 this unit ranges from relatively 
steeply dipping to flat-lying.  In Mine Area 2 the bedrock unit is uniformly steeply dipping.  Glacial 
sediments composed of a wide variety of materials from clayey and silty sands to well-graded 
gravels overlie bedrock in thicknesses typically from 5 to well over 100 feet.  Recent alluvial 
deposits are found adjacent to Moose Creek and appear to be of limited extent and depth.  Moose 
Creek is apparently flowing on or just above bedrock along much of its reach in and adjacent to the 
proposed Permit Area. 
 
The hydrogeology of the proposed Permit Area has been investigated by a field testing program that 
included six monitoring wells in sedimentary bedrock, two of which are of sufficient diameter to 
conduct pump testing, eleven monitoring wells in glacial and alluvial sediments, one of which is 
large diameter, two wells into the zone mined in the old Premier Mine (one well actually 
intercepted mine voids) and thirty seven pneumatic piezometers in thirteen drillholes into bedrock.   
 
Potentiometric levels measured in piezometers in bedrock were variable with depth.  In the majority 
of holes there was an overall decrease in head with depth indicating downward flow gradients in 
bedrock.  However, in some holes there was an overall increase in potentiometric level with depth 
indicating potential upward flow.   
 
The uppermost aquifer in the proposed Permit Area is located in the glacial and alluvial sediments.  
Based on water levels measured in monitoring wells completed in the uppermost aquifer, there is a 
major groundwater flow divide running east-west through the proposed Permit Area corresponding 
to a topographic divide.  Groundwater flows north and south from this major divide. 
 
In general, where glacial/alluvial and bedrock wells were located next to each other (e.g. H88-14 
and H88-10, H88-27 and H88-13) water levels in the glacial sediments were higher than water 
levels in bedrock.  Thus, groundwater in the glacial sediments is probably recharging the bedrock 
system over most of the site. 
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Hydraulic characteristics of the two major hydrogeologic units have been measured in slug tests 
conducted in both glacial/alluvial and bedrock wells, and two pump tests conducted in bedrock 
wells H88-15 and H88-16.  The pump test in H88-15, which is located in relatively flat lying 
bedrock, indicated a transmissivity in the test zone of approximately 1 to 5 ft2/day.  This 
corresponds to a hydraulic conductivity of 5x10-3 to 2.5x10-2 ft/day.  The pump test in H88-16, 
which is located in steeply dipping bedrock, indicated a transmissivity of 0.2 to 2 ft2/day and a 
hydraulic conductivity of 6x10-4 to 6x10-3 ft/day.  In general, hydraulic conductivity of the bedrock 
is quite low and it is not expected to be a major source of groundwater.  Hydraulic conductivity in 
the glacial/alluvial sediments is variable, ranging from approximately 0.008 to 52 ft/day.  The 
limited saturated thickness of this unit over much of the site, however, limits its potential for 
significant groundwater yields. 
 
Groundwater samples were collected from monitoring wells in November 1988, and February, 
May/June and July 1989.  The field and laboratory analyses conducted through July 1989 indicate 
that the groundwaters in the proposed Permit Area are of relatively high quality (i.e. they generally 
meet Federal drinking water standards). 
 
The pH of groundwater from glacial/alluvium wells ranged from 6.06 to 8.46 and averaged 7.31.  
Groundwater from bedrock wells ranged in pH from 6.96 to 11.45 and averaged 8.88.  Field 
conductivity measurements in glacial/alluvial wells ranged from 96 to 741 μmhos/cm and averaged 
217 μmhos/cm.  Bedrock wells ranged in field conductivity from 260 to 1441 μmhos/cm and 
averaged 968 μmhos/cm.  Total dissolved solids in glacial/alluvial wells generally ranged from 66 
to 202 mg/l (except well H88-25 which had a TDS concentration of 716 mg/l in November 1988, 
but subsequent concentrations have been in the range of 130 to 190 mg/l), and in bedrock wells 
from 142 to 834 mg/l.  Mean values of TDS for the glacial/alluvial wells and bedrock wells were 
138 mg/l and 423 mg/l respectively.  Well H88-13 had TDS concentrations ranging from 2750 mg/l 
to 1850 mg/l during the four sampling rounds.  These high values were probably the result of the 
use of drilling mud in this hole. 
 
Concentrations of trace constituents, primarily metals, were generally quite low.  Most trace 
constituents were near or below their detection limits.  Nutrient levels in groundwater were 
variable.  Total organic phosphorous ranged from <0.001 to 3.14 mg/l.  Total Kjeldahl nitrogen 
concentrations were generally below 7.4 mg/l except for high values of 206 to 10.8 mg/l measured 
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in H88-19 which is a glacial/alluvial well located immediately down-gradient of old mine spoils.  
Nitrate concentrations were low with a maximum of 7.54 mg/l and nitrite was at a maximum 
concentration of 0.05. 
 
The major dissolved species in groundwaters were calcium, sodium, potassium and bicarbonate 
with maximum concentrations of 57, 351, 8.8 and 906 mg/l, respectively.  Bicarbonate was the 
predominant anion in all wells except H88-12 and 25.  In H88-12 carbonate was dominant during 
the November 1988, February 1989 and July 1989 rounds as a result of high pH (11.45 to 10.26) 
while chloride was slightly dominant in H88-25.  Sodium and potassium were the dominant cations 
in bedrock wells except in H88-10 and H89-29 in which calcium was dominant.  In 
glacial/alluvium wells calcium was dominant in all wells except H88-24A and 25 where sodium 
and potassium were dominant. 
 
Bedrock wells contained predominantly sodium-potassium-bicarbonate type groundwaters.  The 
glacial/alluvial wells generally contained calcium-bicarbonate type groundwaters. 
 
With certain exceptions, groundwaters sampled at the site met Federal Drinking Water Standards.  
These exceptions are detailed in Table 4-3 and include, in general, concentrations of iron, 
manganese and selenium in several glacial/alluvial wells and values of pH, TDS, barium and 
fluoride in several bedrock wells.  Relatively high sodium adsorption ratios in wells H88-11, 12, 13, 
15, 16, 24A, 25 and H89-30 exceeded Alaska State standards for irrigation water. 
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Table 1 - Piezometric Head Elevation Data


Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


8/30/1988 117.00 269.30 842.40
9/22/1988 114.00 262.40 835.50


11/15/1988 116.50 268.10 841.20
11/16/1988 116.00 267.00 840.10
11/16/1988 113.00 260.10 833.20
11/17/1988 114.50 263.60 836.70
11/17/1988 106.00 244.10 817.20
11/17/1988 105.00 241.80 814.90
11/17/1988 116.50 268.10 841.20
11/18/1988 114.95 264.60 837.70


3/1/1989 92.50 213.10 786.20
3/29/1989 106.00 244.10 817.20
4/18/1989 114.90 264.50 837.60
6/17/1989 118.00 271.60 844.70
7/13/1989 115.90 266.80 839.90
8/23/1989 116.00 267.00 840.10
9/22/1989 116.00 267.00 840.10


10/20/1989 115.00 264.70 837.80
6/8/1990 120.00 276.20 849.30


7/16/1990 121.00 278.40 851.50
8/29/1990 119.00 273.90 847.00
9/25/1990 118.50 272.70 845.80
11/3/1990 117.00 269.30 842.40


10/29/2008 121.60 280.90 854.00
10/29/2008 121.70 281.13 854.23
10/29/2008 121.80 281.36 854.46


1/20/2009 122.70 283.44 856.54


Zero at 2.4, 
needs gas 
cap


1/20/2009 122.80 283.67 856.77


Zero at 2.4, 
needs gas 
cap


8/30/1988 102.00 235.00 875.10
9/22/1988 98.00 225.90 866.00


11/15/1988 99.00 228.20 868.30
11/16/1988 97.00 223.60 863.70
11/16/1988 98.00 225.90 866.00
11/17/1988 98.95 228.00 868.10
11/17/1988 96.00 221.30 861.40
11/17/1988 97.50 224.70 864.80
11/17/1988 97.00 223.60 863.70


1 573.10PB-7


2 640.10







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/18/1988 96.95 223.50 863.60
3/1/1989 98.00 225.90 866.00


3/29/1989 98.00 225.90 866.00
4/18/1989 96.00 221.30 861.40
6/17/1989 99.00 228.20 868.30
7/13/1989 97.00 223.60 863.70
8/23/1989 97.00 223.60 863.70
9/22/1989 97.00 223.60 863.70


10/20/1989 96.00 221.30 861.40
12/28/1989 94.50 217.80 857.90
5/16/1990 100.05 230.60 870.70
6/8/1990 100.00 230.40 870.50


7/16/1990 101.00 232.70 872.80
8/29/1990 100.00 230.40 870.50
9/25/1990 98.50 227.00 867.10
11/3/1990 98.00 225.90 866.00


10/29/2008 100.60 232.39 872.49
10/29/2008 100.50 232.16 872.26
10/29/2008 100.10 231.23 871.33


1/20/2009 101.90 235.39 875.49


Zero at 2.2, 
needs small 
cap


1/20/2009 101.80 235.16 875.26


Zero at 2.2, 
needs small 
cap


8/30/1988 68.00 156.90 855.00
9/22/1988 65.00 150.00 848.10


11/15/1988 66.50 153.50 851.60
11/16/1988 66.95 154.50 852.60
11/16/1988 65.00 150.00 848.10
11/17/1988 65.00 150.00 848.10
11/17/1988 66.00 152.30 850.40
11/18/1989 65.00 150.00 848.10


3/1/1989 66.20 152.80 850.90
3/29/1989 66.00 152.30 850.40
4/18/1989 65.00 150.00 848.10
6/17/1989 67.00 154.60 852.70
7/13/1989 65.00 150.00 848.10
8/23/1989 66.50 151.20 849.30
9/22/1989 66.00 152.30 850.40


10/20/1989 66.50 153.50 851.60
12/28/1989 64.00 147.70 845.80
5/16/1990 69.95 161.40 859.50


PB-7 2 640.10


3 698.10







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


6/8/1990 69.90 161.30 859.40
7/16/1990 70.00 161.50 859.60
8/29/1990 70.00 161.50 859.60
9/25/1990 67.95 156.80 854.90
11/3/1990 66.00 152.30 850.40
8/30/1988 114.00 280.20 870.40
9/22/1988 112.00 275.30 865.50


11/15/1988 114.50 281.50 871.70
11/16/1988 115.00 282.70 872.90
11/16/1988 113.95 280.10 870.30
11/16/1988 114.00 280.20 870.40
11/17/1988 113.00 277.80 868.00
11/17/1988 113.50 279.00 869.20
11/17/1988 114.00 280.20 870.40
11/17/1988 113.95 280.10 870.30
11/18/1988 113.00 277.80 868.00
11/18/1988 102.95 253.20 843.40


3/1/1989 112.00 275.30 865.50
3/29/1989 115.00 282.70 872.90
4/18/1989 114.00 280.20 870.40
6/17/1989 118.00 290.00 880.20
7/13/1989 115.00 282.70 872.90
8/23/1989 112.00 275.30 865.50
9/22/1989 115.50 283.90 874.10


10/20/1989 116.50 286.30 876.50
12/29/1989 100.00 246.00 836.20


6/8/1990 120.00 294.90 885.10
7/16/1990 121.00 297.30 887.50
8/29/1990 100.00 246.00 836.20
9/25/1990 118.00 290.00 880.20
11/3/1990 116.00 285.10 875.30


10/29/2008 123.80 285.98 876.18
10/29/2008 124.00 286.44 876.64
1/21/2009 125.10 288.98 879.18 Zero at 3.0
1/21/2009 125.00 288.75 878.95 Zero at 3.0
8/30/1988 81.00 188.30 854.00
9/22/1988 60.00 140.10 805.80


11/15/1988 82.00 190.50 856.20
11/16/1988 81.00 188.30 854.00
11/16/1988 82.00 190.50 856.20
11/17/1988 81.50 189.40 855.10
11/17/1988 81.95 190.40 856.10


698.10


2 665.70


PB-8


PB-7 3


1 590.20







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/17/1988 80.00 186.00 851.70
11/17/1988 81.00 188.30 854.00
11/18/1988 80.00 186.00 851.70
11/18/1988 80.95 188.10 853.80


3/1/1989 82.00 190.50 856.20
3/29/1989 82.00 190.50 856.20
4/18/1989 82.00 190.50 856.20
6/17/1989 86.00 199.70 865.40
7/13/1989 82.50 191.70 857.40
8/23/1989 83.00 192.80 858.50
9/22/1989 83.00 192.80 858.50


10/20/1989 83.50 194.00 859.70
12/29/1989 81.90 190.30 856.00
5/16/1990 85.75 199.10 864.80
6/8/1990 87.50 203.10 868.80


7/16/1990 88.00 204.30 870.00
8/29/1990 86.95 201.90 867.60
9/25/1990 86.00 199.70 865.40
11/3/1990 86.00 199.70 865.40


10/29/2008 88.10 203.51 869.21
10/29/2008 88.90 205.36 871.06
1/21/2009 89.60 206.98 872.68 Zero at 3.0
1/21/2009 89.90 207.67 873.37 Zero at 3.0
8/30/1988 60.00 138.80 856.50
9/22/1988 58.00 134.30 852.00


11/15/1988 59.95 138.70 856.40
11/16/1988 60.00 138.80 856.50
11/16/1988 58.00 134.80 852.00
11/16/1988 58.95 136.40 854.10
11/17/1988 57.00 132.00 849.70
11/17/1988 58.00 134.30 852.00
11/17/1988 58.50 135.40 853.10
11/18/1988 58.00 134.30 852.00
11/18/1988 57.95 134.10 851.80


3/1/1989 50.95 118.10 835.80
3/29/1989 60.00 138.80 856.50
4/18/1989 58.00 134.40 852.00
6/17/1989 62.00 143.40 861.10
7/13/1989 59.00 136.50 854.20
8/23/1989 59.00 136.00 854.20
9/22/1989 59.00 136.50 854.20


10/20/1989 60.00 138.80 856.50


717.70


PB-8 2 665.70


3







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


12/29/1989 59.00 136.50 854.20
5/16/1990 60.75 140.60 858.30
6/8/1990 53.00 122.80 840.50


7/16/1990 63.50 146.90 864.60
8/29/1990 63.00 145.70 863.40
9/25/1990 62.00 143.40 861.10
11/3/1990 60.00 138.80 856.50


10/29/2008 64.80 149.69 867.39
1/21/2009 66.50 153.62 871.32 Zero at 2.9
1/21/2009 66.60 153.85 871.55 Zero at 2.9


10/15/1988 104.00 239.80 1000.10
11/9/1988 106.00 244.40 1004.70


11/10/1988 106.01 244.40 1004.70
11/10/1988 107.80 248.60 1008.90
11/11/1988 105.00 242.10 1002.40
11/11/1988 104.00 239.80 1000.10
11/11/1988 105.80 244.00 1004.30
11/12/1988 106.00 244.40 1004.70
11/13/1988 106.00 245.60 1004.70
11/14/1988 106.50 245.60 1005.90
11/14/1988 107.00 246.70 1004.70
11/14/1988 106.00 244.40 1005.90
11/15/1988 106.00 244.40 1004.70
11/15/1988 106.50 245.60 1005.90
11/15/1988 107.50 247.90 1008.20
2/28/1989 105.00 242.10 1002.40
3/29/1989 106.00 244.40 1004.70
4/19/1989 106.00 244.40 1004.70
6/8/1989 110.00 253.60 1013.90


6/17/1989 108.00 249.00 1009.30
7/13/1989 108.00 249.00 1009.30
8/23/1989 107.00 246.70 1007.00
9/22/1989 4107.50 247.90 1008.20


10/20/1989 107.00 246.70 1007.00
12/28/1989 106.00 244.40 1004.70


6/8/1990 110.00 253.60 1013.90
7/16/1990 112.00 258.20 1018.50
8/29/1990 111.00 255.90 1016.20
9/25/1990 108.50 250.20 1010.50
11/3/1990 100.00 230.60 990.90


10/27/2008 117.10 270.50 1030.80
10/27/2008 117.30 270.96 1031.26


717.73PB-8


1 760.30PB-12







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


1/20/2009 117.80 272.12 1032.42 Zero at 2.3
1/20/2009 117.90 272.35 1032.65 Zero at 2.3


10/15/1988 68.00 157.00 1025.70
11/9/1988 74.00 170.70 1039.40


11/10/1988 74.50 171.80 1040.50
11/10/1988 73.95 170.60 1039.30
11/10/1988 75.90 175.10 1043.80
11/11/1988 71.00 163.80 1032.50
11/11/1988 70.40 162.50 1031.20
11/11/1988 70.00 161.50 1030.20
11/11/1988 71.50 165.00 1033.70
11/12/1988 60.00 138.60 1007.30
11/13/1988 72.00 166.10 1034.80
11/14/1988 71.95 166.00 1034.70
11/14/1988 72.95 168.30 1037.00
11/14/1988 73.00 168.40 1037.10
11/14/1988 62.00 143.20 1011.90
11/14/1988 72.00 166.10 1034.80
11/15/1988 70.50 162.70 1031.40
11/15/1988 71.00 163.80 1032.50
11/15/1988 70.00 161.50 1030.20
11/15/1988 71.95 166.00 1034.70
2/28/1989 72.50 167.30 1036.00
3/29/1989 74.00 170.70 1039.40
4/19/1989 74.00 170.70 1039.40
6/17/1989 75.00 173.00 1041.70
7/13/1989 75.90 175.10 1043.80
8/23/1989 74.50 171.80 1040.50
9/22/1989 76.00 175.30 1044.00


10/20/1989 74.00 170.70 1039.40
12/28/1989 74.00 170.70 1039.40
5/16/1990 80.00 184.40 1053.10
6/8/1990 80.00 184.40 1053.10


7/16/1990 80.00 184.40 1053.10
8/29/1990 78.50 181.00 1049.70
9/25/1990 77.00 177.60 1046.30
11/3/1990 76.00 175.30 1044.00


10/27/2008 78.20 180.64 1049.34
10/27/2008 78.30 180.87 1049.57
1/20/2009 78.50 181.34 1050.04 Zero at 2.1
1/20/2009 79.00 182.49 1051.19 Zero at 2.1
1/20/2009 78.90 182.26 1050.96 Zero at 2.1


1 760.30PB-12


2 868.70







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


10/15/1988 24.00 56.70 1009.20
11/9/1988 39.50 92.20 1044.70


11/10/1988 25.50 60.20 1012.70
11/10/1988 40.90 95.40 1047.90
11/10/1988 39.90 93.20 1045.70
11/11/1988 38.00 88.80 1041.30
11/11/1988 39.80 92.90 1045.40
11/11/1988 40.10 93.60 1046.10
11/12/1989 38.00 88.80 1041.30
11/13/1988 40.00 93.40 1045.90
11/14/1988 40.00 93.40 1045.90
11/14/1988 39.50 92.20 1044.70
11/14/1988 39.95 93.30 1045.80
11/15/1988 39.50 92.20 1044.70
11/15/1988 38.00 88.80 1041.30
11/15/1988 39.00 91.10 1043.60
2/28/1989 38.50 89.90 1042.40
3/29/1989 39.00 91.10 1043.60
4/19/1989 39.00 91.10 1043.60
6/17/1989 40.00 93.40 1045.90
7/13/1989 41.00 95.70 1048.20
8/23/1989 39.50 92.20 1044.70
9/22/1989 40.00 95.70 1048.20


10/20/1989 39.00 91.10 1043.60
12/28/1989 40.00 93.40 1045.90
5/16/1990 40.95 95.60 1048.10
6/8/1990 45.00 104.80 1057.30


7/16/1990 45.00 104.90 1057.40
8/29/1990 44.00 102.60 1055.10
9/25/1990 43.00 100.30 1052.80
11/3/1990 42.00 98.00 1050.50


10/27/2008 41.20 95.17 1047.67
10/27/2008 41.10 94.94 1047.44
10/27/2008 41.40 95.63 1048.13
1/20/2009 42.70 98.64 1051.14 Zero at 2.1
8/31/1988 0.00 1.10 988.60
11/9/1988 25.00 58.40 1045.90


11/10/1988 25.90 60.50 1048.00
11/10/1988 40.00 92.80 1080.30
11/10/1988 26.00 60.70 1048.20
11/11/1988 26.50 61.80 1049.30
11/11/1988 25.00 58.40 1045.90


PB-12


4 987.50


3 952.50







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/11/1988 26.00 60.70 1048.20
11/11/1988 27.00 63.00 1050.50
11/12/1989 26.00 60.70 1048.20
11/13/1989 26.00 60.70 1048.20
11/14/1988 29.95 69.70 1057.20
11/14/1988 27.95 65.20 1052.70
11/14/1988 26.00 60.70 1048.20
11/14/1988 26.50 61.80 1049.30
11/15/1989 25.00 58.40 1045.90
11/15/1989 26.00 60.70 1048.20
2/28/1989 24.00 56.10 1043.60
3/29/1989 26.00 60.70 1048.20
4/19/1989 25.90 60.50 1048.00
8/23/1989 25.00 58.40 1045.90
9/22/1989 27.00 63.00 1050.50


10/20/1989 25.00 58.40 1045.90
12/28/1989 24.00 56.10 1043.60
5/16/1990 25.85 60.30 1047.80
6/8/1990 30.00 69.90 1057.40


6/17/1989 26.00 60.70 1048.20
7/13/1989 26.00 60.70 1048.20
7/16/1990 29.00 67.60 1055.10
8/29/2009 29.00 67.60 1055.10
9/25/1990 28.00 65.30 1052.80
11/3/1990 28.00 65.30 1052.80


10/27/2008 26.60 61.45 1048.95
10/27/2008 26.70 61.68 1049.18
1/20/2009 28.20 65.14 1052.64 Zero at 2.1
1/20/2009 28.10 64.91 1052.41 Zero at 2.1
8/27/1988 130.00 299.20 1047.00
8/30/1988 130.00 299.20 1047.00
9/22/1988 129.00 296.90 1044.70


10/15/1988 128.00 294.70 1042.50
11/9/1988 129.70 298.60 1046.40


11/10/1988 130.00 299.20 1047.00
11/10/1988 31.00 72.10 819.90
11/11/1988 128.00 294.70 1042.50
11/11/1988 129.00 296.90 1044.70
11/11/1988 128.20 295.10 1042.90
11/12/1988 129.00 296.90 1044.70
11/13/1989 130.00 299.20 1047.00
11/14/1988 131.50 302.70 1050.50


4 987.50PB-12


PB-13 1 747.80







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/14/1988 129.95 299.10 1046.90
11/14/1988 130.00 299.20 1047.00
11/15/1988 131.00 301.50 1049.30
11/15/1988 130.00 299.20 1047.00
2/28/1989 129.00 296.90 1044.70
3/29/1989 129.00 296.90 1044.70
4/19/1989 129.50 298.10 1045.90
6/17/1989 132.00 303.80 1051.60
7/13/1989 131.50 302.70 1050.50
8/23/1989 130.00 299.20 1047.00
9/22/1989 130.00 299.20 1047.00


10/21/1989 128.50 295.80 1043.60
12/27/1989 130.00 299.20 1047.00


6/8/1990 132.50 305.00 1052.80
7/16/1990 136.00 313.00 1060.80
8/29/1990 133.95 308.30 1056.10
9/25/1990 132.00 303.80 1051.60
11/3/1990 132.00 303.80 1051.60


10/27/2008 135.30 312.54 1060.34
10/27/2008 134.40 310.46 1058.26
10/27/2008 134.50 310.70 1058.50
1/19/2009 135.60 313.24 1061.04 Zero at 2.4
1/19/2009 136.60 315.55 1063.35 Zero at 2.4
8/27/1988 97.00 223.80 1049.60
8/30/1988 95.00 219.30 1045.10
9/22/1988 96.00 221.60 1047.40


10/15/1988 95.00 219.30 1045.10
11/9/1988 96.00 221.60 1047.40


11/10/1988 98.00 226.10 1051.90
11/10/1988 96.00 221.60 1047.70
11/10/1988 96.50 222.70 1048.50
11/11/1988 96.00 221.60 1047.40
11/11/1988 97.00 223.80 1049.60
11/12/1988 97.00 223.80 1049.60
11/13/1988 97.95 226.00 1051.80
11/14/1988 96.95 223.70 1049.50
11/14/1988 96.00 221.60 1047.40
11/14/1988 97.00 223.80 1049.60
11/14/1988 97.95 226.00 1051.80
11/15/1988 97.95 226.00 1051.80
11/15/1988 97.00 223.80 1049.60
11/15/1988 96.50 222.70 1048.50


747.801PB-13


2 825.80







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


2/28/1989 96.00 221.60 1047.40
3/29/1989 96.00 221.60 1047.40
4/19/1989 96.00 221.60 1047.40
6/17/1989 98.00 226.10 1051.90
7/13/1989 98.00 226.10 1051.90
8/23/1989 97.00 223.80 1049.60
9/22/1989 97.50 225.00 1050.80


10/21/1989 96.00 221.60 1047.40
12/27/1989 98.00 226.10 1051.90


6/8/1990 101.00 233.00 1058.80
7/16/1990 102.00 235.30 1061.10
8/29/1990 100.00 230.70 1056.50
9/25/1990 100.00 230.70 1056.50
11/3/1990 100.00 230.70 1056.50


10/27/2008 99.20 229.15 1054.95
10/27/2008 100.40 231.92 1057.72
1/19/2009 102.50 236.78 1062.58 Zero at 2.3
1/19/2009 101.80 235.16 1060.96 Zero at 2.3
1/19/2009 102.20 236.08 1061.88 Zero at 2.3
8/27/1988 76.00 175.50 1056.30
8/30/1988 74.00 171.00 1051.80
9/22/1988 74.00 171.00 1051.80


10/15/1988 75.00 173.20 1054.00
11/9/1988 76.00 175.50 1056.30


11/10/1988 76.20 176.00 1056.80
11/10/1988 77.90 179.90 1060.70
11/10/1988 76.10 175.80 1056.60
11/11/1988 76.50 176.70 1057.50
11/11/1988 76.00 175.50 1056.30
11/12/1988 77.00 177.80 1058.60
11/13/1988 77.00 177.80 1058.60
11/14/1988 77.00 177.80 1058.60
11/14/1988 76.00 175.50 1056.30
11/14/1988 76.95 177.70 1058.50
11/15/1988 76.00 175.50 1056.30
11/15/1988 76.50 176.70 1057.50
11/15/1988 66.50 153.70 1034.50
2/28/1989 64.50 149.20 1030.00
3/29/1989 74.00 171.00 1051.80
4/19/1989 74.00 171.00 1051.80
6/17/1989 78.00 180.10 1060.90
7/13/1989 77.50 179.00 1059.80


825.802PB-13


3 880.80







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


8/23/1989 77.00 177.80 1058.60
9/22/1989 76.00 175.50 1056.30


10/21/1989 75.90 175.30 1056.10
12/27/1989 77.50 179.00 1059.80
5/16/1990 80.75 186.40 1067.20
6/8/1990 82.00 189.30 1070.10


7/16/1990 81.90 189.10 1069.90
8/29/1990 79.00 182.40 1063.20
9/25/1990 78.00 180.10 1060.90
11/3/1990 79.00 182.40 1063.20


10/27/2008 79.20 182.95 1063.75
10/27/2008 79.60 183.88 1064.68
1/19/2009 80.80 186.65 1067.45 Zero at 2.3
1/19/2009 80.70 186.42 1067.22 Zero at 2.3
8/27/1988 38.00 88.10 1058.90
8/30/1988 46.00 106.40 1077.20
9/22/1988 35.00 81.20 1052.00


10/15/1988 35.00 81.20 1052.00
11/9/1988 36.00 83.50 1054.30


11/10/1988 36.10 83.70 1054.50
11/10/1988 36.59 84.90 1055.70
11/10/1988 37.95 88.00 1058.80
11/11/1988 38.00 88.10 1058.90
11/11/1988 37.50 86.90 1057.70
11/12/1988 37.00 85.80 1056.60
11/13/1988 38.00 88.10 1058.90
11/14/1988 38.95 90.30 1061.10
11/14/1988 37.00 85.80 1056.60
11/14/1988 37.95 88.00 1058.80
11/14/1988 36.95 85.70 1056.50
11/14/1988 37.50 86.90 1057.70
5/16/1990 40.50 93.80 1064.60


11/15/1988 37.00 85.80 1056.60
2/28/1989 38.00 88.10 1058.90
3/29/1989 37.00 85.80 1056.60
4/19/1989 36.00 83.50 1054.30
6/17/1989 38.00 88.10 1058.90
7/13/1989 37.50 86.90 1057.70
8/23/1989 37.00 85.80 1056.60
9/22/1989 38.00 88.10 1058.90


10/21/1989 36.00 83.50 1054.30
12/27/1989 38.00 88.10 1058.90


970.80


880.803PB-13


4







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


6/8/1990 40.50 93.80 1064.60
7/16/1990 40.00 92.70 1063.50
8/29/1990 39.95 92.50 1063.30
9/25/1990 40.00 92.70 1063.50
11/3/1990 39.95 92.50 1063.30


10/27/2008 38.90 89.86 1060.66
10/27/2008 38.80 89.63 1060.43
1/19/2009 41.10 94.94 1065.74 Zero at 2.3
8/27/1988 67.00 154.30 870.50
8/30/1988 57.00 131.40 847.50
9/22/1988 65.00 149.70 865.90


11/15/1988 57.00 131.40 847.60
11/16/1988 66.00 152.00 868.20
11/16/1988 67.00 154.30 870.50
11/17/1988 65.50 150.90 867.10
11/17/1988 65.00 149.70 865.90
11/17/1988 66.00 152.00 868.20
11/17/1988 66.50 153.20 869.40
11/18/1988 65.50 150.90 867.10


3/1/1989 66.00 152.00 868.20
3/29/1989 66.00 152.00 868.20
4/18/1989 66.00 152.00 868.20
6/17/1989 67.00 154.30 870.50
7/13/1989 56.00 129.10 845.30
8/23/1989 66.00 152.00 868.20
9/22/1989 67.00 154.30 870.50


10/20/1989 66.00 152.00 868.20
12/29/1989 79.90 183.80 900.00
5/16/1990 70.25 161.80 878.00
6/8/1990 79.85 183.70 899.90


7/16/1990 70.90 163.20 879.40
8/29/1990 70.00 161.20 877.40
9/25/1990 58.95 135.90 852.10
11/3/1990 68.00 156.60 872.80
8/27/1988 42.00 100.60 875.10
8/30/1988 43.00 102.80 877.30
9/22/1988 41.00 98.30 872.80


11/15/1988 42.00 100.60 875.10
11/16/1988 41.00 98.30 872.80
11/16/1988 42.00 100.60 875.10
11/17/1988 41.00 98.30 872.80
11/17/1988 42.00 100.60 875.10


970.84PB-13


PB-60


2 774.50


1 716.20







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/17/1988 41.50 99.40 873.90
11/17/1988 40.95 98.20 872.70
11/18/1988 41.00 98.30 872.80


3/1/1989 41.95 100.40 874.90
3/29/1989 41.00 98.30 872.80
4/18/1989 42.00 100.60 875.10
6/17/1989 42.00 100.60 875.10
7/13/1989 42.00 100.60 875.10
8/23/1989 41.00 98.30 872.80
9/22/1989 62.50 147.30 921.80


10/20/1989 42.00 100.60 875.10
12/29/1989 40.50 97.10 871.60
5/16/1990 45.15 107.80 882.30
6/8/1990 40.55 97.30 871.80


7/16/1990 45.90 109.50 884.00
8/29/1990 46.00 109.70 884.20
9/25/1990 45.00 107.40 881.90
11/3/1990 44.00 105.10 879.60
8/30/1988 67.00 154.60 975.40
11/9/1988 66.50 153.40 974.20


11/10/1988 67.89 156.60 977.40
11/13/1988 67.95 156.80 977.60


3/1/1989 68.00 156.90 977.70
3/29/1989 66.00 152.30 973.10
4/19/1989 68.00 156.90 977.70
6/17/1989 69.00 159.20 980.00
7/13/1989 69.00 159.20 980.00
8/23/1989 70.00 161.50 982.30
9/22/1989 70.00 161.50 982.30


10/20/1989 69.00 159.20 980.00
12/28/1989 68.00 156.90 977.70
5/16/1990 70.85 163.40 984.20
6/8/1990 73.50 169.50 990.30


7/16/1990 74.00 170.60 991.40
8/29/1990 71.95 165.90 986.70
9/25/1990 71.00 163.80 984.60
11/3/1990 70.00 161.50 982.30
1/20/2009 74.30 171.63 992.43 Zero at 2.3
1/20/2009 74.40 171.86 992.66 Zero at 2.3
1/20/2009 74.80 172.79 993.59 Zero at 2.3


10/29/2008 73.40 169.55 990.35
10/29/2008 73.10 168.86 989.66


PB-60 2 774.50


PB-88 1 820.80







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


6/8/1990 135.00 310.20 991.70
7/16/1990 136.00 312.50 994.00
8/29/1990 134.00 307.90 989.40
9/25/1990 132.95 305.50 987.00
11/3/1990 132.00 303.30 984.80


1/20/2009 144.50 333.80 1015.30


Zero at 2.3, 
needs 
cover bag 
for piezo 
ends


1/20/2009 144.80 334.49 1015.99


Zero at 2.3, 
needs 
cover bag 
for piezo 
ends


1/20/2009 145.20 335.41 1016.91


Zero at 2.3, 
needs 
cover bag 
for piezo 
ends


10/27/2008 144.40 333.56 1015.06
10/27/2008 144.50 333.80 1015.30


6/8/1990 138.00 317.30 1070.20
7/16/1990 136.25 313.30 1066.20
8/29/1990 133.00 305.90 1058.80
9/25/1990 134.00 308.10 1061.00
11/3/1990 133.00 305.90 1058.80
1/20/2009 138.00 318.78 1071.68 Zero at 2.1
1/20/2009 138.20 319.24 1072.14 Zero at 2.1
1/20/2009 138.30 319.47 1072.37 Zero at 2.1


10/27/2008 137.30 317.16 1070.06
10/27/2008 138.10 319.01 1071.91
12/28/1989 103.90 239.10 1061.50


6/8/1990 109.00 250.80 1073.20
7/16/1990 110.00 253.10 1075.50
8/29/1990 107.00 246.20 1068.60
9/25/1990 106.00 243.90 1066.30
11/3/1990 106.00 243.90 1066.30
1/20/2009 110.20 254.56 1076.96 Zero at 2.1
1/20/2009 110.10 254.33 1076.73 Zero at 2.1


10/27/2008 109.20 252.25 1074.65
10/27/2008 109.40 252.71 1075.11
8/27/1988 147.60 340.90 1020.50
8/30/1988 96.00 222.40 902.00


PB-100 1 679.60


3 822.40


PB-92 1 681.50


2 752.90







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


9/22/1988 89.40 207.30 886.90
11/9/1988 86.50 200.60 880.20


11/10/1988 87.90 203.80 883.40
11/12/1988 76.95 178.70 858.30
11/13/1988 78.00 181.10 860.70
11/14/1988 77.95 181.00 860.60


3/1/1989 112.00 259.10 938.70
3/29/1989 114.00 263.70 943.30
4/19/1989 118.00 272.90 952.50
6/17/1989 123.00 284.40 964.00
7/13/1989 122.50 283.20 962.80
8/23/1989 124.50 287.80 967.40
9/22/1989 126.00 291.30 970.90


10/20/1989 124.00 286.70 966.30
12/28/1989 126.00 291.30 970.90


6/8/1990 135.00 311.90 991.50
7/16/1990 136.00 314.20 993.80
8/29/1990 134.00 309.60 989.20
9/25/1990 133.00 307.30 986.90
11/3/1990 134.00 309.60 989.20


10/27/2008 153.40 354.35 1033.95
10/27/2008 153.50 354.59 1034.19
10/27/2008 153.20 353.89 1033.49


1/20/2009 153.30 354.12 1033.72


Zero at 2.3, 
needs 
larger lock


1/20/2009 152.90 353.20 1032.80


Zero at 2.3, 
needs 
larger lock


1/20/2009 153.20 353.89 1033.49


Zero at 2.3, 
needs 
larger lock


8/27/1988 58.00 134.50 1056.60
8/30/1988 57.00 132.20 1054.30
9/22/1988 57.30 132.90 1055.00
11/9/1988 57.00 132.00 1054.30


11/12/1988 57.90 134.30 1056.40
11/12/1988 57.00 132.20 1054.30
11/13/1988 58.00 134.50 1056.60
11/14/1988 57.95 134.40 1056.50


3/1/1989 57.90 134.30 1056.40
3/29/1989 56.00 129.90 1052.00
4/19/1989 66.50 154.00 1076.10


PB-100


2 922.10


679.601







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


6/17/1989 58.00 134.50 1056.60
7/13/1989 57.00 132.20 1054.30
8/23/1989 57.00 132.20 1054.30
9/22/1989 58.00 134.50 1056.60


10/20/1989 57.00 132.20 1054.30
12/28/1989 58.00 134.50 1056.60
5/16/1990 55.15 128.00 1050.10
6/8/1990 51.00 118.40 1040.50


8/29/1990 57.00 132.20 1054.30
9/25/1990 58.00 134.50 1056.60
11/3/1990 58.00 134.50 1056.60


1/20/2009 63.00 145.53 1067.63


Zero at 2.2, 
had frozen 
plug, needs 
dust cap


1/20/2009 63.10 145.76 1067.86


Zero at 2.2, 
had frozen 
plug, needs 
dust cap


8/30/1988 80.00 184.30 746.60
9/22/1988 78.00 179.70 742.00
4/18/1989 77.00 177.40 739.70
1/2/1990 76.00 175.20 737.50


5/16/1990 80.75 186.00 748.30
6/8/1990 81.00 186.60 748.90


7/16/1990 82.00 188.90 751.20
8/29/1990 81.50 187.70 750.00
9/25/1990 80.00 184.30 746.60


10/29/2008 83.80 193.58 755.88
10/29/2008 83.60 193.58 755.88
10/29/2008 83.70 193.35 755.65
1/20/2009 84.60 195.43 757.73 Zero at 2.1
1/20/2009 84.70 195.66 757.96 Zero at 2.1
8/30/1988 40.00 93.20 711.00
3/29/1989 38.00 88.60 706.40
4/18/1989 36.50 85.10 702.90
6/17/1989 41.00 95.50 713.30
7/13/1989 42.00 97.70 715.50
1/3/1990 38.00 88.60 706.40


5/16/1990 45.45 105.70 723.50


PB-101


3 617.80


PB-100 2 922.10


2 562.30







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


6/8/1990 44.95 104.50 722.30
7/16/1990 44.00 102.30 720.10
8/29/1990 42.00 97.70 715.50
9/25/1990 44.00 102.30 720.10


10/29/2008 42.00 97.02 714.82
1/20/2009 41.80 96.56 714.36 Zero at 2.1
1/20/2009 41.70 96.33 714.13 Zero at 2.1
9/22/1988 139.00 320.00 1032.60


10/15/1988 135.00 310.80 1023.40
11/9/1988 136.00 313.10 1025.70


11/10/1988 138.00 317.70 1030.30
11/11/1988 131.00 301.60 1014.20
11/11/1988 130.50 300.50 1013.10
11/12/1988 132.00 303.90 1016.50
11/13/1988 134.50 309.70 1022.30
11/14/1988 135.00 310.80 1023.40
11/14/1988 136.00 313.10 1025.70
11/14/1988 134.00 308.50 1021.10
11/15/1988 134.00 308.50 1021.10
2/28/1989 136.00 313.10 1025.70
3/29/1989 136.00 313.10 1025.70
4/19/1989 137.50 316.60 1029.20
6/17/1989 140.00 322.30 1034.90
7/13/1989 139.00 320.00 1032.60
8/23/1989 138.00 317.70 1030.30
9/22/1989 139.50 321.10 1033.70


10/21/1989 136.00 313.10 1025.70
12/20/1989 138.00 317.70 1030.30


6/8/1990 143.00 329.20 1041.80
7/16/1990 144.00 331.50 1044.10
8/29/1990 141.95 326.80 1039.40
9/25/1990 140.00 322.30 1034.90
11/3/1990 142.00 326.90 1039.50


10/27/2008 142.30 328.71 1041.31
10/27/2008 142.00 328.02 1040.62
10/27/2008 142.20 328.48 1041.08
1/19/2009 144.20 333.10 1045.70 Zero at 2.4
1/19/2009 144.50 333.80 1046.40 Zero at 2.4
9/22/1988 83.00 191.50 1010.60


10/15/1988 81.00 186.90 1006.00
11/9/1988 80.50 185.80 1004.90


11/10/1988 82.00 189.20 1008.30


PB-102


2 819.10


PB-101 3 617.80


1 712.60







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/10/1988 81.95 189.10 1008.20
11/10/1988 81.00 186.90 1006.00
11/11/1988 81.00 186.90 1006.00
11/11/1988 83.00 191.50 1010.60
11/12/1988 81.95 189.10 1008.20
11/13/1988 82.00 189.20 1008.30
11/14/1988 80.95 186.80 1005.90
11/14/1988 72.00 166.30 985.40
11/14/1988 82.00 189.20 1008.30
11/14/1988 81.95 189.10 1008.20
11/14/1988 82.00 189.20 1008.30
11/14/1988 81.00 186.90 1006.00
11/15/1988 81.95 189.10 1008.20
11/15/1988 82.00 189.20 1008.30
2/28/1989 80.00 184.60 1003.70
3/29/1989 82.00 189.20 1008.30
4/19/1989 82.00 189.20 1008.30
6/17/1989 82.00 189.20 1008.30
7/13/1989 132.00 304.00 1123.10
8/23/1989 81.00 186.90 1006.00
9/22/1989 83.90 193.60 1012.70


10/21/1989 81.00 186.90 1006.00
12/23/1989 80.00 184.60 1003.70
5/16/1990 85.75 197.80 1016.90
6/8/1990 85.90 198.20 1017.30


7/16/1990 86.00 198.40 1017.50
9/25/1990 84.00 193.80 1012.90
11/3/1990 84.00 193.80 1012.90


10/27/2008 87.50 202.13 1021.23
10/27/2008 87.20 201.43 1020.53
1/19/2009 87.40 201.89 1020.99 Zero at 2.3
1/19/2009 88.00 203.28 1022.38 Zero at 2.3
1/19/2009 88.40 204.20 1023.30 Zero at 2.3
11/9/1988 64.00 147.70 1023.30


11/10/1988 65.00 150.00 1025.60
11/10/1988 64.50 148.90 1024.50
11/10/1988 64.95 149.90 1025.50
11/11/1988 65.00 150.00 1025.60
11/11/1988 69.00 159.20 1034.80
11/12/1988 65.00 150.00 1025.60
11/13/1988 65.00 150.00 1025.60
11/14/1988 60.95 140.80 1016.40


PB-102 2 819.10


875.603







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/14/1988 65.50 151.20 1026.80
11/14/1988 65.95 152.20 1027.80
11/14/1988 64.00 147.70 1023.30
11/14/1988 65.00 150.00 1025.60
11/14/1988 64.50 148.90 1024.50
11/15/1988 65.00 150.00 1025.60
2/28/1989 65.00 150.00 1025.60
3/29/1989 66.50 153.50 1029.10
4/19/1989 67.00 154.60 1030.20
6/17/1989 68.00 156.90 1032.50
7/13/1989 67.00 154.60 1030.20
8/23/1989 65.00 150.00 1025.60
9/22/1989 68.50 158.10 1033.70


12/23/1989 66.00 152.30 1027.90
5/16/1990 70.25 162.10 1037.70
6/8/1990 70.00 161.50 1037.70


7/16/1990 70.00 161.50 1037.00
8/29/1990 69.95 161.40 1037.00
9/25/1990 68.50 158.10 1033.70
11/3/1990 69.00 159.20 1034.80


10/27/2008 73.30 169.32 1044.92
10/27/2008 73.40 169.55 1045.15
1/19/2009 75.70 174.87 1050.47 Zero at 2.3
1/19/2009 75.80 175.10 1050.70 Zero at 2.3


10/15/1988 116.00 267.30 952.50
11/10/1988 119.00 274.20 959.40
11/12/1988 128.00 294.80 980.00
11/13/1988 118.00 271.90 957.10


3/1/1989 116.00 267.30 952.50
3/29/1989 118.00 271.90 957.10
4/19/1989 118.00 271.90 957.10
6/17/1989 118.00 271.90 957.10
7/13/1989 119.00 274.20 959.40
9/22/1989 117.00 269.60 954.80


10/21/1989 116.00 267.30 952.50
12/23/1989 116.00 267.30 952.50


6/8/1990 119.90 276.20 961.40
7/16/1990 121.00 278.70 936.90
8/29/1990 119.50 275.30 960.50
9/25/1990 118.00 271.90 957.10
11/3/1990 119.00 274.20 959.40


PB-102 3 875.60


PB-103 685.201







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


10/15/1988 84.00 193.20 957.40
11/10/1988 86.50 198.90 963.10
11/12/1988 86.00 197.80 962.00
11/13/1988 86.00 197.80 962.00


3/1/1989 86.00 197.80 962.00
3/29/1989 86.00 197.80 962.00
4/19/1989 86.00 197.80 962.00
6/17/1989 86.50 198.90 963.10
7/13/1989 87.00 200.10 964.30
9/22/1989 87.00 200.10 964.30


10/21/1989 85.00 195.50 959.70
12/23/1989 85.50 196.60 960.80
5/16/1990 90.25 207.50 971.70
6/8/1990 90.00 206.90 971.10


7/16/1990 82.00 188.60 952.80
8/29/1990 90.00 206.90 971.10
9/25/1990 89.95 206.80 971.00
11/3/1990 90.00 206.90 971.10


10/15/1988 34.00 78.70 966.40
11/9/1988 30.59 70.90 958.60


11/10/1988 35.95 83.20 970.90
11/12/1988 36.00 83.30 971.00
11/13/1988 36.00 83.30 971.00


3/1/1989 35.00 81.00 968.70
3/29/1989 34.00 78.70 966.40
4/19/1989 34.00 78.70 966.40
6/17/1989 36.00 83.30 971.00
7/13/1989 36.00 83.30 971.00
9/22/1989 36.50 84.40 972.10


10/21/1989 35.00 81.00 968.70
12/23/1989 34.90 80.70 968.40
5/16/1990 40.35 93.20 980.90
6/8/1990 40.90 94.50 982.20


7/16/1990 41.00 94.70 982.40
8/29/1990 39.00 90.10 977.80
9/25/1990 40.00 92.40 980.10
11/3/1990 39.00 90.10 977.80


10/15/1988 110.00 253.00 991.70
3/29/1989 110.00 253.00 991.70
4/21/1989 112.00 257.60 996.30
6/17/1989 114.00 262.20 1000.90
7/13/1989 112.00 257.60 996.30


PB-104 1 738.70


PB-103 2


887.703


764.20







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


9/22/1989 112.00 257.60 996.30
10/21/1989 100.00 230.10 968.80
12/23/1989 112.00 257.60 996.30


6/8/1990 115.90 266.50 1005.20
7/16/1990 115.00 264.50 1003.20
8/29/1990 114.00 262.20 1000.90
9/25/1990 114.00 262.20 1000.90
11/3/1990 113.95 262.10 1000.80


10/27/2008 117.50 271.43 1010.13
10/27/2008 118.00 272.58 1011.28
1/19/2009 118.80 274.43 1013.13 Zero at 2.3
1/19/2009 119.00 274.89 1013.59 Zero at 2.3


10/15/1988 82.00 189.30 1000.70
3/29/1989 58.00 134.20 945.60
4/21/1989 64.00 148.00 959.40
6/17/1989 84.00 193.90 1005.30
7/13/1989 83.90 193.70 1005.10
9/22/1989 82.50 190.40 1001.80


10/21/1989 81.00 187.00 998.40
12/23/1989 83.00 191.60 1003.00
5/16/1990 35.15 81.70 893.10
6/8/1990 87.90 202.80 1014.20


7/16/1990 87.00 200.80 1012.20
8/29/1990 75.00 173.20 984.60
9/25/1990 84.00 193.90 1005.30
11/3/1990 86.00 198.50 1009.90


10/27/2008 88.20 203.74 1015.14
10/27/2008 88.60 204.67 1016.07
10/27/2008 88.80 205.13 1016.53
1/19/2009 89.30 206.28 1017.68 Zero at 2.2
1/19/2009 89.60 206.98 1018.38 Zero at 2.2
1/19/2009 89.70 207.21 1018.61 Zero at 2.2


10/15/1988 49.00 113.50 1002.50
3/29/1989 49.00 113.50 1002.50
4/21/1989 50.00 115.80 1004.80
6/17/1989 51.00 118.10 1007.10
7/13/1989 50.00 115.80 1004.80
9/22/1989 51.90 120.20 1009.20


10/21/1989 50.00 115.80 1004.80
12/23/1989 52.00 120.40 1009.40
5/16/1990 50.95 118.00 1007.00
6/8/1990 53.00 122.70 1011.70


738.701PB-104


3 889.00


811.402







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


7/16/1990 53.00 122.70 1011.70
8/29/1990 51.95 120.30 1009.30
9/25/1990 68.50 158.30 1047.30
11/3/1990 52.00 120.40 1009.40


10/27/2008 52.80 121.97 1010.97
10/27/2008 52.90 122.20 1011.20
10/27/2008 53.00 122.43 1011.43
1/19/2009 54.00 124.74 1013.74 Zero at 2.2
1/19/2009 53.10 122.66 1011.66 Zero at 2.2
1/19/2009 53.90 124.51 1013.51 Zero at 2.2


10/19/1988 100.00 230.20 840.10
11/15/1988 101.00 232.40 842.30
11/16/1988 98.95 227.70 837.60
11/16/1988 99.00 227.70 837.80
11/16/1988 99.00 227.90 837.80
11/17/1988 98.00 225.60 835.50
11/17/1988 99.50 229.00 838.90
11/17/1988 99.00 227.90 837.80
11/18/1988 97.00 223.30 833.20


3/1/1989 99.95 230.00 839.90
3/29/1989 100.00 230.20 840.10
4/18/1989 99.97 230.10 840.00
6/17/1989 101.00 232.40 842.30
7/13/1989 100.00 230.20 840.10
8/23/1989 98.50 226.70 836.60
9/22/1989 100.00 230.20 840.10


10/20/1989 100.00 230.20 840.10
12/29/1989 97.90 225.30 835.20


6/8/1990 102.50 235.90 845.80
7/16/1990 104.00 239.30 849.20
8/29/1990 102.00 234.70 844.60
9/25/1990 101.00 232.40 842.30
11/4/1990 100.00 230.20 840.10


10/27/2008 99.00 228.69 838.59
10/29/2008 98.80 228.23 838.13
1/21/2009 100.40 231.92 841.82 Zero at 3.1


10/19/1988 51.00 118.00 820.90
11/15/1988 53.00 122.60 825.50
11/16/1988 50.00 115.70 818.60
11/16/1988 51.00 118.00 820.90
11/17/1988 47.95 111.10 814.00
11/17/1988 48.00 111.20 814.10
11/17/1988 48.50 112.30 815.20
11/18/1988 46.50 107.70 810.60


PB-104 3 889.00


PB-105


2 702.90


1 609.90







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


3/1/1989 52.00 120.30 823.20
3/29/1989 52.00 120.30 823.20
4/18/1989 52.00 120.30 823.20
6/17/1989 55.00 127.20 830.10
7/13/1989 54.00 124.90 827.80
8/23/1989 52.00 120.30 823.20
9/22/1989 53.00 122.60 825.50


10/20/1989 53.00 122.60 825.50
12/29/1989 52.00 120.30 823.20
5/16/1990 50.95 117.90 820.80
6/8/1990 58.00 134.10 837.00
6/9/1990 58.00 134.10 837.00


7/16/1990 57.95 133.80 836.70
8/29/1990 56.00 129.50 832.40
9/25/1990 54.50 126.10 829.00
11/3/1990 55.00 127.20 830.10
11/4/1990 55.00 127.20 830.10


10/27/2008 55.70 128.67 831.57
10/29/2008 55.80 128.90 831.80
1/21/2009 58.40 134.90 837.80 Zero at 3.0
1/21/2009 58.20 134.44 837.34 Zero at 3.0
1/21/2009 58.30 134.67 837.57 Zero at 3.0


10/19/1988 33.00 75.50 826.40
11/15/1988 34.00 77.70 828.60
11/16/1988 32.00 73.20 824.10
11/16/1988 32.50 74.30 825.20
11/16/1988 33.00 75.50 826.40
11/17/1988 31.95 73.10 824.00
11/17/1988 32.00 73.20 824.10
11/18/1988 31.00 70.90 821.80


3/1/1989 32.95 75.30 826.20
3/29/1989 33.90 77.50 828.40
4/18/1989 32.50 74.30 825.20
6/16/1989 37.00 84.60 835.50
7/12/1989 34.00 77.70 828.60
8/22/1989 34.00 77.70 828.60
9/21/1989 34.00 77.70 828.60


10/20/1989 34.00 77.70 828.60
12/29/1989 32.00 73.20 824.10
5/16/1990 35.95 82.20 833.10
6/8/1990 39.00 89.20 840.10


7/16/1990 38.00 86.90 837.80
8/29/1990 37.50 85.70 836.60
9/25/1990 36.00 82.30 833.20


2 702.90PB-105


750.903







Piezometer 
Bed ID


Piezometer 
Number


Piezometer 
Elevation 


(feet amsl)
Date 


Gauged


Piezometer 
Pressure 


(psi)


Height of 
Water 
(feet)1


Water Level 
Elevation 


(feet amsl)2
Field 


Notes3


11/4/1990 36.00 82.30 833.20
10/29/2008 36.50 84.32 835.22


1/21/2009 39.00 90.09 840.99


Zero at 3.0, 
needs new 
fitting 
(cracked)


1/21/2009 39.10 90.32 841.22


Zero at 3.0, 
needs new 
fitting 
(cracked)


1/21/2009 38.90 89.86 840.76


Zero at 3.0, 
needs new 
fitting 
(cracked)


Abbreviations
amsl:  Above mean sea level
psi:  Pounds per square inch


Additional Notes


PB-105 3 750.90


1- PSI to feet of water conversion for all results from 2008 and later used a factor of 2.31.  Factors for PSI to 
feet conversion prior to 2008 varied.


3- The pressure gauge on the pneumatic pressure indicator used in January 2009 could not be adjusted to 
0.0.  Zero values are noted. 


2- The calculation method for water level elevation is shown in Attachment 1.







Table 2 - Monitoring Well Static Water Level Elevation Data


Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
9/26/1988 na 720.80
9/28/1988 na 718.90


10/25/1988 na 720.60
11/3/1988 na 719.60
11/4/1988 na 719.60


11/13/1988 na 718.90
11/22/1988 na 718.70


2/9/1989 na 713.60
2/14/1989 na 713.20
2/25/1989 na 712.60
3/28/1989 na 710.80
4/18/1989 na 716.80
6/6/1989 na 719.50
7/27/1989 na 719.20
8/22/1989 na 717.20
9/24/1989 na 716.90


11/10/1989 na 714.40
12/21/1989 na 719.00
1/20/1990 na 713.60
4/17/1990 na 727.10
6/19/1990 na 722.40
8/1/1990 na 717.10
8/29/1990 na 716.60
9/26/1990 na 723.00


10/30/1990 na 720.80
11/6/2008 71.40 713.97
1/20/2009 77.59 707.78
11/8/1988 na 1035.40


11/13/1988 na 1051.00
11/22/1988 na 1061.10


2/9/1989 na 1072.30
2/23/1989 na 1072.40
3/28/1989 na 1072.30
4/17/1989 na 1075.10
6/7/1989 na 1074.10
7/25/1989 na 1074.80
8/22/1989 na 1070.70
9/24/1989 na 1074.60
11/2/1989 na 1075.00


12/21/1989 na 1074.60
1/20/1990 na 1075.10
4/23/1990 na 1075.90


788.00


785.37


H88-10


H88-10


1092.95H88-11







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
6/19/1990 na 1074.40
8/1/1990 na 1068.60
8/29/1990 na 1073.70
9/26/1990 na 1074.20


10/31/1990 na 1074.50
11/2/2008 17.95 1075.00
1/20/2009 19.89 1073.06
10/5/1988 na 1007.50


10/25/1988 na 1006.80
11/4/1988 na 1006.70


11/22/1988 na 1007.60
2/11/1989 na 1005.90
2/26/1989 na 1005.50
3/28/1989 na 1006.30
4/17/1989 na 1008.10
6/13/1989 na 1007.60
7/18/1989 na 1002.50
8/22/1989 na 1006.90
9/24/1989 na 1007.70
11/9/1989 na 1007.40


12/21/1989 na 1008.20
1/20/1990 na 1007.00
1/21/1990 na 1007.00
5/7/1990 na 1009.70
6/16/1990 na 1006.90
6/19/1990 na 1006.90
7/30/1990 na 1006.40
8/29/1990 na 1006.30
9/26/1990 na 1006.90
11/1/1990 na 1006.60


11/12/2008 22.19 1004.22
1/19/2009 20.24 1006.17
11/4/1988 na 994.00
11/7/1988 na 994.70


11/20/1988 na 995.60
2/11/1989 na 994.10
2/26/1989 na 993.80
3/28/1989 na too deep
4/17/1989 na 996.80
6/14/1989 na 992.40
7/19/1989 na 991.20
8/22/1989 na 985.40
9/24/1989 na 996.10
11/3/1989 na 996.50


H88-11 1092.95


1026.41H88-12


H88-13 1142.89







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
12/21/1989 na 995.70
1/17/1990 na 995.10
5/4/1990 na 997.60
6/19/1990 na 997.30
7/30/1990 na 995.40
8/29/1990 na 994.90
9/26/1990 na 994.70
11/1/1990 na 994.20


11/12/2008 147.34 995.55
1/19/2009 148.35 994.54


11/13/1988 na 778.00
2/9/1989 na 773.90
5/23/1989 na 773.90
7/25/1989 na 773.90
7/18/1990 na 757.80
8/29/1990 na 758.60
9/26/1990 na 758.00


10/20/1990 na 757.40
11/12/1988 na 757.20
11/13/1988 na 757.30
11/18/1988 na 757.30
11/22/1988 na 757.20


2/9/1989 na 756.80
2/15/1989 na 757.10
3/28/1989 na 757.30
4/18/1989 na 753.40
5/23/1989 na 757.80
7/25/1989 na 757.90
8/22/1989 na 757.80
9/24/1989 na 757.70
11/1/1989 na 756.60


12/22/1989 na 757.40
1/20/1990 na 757.10
4/17/1990 na 763.10
6/19/1990 na 758.10
7/18/1990 na 757.80
8/29/1990 na 758.60
9/26/1990 na 758.00


10/20/1990 na 754.70
11/4/2008 15.55 758.25
1/20/2009 15.61 758.19
11/5/1988 na 838.40


11/16/1988 na 838.20
11/20/1988 na 836.90


1142.89H88-13


H88-15 873.70


H88-14 790.90


H88-14A 773.80







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
2/12/1989 na 835.80
2/28/1989 na 835.50
3/28/1989 na 835.60
4/18/1989 na 838.50
6/16/1989 na 846.00
7/18/1989 na 833.80
8/22/1989 na 836.90
9/24/1989 na 838.30
11/8/1989 na 838.30


12/21/1989 na 837.20
1/25/1990 na 836.40
5/9/1990 na 846.70
6/19/1990 na 839.90
7/30/1990 na 836.80
8/29/1990 na 836.00
9/26/1990 na 837.30
11/5/1990 na 839.10
11/7/2008 36.63 837.07
1/20/2009 38.00 835.70
11/6/1988 na 1054.00


11/13/1988 na 1044.20
11/21/1988 na 1054.10


2/9/1989 na 1053.80
2/28/1989 na 1053.80
3/28/1989 na 1053.60
4/17/1989 na 1053.90
6/16/1989 na 1052.10
7/19/1989 na 1055.50
8/22/1989 na 1054.80
9/24/1989 na 1054.70
11/4/1989 na 1055.20


12/21/1989 na 1054.80
1/26/1990 na 1054.10
5/10/1990 na 1056.20
6/19/1990 na 1058.60
7/31/1990 na 1056.70
8/29/1990 na 1056.10
9/26/1990 na 1055.90
11/1/1990 na 1056.20
11/3/2008 54.70 1051.28
1/20/2009 55.72 1050.26
10/5/1988 na 989.30


10/25/1988 na 989.10
11/7/1988 na 989.20


H88-17 1000.08


873.70H88-15


H88-16 1105.98







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
11/8/1988 na 989.50


11/22/1988 na 989.20
2/11/1989 na 990.10
2/16/1989 na 988.80
3/28/1989 na 988.90
4/17/1989 na 989.90
5/30/1989 na 989.60
7/11/1989 na 984.60
8/22/1989 na 989.50
9/24/1989 na 989.60


12/21/1989 na 989.00
1/19/1990 na 989.00
5/7/1990 na 989.70
6/19/1990 na 989.30
7/19/1990 na 989.10
8/29/1990 na 989.20
9/26/1990 na 989.20


10/20/1990 na 989.20
10/31/2008 10.67 989.41
1/19/2009 10.78 989.30
9/26/1988 na 814.30


10/25/1988 na 814.00
11/8/1988 na 814.80
2/9/1989 na ice
3/28/1989 na ice
4/18/1989 na 810.40
5/23/1989 na 814.60
7/10/1989 na 815.30
8/22/1989 na 814.70
9/24/1989 na 814.80
11/1/1989 na 814.40
1/24/1990 na 813.80
4/24/1990 na 814.90
6/19/1990 na 815.00
7/18/1990 na 814.40
8/29/1990 na 815.10
9/26/1990 na 814.40


10/20/1990 na 814.10
11/6/2008 31.64 814.66
1/20/2009 31.99 814.31


10/25/1988 na 821.90
10/28/1988 na 822.00
10/29/1988 na 822.10
10/30/1988 na 822.10


1000.08H88-17


H88-21 865.93


H88-19 846.30







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
11/5/1988 na 822.30
2/11/1989 na 818.30
2/16/1989 na 818.00
3/28/1989 na 817.20
4/18/1989 na 817.70
5/23/1989 na 823.40
7/11/1989 na 822.60
8/22/1989 na 820.60
9/24/1989 na 819.80
11/3/1989 na 820.90


12/22/1989 na 820.70
1/24/1990 na 819.40
5/7/1990 na 825.90
6/19/1990 na 823.90
7/18/1990 na 822.30
8/29/1990 na 820.10
9/26/1990 na 819.90


10/23/1990 na 820.90
11/10/2008 46.60 819.33
1/20/2009 48.23 817.70
8/31/1988 na 1069.90
9/26/1988 na 1070.90


10/25/1988 na 1070.20
11/5/1988 na 1069.30
11/6/1988 na 1068.50
2/9/1989 na 1066.30
2/16/1989 na 1066.10
3/28/1989 na 1065.20
4/17/1989 na 1064.60
5/30/1989 na 1071.10
7/10/1989 na 1069.20
8/22/1989 na 1069.00
9/24/1989 na 1070.80
11/2/1989 na 1069.50


12/21/1989 na 1069.50
1/24/1990 na 1070.40
4/24/1990 na 1064.70
6/19/1990 na 1070.50
7/18/1990 na 1067.20
8/29/1990 na 1068.30
9/26/1990 na 1070.50


10/25/1990 na 1069.70
11/4/2008 10.25 1066.96
1/20/2009 12.02 1065.19


H88-22 1077.21


H88-21 865.93







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
9/1/1988 na 791.50
9/26/1988 na 791.40


10/25/1988 na 793.00
10/30/1988 na 793.40
11/5/1988 na 794.40
2/12/1989 na 791.60
2/21/1989 na 791.30
3/28/1989 na 790.00
4/18/1989 na 790.50
5/24/1989 na 794.80
7/23/1989 na 795.90
8/22/1989 na 794.70
9/24/1989 na 793.60


11/11/1989 na 793.90
12/22/1989 na 793.90
1/23/1990 na 794.10
5/7/1990 na 802.50
6/19/1990 na 809.80
7/29/1990 na 800.30
8/29/1990 na 797.20
9/26/1990 na 795.70


10/23/1990 na 795.40
12/23/1990 na 795.40
11/11/2008 52.30 790.05
1/21/2009 54.02 788.33
9/1/1988 na 793.40
9/26/1988 na 793.50


10/25/1988 na 794.50
11/1/1988 na 794.90
11/2/1988 na 794.90
11/5/1988 na 795.10
2/12/1989 na 793.30
2/21/1989 na 792.60
3/28/1989 na 791.80
4/18/1989 na 792.40
5/24/1989 na 795.20
7/23/1989 na 796.50
8/22/1989 na 795.50
9/24/1989 na 794.70


11/10/1989 na 794.80
12/22/1989 na 794.80
1/23/1990 na 799.20
5/8/1990 na 802.90
6/19/1990 na 803.80


H88-23 842.35


H88-24A 848.33







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
7/29/1990 na 797.60
7/29/1990 na 800.10
8/29/1990 na 796.20
9/26/1990 na 795.90


10/23/1990 na 793.30
11/11/2008 56.54 791.79
1/21/2009 57.52 790.81
9/1/1988 na 793.30
9/26/1988 na 798.70


10/25/1988 na 798.60
10/31/1988 na 798.80
11/1/1988 na 765.10
11/5/1988 na 791.60
2/12/1989 na 798.70
2/18/1989 na 798.50
2/23/1989 na 797.60
3/28/1989 na 797.90
4/18/1989 na 793.60
5/24/1989 na 799.70
7/23/1989 na 799.10
8/22/1989 na 803.10
9/24/1989 na 798.00


11/11/1989 na 798.50
12/22/1989 na 798.40
1/23/1990 na 798.30
5/8/1990 na 800.50
6/19/1990 na 799.00
7/29/1990 na 797.70
8/29/1990 na 795.50
9/26/1990 na 794.40
9/26/1990 na 794.90


10/23/1990 na 795.60
11/11/2008 33.85 799.87
1/21/2009 34.21 799.51
8/31/1988 na 1081.10
9/24/1988 na 1081.60


10/25/1988 na 1082.40
11/7/1988 na 1081.80


11/22/1988 na 1081.00
2/11/1989 na 1078.80
2/18/1989 na 1078.50
2/21/1989 na 1078.30
3/28/1989 na 1077.60
4/17/1989 na 1078.30


H88-27 1131.33


H88-25 833.72


848.33H88-24A







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
5/31/1989 na 1087.60
7/11/1989 na 1082.20
8/22/1989 na 1080.70
9/24/1989 na 1081.00
11/2/1989 na 1081.70


12/21/1989 na 1080.30
5/4/1990 na 1092.80
6/19/1990 na 1083.60
7/18/1990 na 1081.50
8/29/1990 na 1080.10
9/26/1990 na 1081.50


10/23/1990 na 1081.30
10/30/2008 47.28 1084.05
1/19/2009 52.22 1079.11
10/3/1988 na 1246.70


10/25/1988 na 1246.90
11/2/1988 na 1247.20
11/6/1988 na 1247.30
11/7/1988 na 1247.30
2/11/1989 na 1247.10
2/17/1989 na 1246.80
2/21/1989 na 1246.80
3/28/1989 na 1246.30
4/17/1989 na 1247.30
5/31/1989 na 1250.70
7/26/1989 na 1252.00
8/22/1989 na 1246.60
9/24/1989 na 1247.10
11/3/1989 na 1244.50


12/21/1989 na 1247.60
1/19/1990 na 1247.50
5/4/1990 na 1246.80
6/19/1990 na 1257.30
7/19/1990 na 1248.60
8/29/1990 na 1248.10
9/26/1990 na 1247.60


10/24/1990 na 1247.10
10/30/2008 55.28 1245.52
1/20/2009 54.97 1245.83
7/27/1989 na 709.60
8/25/1989 na 702.70
9/24/1989 na 702.70
11/1/1989 na 702.00


12/21/1989 na 704.40


H88-28 1300.80


H88-27 1131.33


H89-29 778.00







Well ID
Gauging 


Date


Measuring Point 
Elevation 


(feet amsl)


Depth to 
Water 
(feet)


Water Level 
Elevation 


(feet amsl)
1/23/1990 na 699.90
4/17/1990 na 703.00
6/19/1990 na 710.00
7/31/1990 na 702.80
8/29/1990 na 702.10
9/26/1990 na 698.70
11/5/2008 63.72 714.28
1/20/2009 69.56 708.44
7/27/1989 na 706.90
8/22/1989 na 717.80
9/24/1989 na 171.30
11/3/1989 na 176.20


12/21/1989 na 179.50
1/24/1990 na 724.80
4/18/1990 na 715.90
6/19/1990 na 723.00
7/19/1990 na 709.50
8/29/1990 na 716.80
9/26/1990 na 723.60


10/25/1990 na 722.20


Abbreviations
amsl: Above mean sea level


na: Data not available


H89-30 753


778.00H89-29







Table 3 - Analytical Results of Field Measured Groundwater Quality Parameters


Well  ID Sample Date Temperature (oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L) ORP (mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)
11/22/1988 3 6.62 14.2 385 358


2/15/1989 3 7.15 13.2 388 104
6/6/1989 3 7.34 11.4 321 144


7/25/1989 4 7.79 12.2 332 187
11/9/1989 1.1 7.53 301 153
1/20/1990 6.5 6.97 4.48 318 53
4/17/1990 4.4 7.87 4.2 322 160


8/1/1990 8 3.6 317 205
10/30/1990 3.3 7 4.2 310 173


11/6/2008 4.3 7.78 286 1.81 0.54 -178.5
1/22/1988 2 6.96 13.6 1326 1521
2/15/1989 1.5 8.5 12.8 1441 638


6/7/1989 3 9.37 10.9 966 634
7/25/1989 2.5 8.75 12.8 1303 48
11/2/1989 2.8 8.16 1.19 1172 714
1/20/1990 2.9 8.22 3.75 1262 501
4/23/1990 4.4 8.66 3.6 1192 705


8/1/1990 8.66 2.6 1010 250
10/30/1990 0 8.19 3 1092 713


11/2/2008 4.32 8.67 1263 18.11 0.47 -193.8
11/21/1988 2 11.4 13 588


2/15/1989 2.5 11.45 12.4 386 579
6/14/1989 3 9.68 12.2 777 44.4
7/18/1989 4 10.26 11.8 1045 37.9
11/9/1989 0.6 9.89 2.98 1004 192
1/20/1990 3.8 9.66 2.32 1006 496


5/7/1990 5.6 9.75 4.5 947 85
7/30/1990 8.18 3.6 957 455
11/1/1990 0 9.46 5.2 1015 429


11/12/2008 2.92 9.33 926 96.3 0.6 -72.5
11/20/1988 4 8.6 4.7 304 2565


2/26/1989 2 7.42 11.6 341 1084
6/14/1989 4 8.06 12.8 370 1621
7/19/1989 3.5 8.28 13.6 1 137
11/3/1989 3.3 7.49 1.4 1501 1470
1/19/1990 3.8 8.11 3.29 873


5/4/1990 10.9 8.32 15.2 2440 1372
7/30/1990 6 9.71 1.69 2950 1482
11/1/1990 1 8.27 4.24 2710 1452


11/12/2008 3.17 8.66 2595 6.98 4.24 97.7
11/22/1988 3 6.06 13.5 162 53


2/15/1989 2 7.51 13.1 214 130
5/23/1989 1 7.55 12.8 139 47
7/25/1989 8 7.23 12.6 96 28
11/1/1989 5.56 149 122
1/20/1990 0.8 6.78 14.42 168 43
4/17/1990 2.2 7.25 12.8 212 81
7/18/1990 8.1 7.92 13.1 108 50


10/20/1990 3.6 7.03 11.8 134 720
11/4/2008 2.21 6.61 135 1.77 6.31 133.5


11/20/1988 2.9 8.31 13 260 137.9
2/21/1989 2 12.2


H88-10


H88-11


H88-12


H88-13


H88-15


H88-14A







Well  ID Sample Date Temperature (oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L) ORP (mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


6/16/1989 3 7.9 11.6 900 242
7/18/1989 4 7.69 11.2 784 28.5
11/8/1989 1.4 8.06 0.28 188 158
1/25/1990 3.3 8.01 5.36 539 122


5/9/1990 3.4 9.05 2.9 315 130
7/30/1990 3.7 7.9 1.6 510 218
11/5/1990 1 7.88 5 403 186
11/7/2008 4 7.54 538 47 0.41 -150


11/21/1988 3 8.79 9.1 338 577
2/28/1989 3 8.38 13.6 325
6/16/1989 4 9.45 12.2 300 153
7/19/1989 2.5 8.72 12.2 272 10.8
11/4/1989 4.2 9.19 1.47 124 135
1/26/1990 2.4 9.3 0.9 244 99
5/10/1990 4.1 8.76 2.1 239 130
7/31/1990 4 9.58 2 244 125
11/2/1990 2 9.04 2.8 252 128
11/3/2008 5.1 9.19 261 48 2.81 -76.1
11/8/1988 3 7.34 9.3 198 94.4
2/16/1989 2 6.72 13.4 203 80
5/30/1989 2.5 6.69 12.4 255 73
7/11/1989 3 6.73 10.9 196 76.5
11/2/1989 6 5.59 221 99
1/19/1990 2.3 6.46 8.99 192 72


5/7/1990 7 8.72 8.7 301 191
7/19/1990 5.9 6.75 8.4 189 136


10/20/1990 3.5 7.07 8.8 217 79
10/31/2008 3.34 6.57 168 1.04 5.98 234.6


11/8/1988 4 7.38 9.2 243 277
2/15/1989 frozen -- -- -- --
5/23/1989 2.5 7.28 13.4 172 61
7/10/1989 2.5 7.17 11.3 133 47.2
11/1/1989 3 5.6 189 103
1/24/1990 1.8 6.42 8.41 168 41
4/24/1990 3.3 7.34 7.9 180 86
7/18/1990 5.7 6.86 9.6 144 55


10/20/1990 7.2 6.99 13.3 164 55
11/6/2008 4.37 6.66 182 157 3.72 145
11/9/1988 18.5 8.07 9.9 158 74.5
2/16/1989 2 7.84 12.4 210 49
5/23/1989 2.5 7.78 13 160 64
7/11/1989 2.5 7.21 12 150 64
11/3/1989 6.65 6.28 66 512
1/24/1990 2.6 7.57 6.28 150 471


5/7/1990 4.8 6.25 11.9 164 88
7/19/1990 4.9 7.65 9 131 53


10/23/1990 1 7.25 10 127 30
11/10/2008 4.22 6.97 118 2.23 11.09 145.4


11/5/1988 2.5 7.66 9.3 192 172
2/16/1989 1 7.41 12.2 198 52
5/30/1989 2 6.84 13.2 180 48
7/10/1989 3 7.55 10.7 188 83.2
11/2/1989 6.03 3.15 178 92


H88-22


H88-15


H88-16


H88-17


H88-19


H88-21







Well  ID Sample Date Temperature (oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L) ORP (mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


1/24/1990 2 7.63 4.25 177 87
4/24/1990 3.3 7.28 9.4 157 82
7/18/1990 3.6 7.32 6.4 199 72


10/25/1990 1 7.43 7.2 182 88
11/4/2008 3.53 7.93 186 68.4 1.19 -124.3
11/3/1988 18 7.12 14.2 234 97.6
2/15/1989 2 7.24 14.4 156 55
5/24/1989 2.5 7.06 12.5 124 41
7/23/1989 2 6.78 11.5 121 3.2


11/11/1989 1.1 6.9 116 46
1/23/1990 1.8 6.52 11.4 110 378


5/7/1990 3.1 6.71 12.2 106 61
7/29/1990 3.7 6.61 2.5 133 51


10/23/1990 1 7.16 10.4 109 48
11/11/2008 4.46 6.41 98 5.33 9.61 157.4


11/3/1988 7.68 9.2 251 75.1
2/15/1989 2.5 7.68 13.4 254 70
5/24/1989 2.5 7.3 12.3 225 57
7/23/1989 2 7.4 11.2 193 7.3


11/10/1989 1.1 7.36 151 73
1/23/1990 2.6 6.97 5.92 141 443


5/8/1990 3.3 6.36 7.5 132 61
7/29/1990 4.1 7.75 9.6 156 71


10/23/1990 1 6.98 8.2 126 52
11/11/2008 4.74 6.57 109 12.3 8.2 145.2


11/3/1988 8.05 8.3 252 245
2/15/1989 1 8.46 12.8 741 40
5/24/1989 2.5 7.72 12 281 81
7/23/1989 4 8.36 10.8 273 127


11/11/1989 -0.6 8.29 259 97
1/23/1990 0.6 8.39 10.7 3 631


5/8/1990 4.2 7.58 10.3 144 140
7/29/1990 5.7 7.85 8.9 183 144


10/23/1990 1 7.92 9.8 158 105
11/10/2008 2.65 7.85 101 170 9.61 141.6


11/7/1988 - - - - -
2/21/1989 1 6.96 13.2 162 86
5/31/1989 2.5 6.83 12.4 111 45
7/11/1989 4 7.13 12.4 132 48.5
11/2/1989 5.98 5.54 162 72
1/19/1990 7.9 6.51 11.99 141


5/4/1990 7.3 5.85 10.4 117 35
7/18/1990 4.9 7.05 10.8 114 42


10/23/1990 1 6.72 7 106 40
10/30/2008 5.35 6.54 105 12.4 8.56 223.2


11/7/1988
2/21/1989 2 6.28 12.2 144 64
7/26/1989 2 7.42 11 161 51.3
11/3/1989 5.28 5.03 112 50
1/19/1990 1.8 6.13 7.8 119 55


5/4/1990 10.1 5.91 8.29 113 50
7/19/1990 0.3 8.42 10.8 153 54


10/24/1990 -1 6.27 9.92 110 51
10/30/2008 5.9 5.8 91 22.2 8.42 264


H88-24A


H88-25


H88-27


H88-28


H88-22


H88-23







Well  ID Sample Date Temperature (oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L) ORP (mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


7/26/1989 2 7.34 10.6 294 100.6
11/1/1989 5 6.71 232 229
1/23/1990 3.5 7.13 2.21 250 86
4/17/1990 3.8 7.13 3.46 241 103
7/31/1990 4.14 173


10/30/1990 1 5.6 5.54 225 98
11/5/2008 4.43 7.63 236 2.06 0.72 -192.2
7/28/1989 3 8.02 12.4 449 231.6
11/3/1989 7.25 3.5 521 286
1/23/1990 2.7 8.32 1.94 537 175
4/18/1990 4.5 8.47 4.62 525 288
7/19/1990 8.9 7.18 2.22 575 320


10/25/1990 2 8.07 6.48 528 268


Note: Blank cells represent data not collected.


Abbreviations
oC: Degrees Celsius
µS/cm: Microsiemens per centimeter
mg/L: Milligrams per liter
µmhos: Micromhos
mV: Millivolts
NTU: Nephelometric Turbidity Units
ORP: Oxidation reduction potential
pH: Power of hydrogen


H89-30


H89-29







Station ID Date 
Collected


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total (mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total (mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Calcium, 
Total (mg/L)


Carbonate, 
CO3


(mg/L)


Chloride 
(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Total


(mg/L)


Cobalt, 
Dissolved 


(mg/L)


Copper, 
Dissolved 


(mg/L)


Copper, Total 
(mg/L)


Fluoride 
(mg/L)


Hardness as 
CaCO3 (mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, Total 
(mg/L)


Kjeldahl 
Nitrogen, 


Total (mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


H88-10 22-Nov-88 358 ND 0.45 ND 1 214 0.07 ND 34 0 1.1 ND ND ND 0.28 129 0.08 0.19 0.7 ND 11
H88-10 25-Feb-89 179 0.2 0.01 ND 1 218 0.26 0.004 34 0 2.5 ND 0.04 ND 0.29 120 ND 0.35 0.7 ND 8.5
H88-10 06-Jun-89 185 0.1 0.41 0.02 1.1 225 0.19 ND 37 0 2.1 ND ND ND 0.35 125 0.05 0.27 1.3 ND 8
H88-10 25-Jul-89 180 ND 0.41 ND 1.1 220 0.42 ND 35 0 1.8 ND ND ND 0.26 122 0.1 0.23 1.1 ND 8.6
H88-10 09-Nov-89 176 0.2 ND ND ND 215 0.13 ND 31 0 1.1 ND 0.02 ND 0.26 116 ND 0.28 0.6 ND 9.2
H88-10 20-Jan-90 178 ND 0.44 ND 1.15 217 0.02 ND 34 0 2 ND ND ND 0.3 121 ND 0.19 1.4 ND 8.6
H88-10 17-Apr-90 178 ND 0.5 ND 1.1 217 0.05 ND 38 0 2.3 ND ND ND 0.33 127 0.15 0.21 0.6 ND 7.5
H88-10 01-Aug-90 179 ND 0.6 ND 1.3 219 0.13 ND 34 0 1.2 ND ND ND 0.32 129 0.18 0.21 1.1 ND 11
H88-10 30-Oct-90 170 ND 0.64 ND 1.4 207 0.01 ND 31 0 1.8 ND ND ND 0.34 119 0.06 0.19 0.8 ND 10
H88-10 06-Nov-08 153 ND ND ND ND 1.11 1.01 ND ND 27.6 27.7 1.1 ND 0.0002 0.3 0.4 0.2 105 106 112 0.14 0.1 8580 8620
H88-11 22-Nov-88 1521 0.1 0.45 0.007 ND 783 0.12 ND 2 12 1.1 ND 0.03 ND 2.1 7 0.08 5.18 0.7 ND 0.5
H88-11 22-Feb-89 724 0.1 0.42 0.008 ND 847 0.08 0.005 2.4 18 3.9 ND 0.03 ND 1.62 9.4 0.08 4.98 1.4 ND 0.9
H88-11 07-Jun-89 760 0.1 0.36 ND ND 906 0.32 ND 2.6 11 1.8 ND 0.03 ND 1.49 8.4 ND 5.45 1.7 ND 0.5
H88-11 25-Jul-89 726 ND 0.41 0.008 ND 885 0.02 ND 2.7 0 2.8 ND ND ND 1.35 8.2 0.08 2.7 1 ND 0.4
H88-11 02-Nov-89 762 ND 0.29 ND ND 911 ND ND 2.3 9 1.8 ND 0.02 ND 1.38 8 0.29 1.95 0.4 ND 0.5
H88-11 20-Jan-90 725 ND 0.4 0.013 ND 810 0.08 ND 2.6 37 2.6 ND ND ND 1.36 9 ND 1.55 1 ND 0.5
H88-11 23-Apr-90 725 0.4 0.41 ND ND 881 0.04 ND 3.6 2 2.3 ND 0.02 ND 1.2 31 0.93 1.69 0.6 ND 5.2
H88-11 01-Aug-90 718 ND 0.5 0.007 ND 875 0.14 ND 4 0 1.7 ND ND ND 1.35 11 ND 1.75 1 ND 0.2
H88-11 31-Oct-90 682 ND 0.62 ND ND 809 0.01 ND 4.5 11 2.1 ND ND ND 1.33 14 ND 2.03 1.2 ND 0.6
H88-11 02-Nov-08 692 3 0.717 0.0064 0.0063 0.153 0.16 0.00006 0.00006 0.221 2.26 2.3 ND 0.0016 ND 0.7 1.1 8.5 ND 466 ND 0.22 67 703
H88-12 21-Nov-88 588 1.5 0.8 0.021 ND 0 0.08 ND 1.4 344 1.4 ND 0.1 ND 3.17 7.16 0.18 17.3 0.8 ND 0.9
H88-12 12-Feb-89 632 1.7 1.87 0.03 ND 0 0.34 0.003 6.4 319 2.5 ND 0.07 ND 3.26 16 0.81 11.2 0.7 0.03 ND
H88-12 14-Jun-89 0.4 0.008 ND 356 ND 3.4 150 1.8 0.02 0.06 ND 0.17 8.49 0.03 17.3
H88-12 16-Jun-89 543 0.11 0.07 3.08 80 1
H88-12 18-Jul-89 549 ND 0.39 0.023 ND 189 0.1 ND 3.2 236 2.1 ND 0.11 0.01 2.93 8 0.11 15.3 2.4 ND 0.1
H88-12 09-Nov-89 574 ND ND 0.022 ND 182 0.08 ND 2.6 255 ND ND ND ND 3.35 9 ND 4.37 0.3 ND 0.6
H88-12 20-Jan-90 542 ND 0.24 0.019 ND 336 0.11 ND 2.3 166 0.4 ND 0.03 ND 3.58 7 0.12 6.66 1.6 ND 0.2
H88-12 07-May-90 528 ND ND 0.011 ND 411 ND ND 3.2 115 1.2 ND 0.03 0.01 3.59 8 0.21 7.76 0.4 ND ND
H88-12 30-Jul-90 515 0.24 478 0.21 2.8 74 0.8 3.38 8 2.2 0.2
H88-12 01-Nov-90 493 0.31 406 0.02 2.5 96 1.1 2.91 8 0.5 0.5
H88-12 12-Nov-08 506 157 2.72 0.0018 0.0017 0.0561 0.0129 ND 0.00005 0.97 1.75 1.0 0.0008 0.0071 0.3 5.2 4.0 8.7 144 2700 0.16 1.79 227 1050
H88-13 20-Nov-88 2565 ND 1.22 ND ND 2749 0.05 ND 8.1 0 120 ND 0.06 ND 0.36 39 0.11 21.7 2.3 ND 4.5
H88-13 26-Feb-89 1727 0.2 0.7 ND ND 2106 0.25 0.004 6.5 0 89 ND 0.02 ND 0.39 26 ND 0.95 1.7 ND 2.3
H88-13 14-Jun-89 ND ND ND 1961 ND 5.6 0 79 ND 0.02 0.01 0.07 0.9 ND 1.5
H88-13 16-Jun-89 1607 0.02 ND 0.43 20 1.1
H88-13 18-Jul-89 ND ND 0.5 ND ND ND ND 0.11 0.47 ND
H88-13 19-Jul-89 1740 0.87 2122 0.01 6.8 0 91 0.46 27 2.4 2.4
H88-13 03-Nov-89 1595 0.2 0.72 ND ND 1946 0.03 ND 4.6 0 73 ND ND ND 0.38 17 0.26 3.3 0.7 ND 1.3
H88-13 19-Jan-90 1562 ND 0.84 0.019 ND 1906 ND ND 4.5 0 95 ND ND ND 0.49 49 0.06 0.42 1.6 ND 1.8
H88-13 04-May-90 1486 ND 0.84 ND ND 1813 ND ND 4 2 71 ND ND ND 0.47 16 ND 0.19 0.8 ND 1.6
H88-13 30-Jul-90 1550 ND 0.82 ND ND 1894 0.15 ND 4 0 68 ND 0.02 ND 0.45 25 ND 2.89 1.5 ND 3.6
H88-13 01-Nov-90 1457 ND 0.9 ND 0.5 1740 0.01 ND 5.6 19 76 ND ND ND 0.54 24 0.06 0.1 1 ND 2.6
H88-13 12-Nov-08 1510 6.1 0.0644 0.002 0.002 0.588 0.583 ND 0.00007 1.64 1.72 63.4 1.4 5.5 0.2 1.1 ND 8.9 35 163 0.06 0.43 1110 1130
H88-14 20-Oct-90 58 11 0 2.5 2.6
H88-14 01-Nov-90 ND ND ND ND ND 0.02 ND 0.07 5.42 ND


H88-14A 22-Nov-88 53 ND 0.01 ND ND 77 0.06 ND 16 0 3.2 ND 0.03 ND 0.17 50 ND 17.4 0.5 ND 2.9
H88-14A 15-Feb-89 64 ND 0.04 ND ND 78 0.41 ND 16 0 5 ND 0.02 ND 0.11 54 0.08 12.3 0.5 ND 3.3
H88-14A 23-May-89 83 ND 0.03 ND ND ND ND ND ND ND 0.27 53 ND 1.21 1.1 ND
H88-14A 26-May-89 101 16 0 2.1 3
H88-14A 25-Jul-89 41 ND ND ND ND 49 ND ND 12 0 1.8 ND ND ND 0.08 38 ND 7.54 1.3 ND 1.8
H88-14A 01-Nov-89 55 ND ND ND ND 66 ND ND 17 0 1.8 ND 0.04 ND 0.08 51 0.06 23.4 0.2 ND 2.2
H88-14A 20-Jan-90 65 ND ND ND ND 79 0.02 ND 19 0 4.9 ND 0.02 ND 0.15 59 ND 9.64 0.6 ND 2.8
H88-14A 17-Apr-90 88 0.9 ND ND ND 107 0.04 ND 26 0 2.9 ND 0.04 ND 0.11 79 2.42 18.4 0.5 ND 3.3
H88-14A 18-Jul-90 ND ND ND 61 ND 12 0 1 ND 0.02 ND ND 13.9 ND 1.8
H88-14A 20-Oct-90 48 ND ND ND ND 0.11 ND ND 0.02 ND 0.12 38 ND 21 1.2 ND
H88-14A 04-Nov-08 50 4.5 0.039 ND ND 0.0408 0.0406 ND 0.00002 16 15.5 1.8 0.0002 0.0004 1.1 1.4 ND 51.3 ND 62 0.04 2.52 3210 3070
H88-15 20-Nov-88 137.9 ND 0.12 ND ND 160 0.16 ND 12 0 2.8 ND ND ND 0.05 38 ND 0.37 0.6 ND 2.2
H88-15 28-Feb-89 133 0.3 0.08 ND ND 0.43 0.002 ND ND ND 0.54 38 0.06 0.18 0.2 0.02
H88-15 16-Jun-89 209 0.1 0.1 ND ND 255 0.11 ND 15 0 28 ND 0.02 0.01 0.5 46 0.09 0.18 0.6 ND 2.1
H88-15 19-Jul-89 224 ND 0.1 ND ND 273 0.12 ND 16 0 33 ND ND ND 0.49 44 0.08 0.98 0.7 ND 1.1
H88-15 24-Jan-90 230 ND 0.2 ND ND 281 ND ND 15 0 40 ND ND 0.01 0.5 51 0.48 0.54 0.4 0.02 3.4
H88-15 09-May-90 130 0.1 0.14 ND ND 140 0.28 ND 9.7 9 5.3 ND ND ND 0.53 33 ND 0.12 0.1 ND 2.1
H88-15 30-Jul-90 207 ND 0.1 ND ND 252 0.24 ND 13 0 26 ND ND ND 0.09 38 0.07 0.08 0.9 ND 1.5
H88-15 05-Nov-90 194 ND 0.05 ND ND 236 0.2 ND 12 0 28 ND ND ND 0.52 40 ND ND 0.1 ND 2.4
H88-15 08-Nov-90 217 ND ND ND ND 264 ND ND 15 0 28 ND 0.08 ND ND 44 ND 0.16 0.8 ND 1.8
H88-15 07-Nov-08 210 2 0.499 ND ND 0.199 0.219 ND ND 13.2 12.8 29.7 0.0002 0.0018 ND 1.7 0.6 39.5 60 962 ND 0.32 1690 1840
H88-16 21-Nov-88 577 0.2 0.14 ND ND 145 0.11 ND 1.3 0 0.7 ND 0.02 ND 0.54 4 0.2 1.57 0.7 ND 0.2
H88-16 28-Feb-89 146 0.4 0.04 ND ND 160 0.38 ND 1.4 9 0.4 ND 0.02 ND 0.61 6 0.09 17.7 0.2 0.03 0.6
H88-16 16-Jun-89 0.1 ND ND 161 ND 2.1 6.3 1.1 ND ND ND ND 1.03 ND 1.3
H88-16 19-Jun-89 143 0.03 0.1 0.53 10 1
H88-16 19-Jul-89 139 ND 0.01 ND ND 169 ND ND 3 0 1.4 ND ND ND 0.55 10 ND 0.73 0.5 ND 0.7
H88-16 04-Nov-89 302 ND ND ND ND 368 ND ND 6.8 0 4.6 ND ND ND 1.56 18 0.18 6.98 ND ND 0.1
H88-16 26-Jan-90 135 ND 0.1 ND ND 165 ND ND 2.8 0 0.7 ND ND ND 0.61 16 0.11 0.56 0.1 ND 2.2
H88-16 10-May-90 137 0.1 0.11 ND ND 155 0.24 ND 2.8 6 0.5 ND ND ND 0.7 11 ND 0.39 0.1 ND 1.1
H88-16 31-Jul-90 136 ND 0.07 ND ND 166 0.2 ND 3.2 0 0.5 ND ND ND 0.61 16 0.06 0.32 1.6 ND 2.1
H88-16 02-Nov-90 128 ND 0.8 ND ND 0.01 ND ND ND ND 0.58 9 0.06 0.34 1 ND
H88-16 05-Nov-90 156 3.3 0 0.7 0.4
H88-16 03-Nov-08 140 16.3 0.836 0.0009 0.001 0.0525 0.07 ND ND 1.9 2.11 0.5 ND 1.4 0.3 1.5 0.5 8.9 37 1130 0.02 0.38 592 881
H88-17 08-Nov-88 69 0.1 0.07 ND ND 109 0.36 0.003 20 0 1.1 ND 0.04 ND 0.2 64 0.11 23.1 0.7 ND 7.2
H88-17 15-Feb-89 70 0.1 0.35 ND ND 0.29 0.005 ND 0.02 ND 0.11 69 0.05 4.53 0.6 ND
H88-17 16-Feb-89 85 18 0 3.9 5.8
H88-17 30-May-89 115 0.3 0.02 ND ND 140 0.17 ND 31 0 1.8 ND 0.16 ND 0.27 109 0.24 63.5 1.7 ND 7.7
H88-17 11-Jul-89 91 ND ND ND ND 111 ND 0.003 23 0 1.1 ND 0.24 ND 0.11 81 0.05 89.7 1 ND 5.8
H88-17 02-Nov-89 99 0.3 ND ND ND 121 0.05 ND 25 0 1.1 ND 0.08 ND 0.09 90 0.54 43.6 ND ND 6.9
H88-17 19-Jan-90 80 ND ND ND ND 97 ND ND 22 0 3.1 ND ND ND 0.09 79 0.27 0.28 0.2 ND 5.6
H88-17 07-May-90 148 ND 0.04 ND ND 181 ND ND 37 0 1.7 ND 0.07 0.01 0.09 141 0.19 22 0.4 ND 12
H88-17 18-Jul-90 84 ND 0.06 ND ND 102 0.12 ND 24 0 0.6 ND 0.5 ND 0.11 72 ND 229 2.9 ND 2.9
H88-17 20-Oct-90 ND ND ND 115 ND 20 0 1.8 ND 0.13 ND ND 231.5 ND 8.5
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Station ID Date 
Collected


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


H88-10 22-Nov-88 358 ND
H88-10 25-Feb-89 179 0.2
H88-10 06-Jun-89 185 0.1
H88-10 25-Jul-89 180 ND
H88-10 09-Nov-89 176 0.2
H88-10 20-Jan-90 178 ND
H88-10 17-Apr-90 178 ND
H88-10 01-Aug-90 179 ND
H88-10 30-Oct-90 170 ND
H88-10 06-Nov-08 153 ND
H88-11 22-Nov-88 1521 0.1
H88-11 22-Feb-89 724 0.1
H88-11 07-Jun-89 760 0.1
H88-11 25-Jul-89 726 ND
H88-11 02-Nov-89 762 ND
H88-11 20-Jan-90 725 ND
H88-11 23-Apr-90 725 0.4
H88-11 01-Aug-90 718 ND
H88-11 31-Oct-90 682 ND
H88-11 02-Nov-08 692 3
H88-12 21-Nov-88 588 1.5
H88-12 12-Feb-89 632 1.7
H88-12 14-Jun-89 0.4
H88-12 16-Jun-89 543
H88-12 18-Jul-89 549 ND
H88-12 09-Nov-89 574 ND
H88-12 20-Jan-90 542 ND
H88-12 07-May-90 528 ND
H88-12 30-Jul-90 515
H88-12 01-Nov-90 493
H88-12 12-Nov-08 506 157
H88-13 20-Nov-88 2565 ND
H88-13 26-Feb-89 1727 0.2
H88-13 14-Jun-89 ND
H88-13 16-Jun-89 1607
H88-13 18-Jul-89 ND
H88-13 19-Jul-89 1740
H88-13 03-Nov-89 1595 0.2
H88-13 19-Jan-90 1562 ND
H88-13 04-May-90 1486 ND
H88-13 30-Jul-90 1550 ND
H88-13 01-Nov-90 1457 ND
H88-13 12-Nov-08 1510 6.1
H88-14 20-Oct-90
H88-14 01-Nov-90 ND


H88-14A 22-Nov-88 53 ND
H88-14A 15-Feb-89 64 ND
H88-14A 23-May-89 83 ND
H88-14A 26-May-89
H88-14A 25-Jul-89 41 ND
H88-14A 01-Nov-89 55 ND
H88-14A 20-Jan-90 65 ND
H88-14A 17-Apr-90 88 0.9
H88-14A 18-Jul-90 ND
H88-14A 20-Oct-90 48 ND
H88-14A 04-Nov-08 50 4.5
H88-15 20-Nov-88 137.9 ND
H88-15 28-Feb-89 133 0.3
H88-15 16-Jun-89 209 0.1
H88-15 19-Jul-89 224 ND
H88-15 24-Jan-90 230 ND
H88-15 09-May-90 130 0.1
H88-15 30-Jul-90 207 ND
H88-15 05-Nov-90 194 ND
H88-15 08-Nov-90 217 ND
H88-15 07-Nov-08 210 2
H88-16 21-Nov-88 577 0.2
H88-16 28-Feb-89 146 0.4
H88-16 16-Jun-89 0.1
H88-16 19-Jun-89 143
H88-16 19-Jul-89 139 ND
H88-16 04-Nov-89 302 ND
H88-16 26-Jan-90 135 ND
H88-16 10-May-90 137 0.1
H88-16 31-Jul-90 136 ND
H88-16 02-Nov-90 128 ND
H88-16 05-Nov-90
H88-16 03-Nov-08 140 16.3
H88-17 08-Nov-88 69 0.1
H88-17 15-Feb-89 70 0.1
H88-17 16-Feb-89
H88-17 30-May-89 115 0.3
H88-17 11-Jul-89 91 ND
H88-17 02-Nov-89 99 0.3
H88-17 19-Jan-90 80 ND
H88-17 07-May-90 148 ND
H88-17 18-Jul-90 84 ND
H88-17 20-Oct-90 ND
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Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


Organic 
Phosphorous, 


Total
(mg/L)


Ortho 
Phosphorous 


(mg/L)


Phosphorous, 
Total


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Potassium, 
Total


(mg/L)


Selenium, 
Dissolved 


(mg/L)


Selenium, 
Total


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium, 
Dissolved 


(mg/L)


Sodium, Total 
(mg/L)


Solids, Total 
Dissolved 


(mg/L)
Sulfate (mg/L)


Zinc, 
Dissolved 


(mg/L)


Zinc, Total 
(mg/L)


ND ND ND ND ND ND ND 0.008 3.3 ND 0.87 23 188 3.7 ND
ND 0.01 ND 0.11 ND 0.009 0.001 0.037 3.8 ND 1 25 182 0.4 ND
ND ND ND 0.16 ND 0.003 0.003 0.018 3.6 ND 0.99 26 202 0.6 0.02
ND 0.14 ND ND ND 0.003 0.006 0.013 3.7 ND 0.98 25 196 ND 0.08
ND ND ND ND ND 0.001 0.006 0.01 3.7 ND 1 25 170 ND ND
ND ND ND ND ND 0.002 0.005 0.008 4 ND 1.06 27 196 0.5 ND
0.02 0.02 ND ND ND 0.004 0.005 0.015 3.4 ND 0.89 23 178 0.7 0.01
ND ND ND 0.01 ND 0.046 0.012 0.147 3.1 ND 0.85 22 176 0.5 ND
ND ND ND ND ND 0.013 0.007 0.017 3.7 ND 0.94 24 169 0.5 0.01
12.4 12.3 0.6 0.6 ND ND ND ND 2930 2990 ND ND 17900 17900 156 0.7 1.2 1.4
ND 0.07 ND ND ND 0.011 0.044 0.115 1.9 ND 49.3 300 738 1.6 0.02
ND 0.06 ND 0.03 ND 0.013 0.008 0.142 2.2 0.007 46.4 329 782 1.9 0.01
ND 0.1 ND 0.05 ND 0.007 0.081 0.233 1.6 ND 52.4 351 834 0.8 0.05
ND 0.04 ND 0.01 ND 0.001 0.018 0.124 2.2 ND 52.8 343 786 3.7 0.06
ND 0.04 ND 0.03 ND 0.013 0.057 0.112 0.9 ND 54.9 357 810 1.6 ND
ND 0.03 ND ND ND 0.006 0.001 0.096 2 ND 48.7 327 826 0.9 ND
0.03 0.03 ND ND ND 0.005 0.011 0.102 2.4 ND 25.2 320 786 0.9 0.02
ND 0.04 ND ND ND 0.005 0.007 0.013 2.8 ND 41.8 319 755 0.6 0.01
ND 0.04 ND ND ND 0.007 0.01 0.109 2.2 ND 35.3 304 768 0.6 0.01
1.76 8.22 ND 0.7 ND ND 0.11 0.11 ND 1590 ND ND 329000 327000 769 ND 0.5 2.5
ND 0.25 ND 0.04 ND 0.186 0.128 1.09 2.9 ND 40.89 248 728 11 0.03
ND 0.12 ND 0.11 ND 0.024 0.155 0.727 2.8 ND 31.8 292 736 13 0.03
ND 0.13 ND 0.11 ND 0.5 ND 225 14 0.08


0.053 0.338 0.893 11 616
ND 0.18 ND ND ND 0.28 0.325 1.48 3 ND 40.3 270 642 26 0.08
ND 0.08 ND 0.01 ND 0.084 0.3 1.16 2.4 ND 38 263 664 12 0.03
ND 0.1 ND ND ND 0.003 0.259 0.643 1.2 ND 41.7 253 678 9.6 ND
ND 0.16 ND ND ND 0.837 0.299 1.94 2.1 ND 36.7 238 690 7.9 0.02


ND ND 0.008 0.305 0.507 1.8 35.7 232 550 5.1
ND ND 0.002 0.288 0.675 2.8 34.3 223 586 6.8


5.61 29.6 1.1 4.8 ND ND 0.35 0.45 899 1310 ND ND 251000 244000 706 0.3 1.7 8.7
ND 0.28 ND 0.01 ND 0.096 0.008 0.625 6.1 ND 78 1120 2750 4.1 0.02
0.04 0.05 ND 0.06 ND 0.021 0.011 0.109 4.7 ND 72 840 1984 4.1 0.03
0.03 0.05 ND 0.07 ND 0.9 ND 786 0.4 0.02


0.023 0.016 0.137 76.5 1850
0.04 0.04 ND ND 0.02


ND ND 0.03 0.006 0.15 4.2 70.6 843 2008 0.4
0.03 0.06 ND ND ND 0.013 0.023 0.163 4.4 ND 82 779 1880 ND 0.02
0.02 0.03 ND ND ND 0.009 0.007 0.156 6 ND 78 771 1898 0.1 0.01
ND 0.02 ND 0.08 ND 0.019 0.006 0.18 4.8 ND 76.4 714 1776 ND ND
ND 0.05 ND ND ND 0.013 0.051 0.156 4.8 ND 63.7 732 1736 ND 0.01
ND ND ND ND ND 0.009 0.019 0.17 4 ND 61 694 1764 ND 0.02
3.24 4.93 1.5 3.6 ND ND 0.36 0.36 2640 2620 1.6 1.5 748000 740000 1700 ND 2.1 4.9


0.41 0.01 0.6 12 11
ND 0.12 ND ND 0.01
ND 0.32 ND 0.4 ND 0.154 ND 1.31 0.6 ND 0.84 14 120 13 0.01
ND 0.22 ND 0.42 ND 0.555 0.017 0.983 0.7 ND 0.86 14 98 12 0.1
ND ND ND 0.083 0.062 1.079 ND 1.25 114 ND


0.47 ND 1.2 21 11
ND 0.14 ND 0.18 ND 0.029 0.006 0.284 0.8 ND 0.34 4.8 66 6.8 0.02
0.02 0.5 ND 0.43 ND 0.067 0.008 0.64 0.7 ND 0.51 8.2 74 12 ND
0.08 0.28 ND 0.55 ND 0.042 0.012 0.195 1 ND 0.76 13 104 14 0.01
0.08 0.36 ND 0.44 ND 0.002 0.008 0.381 0.7 ND 0.53 11 108 12 0.03
0.02 0.3 ND 0.16 ND 0.7 ND 8.9 6.1 0.06
0.03 0.53 ND 0.102 0.017 0.676 ND 0.81 71 0.06
0.14 1.45 0.6 0.6 0.2 ND ND ND 479 467 ND ND 3820 3690 81 13.8 6.6 2.5
ND ND ND 0.36 ND 0.005 0.005 0.032 0.9 ND 3.28 46 172 3.9 ND
0.03 0.03 ND 0.007 0.015 0.031 ND 3.18 154 0.2
0.02 0.02 ND 0.08 ND 0.003 0.009 0.028 1.5 ND 5.93 92 304 5.3 0.01
ND 0.02 ND ND ND 0.026 0.005 0.112 1.3 ND 7 107 294 4.1 0.05
ND ND ND ND ND 0.002 0.003 0.035 1.5 ND 6.74 111 322 4.2 0.02
ND ND ND ND ND 0.002 0.007 0.019 1.2 ND 3.89 51 170 7 ND
ND ND ND ND ND 0.003 0.005 0.006 1.5 ND 6.6 94 262 4.8 0.01
ND ND ND ND ND 0.009 0.008 0.014 1.1 ND 6.4 93 278 4.8 0.04
ND ND ND 9 ND ND 0.009 0.016 1.7 ND 7.15 109 294 2.7 0.01
11.6 23.5 0.3 2.2 ND ND 0.04 0.08 1170 1240 ND ND 95000 90100 254 0.7 1.3 4.4
ND 0.02 ND 0.5 ND ND 0.055 0.07 1.4 ND 14.2 65 192 2.3 0.08
0.03 0.05 ND 0.1 ND ND 0.032 0.064 0.9 ND 11.3 64 164 1 0.02
ND 0.03 ND 0.1 ND 0.8 ND 62 2.5 0.01


0.003 0.02 0.054 8.3 182
ND 0.02 ND ND ND 0.017 0.009 0.065 1 ND 7.99 60 142 0.4 ND
0.07 0.35 ND ND ND ND 0.049 0.049 3.5 ND 14 135 398 4.1 0.01
ND ND ND ND ND ND 0.007 0.051 0.9 ND 6.05 56 162 0.2 0.01
ND ND ND 0.01 ND 0.002 0.013 0.043 0.8 ND 7.4 58 146 0.1 ND
ND ND ND 0.01 ND 0.001 0.007 0.027 0.9 ND 5.86 55 142 0.2 0.07
ND ND ND 0.007 0.01 0.043 ND 7.72 146 0.01


ND ND 0.7 55 0.3
2.63 14.7 0.2 1.6 ND ND 0.03 0.15 727 824 ND ND 61500 60000 170 ND 0.5 5.7
0.08 0.38 ND 1.23 ND 0.478 0.568 1.88 1.8 ND 0.21 10 92 4.1 0.02
0.08 0.07 ND 0.134 0.011 0.351 ND 0.4 108 0.01


0.49 ND 1.5 7.7 8.6
ND 0.97 ND 1.92 0.01 0.79 0.009 3.18 1.5 ND 0.47 11 150 9.1 ND
0.02 1.51 ND 0.74 0.05 0.519 0.006 3.1 1.7 ND 0.43 8.9 112 6.4 0.02
0.02 0.85 ND 1.18 ND 0.112 0.016 4.5 1.8 ND 0.43 9.5 122 5.8 0.02
ND ND ND 0.8 ND 0.02 0.028 2.48 1.9 ND 0.33 6.7 130 9.6 0.01
0.02 0.04 ND 3.02 ND 0.799 ND 2.29 1.7 ND 0.46 13 188 8.5 0.04
0.03 4.33 ND 0.96 ND 0.476 0.027 7.16 1.9 ND 0.44 8.5 122 5.5 0.07
ND 5.14 ND 0.28 ND 1.9 ND 10 12 0.11
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Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
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Ammonia as 
Nitrogen 
(mg/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total (mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total (mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Calcium, 
Total (mg/L)


Carbonate, 
CO3


(mg/L)


Chloride 
(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Total


(mg/L)


Cobalt, 
Dissolved 


(mg/L)


Copper, 
Dissolved 


(mg/L)


Copper, Total 
(mg/L)


Fluoride 
(mg/L)


Hardness as 
CaCO3 (mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, Total 
(mg/L)


Kjeldahl 
Nitrogen, 


Total (mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


H88-17 25-Oct-90 94 0.07 0.12 0.08 84 2.3
H88-17 31-Oct-08 72 5.1 0.0148 ND ND 0.0627 0.0617 0.00003 0.00002 18.3 18.4 1.0 ND ND 1.4 1.4 ND 70.1 ND 23 ND ND 5850 5850
H88-19 08-Nov-88 277 0.2 1.4 ND ND 146 0.06 0.006 19 0 2.8 ND 1.9 ND 0.12 83 0.24 1010 206 ND 8.8
H88-19 23-May-89 75 ND 0.31 ND ND 91 ND ND 22 0 2.8 ND 0.13 ND 0.06 67 0.09 68.6 10.8 ND 3.2
H88-19 10-Jul-89 63 ND 0.31 ND ND 77 0.1 ND 17 0 2.8 ND 0.2 ND 0.08 53 ND 88 38.8 ND 2.6
H88-19 01-Nov-89 89 0.2 0.24 ND ND 108 ND ND 24 0 1.4 ND 0.21 0.02 0.06 74 0.33 78.5 58.3 ND 3
H88-19 24-Jan-90 58 ND 0.32 ND ND 71 0.07 ND 19 0 4.7 ND 0.21 ND 0.05 51 0.14 93 5.3 ND 0.7
H88-19 24-Apr-90 72 ND 0.36 ND ND 88 ND ND 21 0 5.7 ND 0.15 ND 0.08 65 0.09 56.6 39 ND 3.4
H88-19 18-Jul-90 62 ND 0.39 ND ND 75 0.18 ND 12 0 0.8 ND 0.24 ND 0.09 43 ND 98.2 24.4 ND 3
H88-19 20-Oct-90 69 ND 0.39 ND ND 84 0.11 ND 17 0 1.1 ND 0.11 ND 0.06 57 ND 102.5 11.2 ND 3.6
H88-19 06-Nov-08 79 4.6 20.5 ND 0.0106 0.0613 0.432 0.00008 0.00004 21 23.6 1.2 ND 32.7 1.1 81.5 ND 21.6 ND 29600 ND 20.4 4470 11900
H88-21 05-Nov-88 0.4 ND ND 0.005 ND 0.3 0.01 0.67 221 ND
H88-21 09-Nov-88 74.5 ND 94 0.02 23 0 0.7 0.07 71 0.5 3
H88-21 15-Feb-89 0.1 ND ND 0.003 ND 0.57 ND 0.39 408 ND
H88-21 16-Feb-89 96 0.45 112 0.36 33 2.7 1.4 0.6 84 5.7 ND
H88-21 23-May-89 87 ND 0.02 ND ND 106 ND ND 28 0 0.7 ND 0.13 ND 0.08 79 ND 3.1 2.2
H88-21 11-Jul-89 70 ND ND ND ND 85 ND ND 23 0 0.4 ND 0.09 ND 0.06 64 ND 85.6 1.8 ND 1.6
H88-21 03-Nov-89 76 0.4 ND ND ND 93 0.12 ND 24 0 ND ND 0.07 ND 0.07 68 0.85 58.6 0.3 ND 1.9
H88-21 24-Jan-90 80 ND 0.13 ND ND 98 ND ND 25 0 1.1 ND 0.42 ND 0.05 76 0.05 340 2.4 ND 3.4
H88-21 07-May-90 96 ND 0.04 ND ND 117 ND ND 26 0 1.1 ND 0.25 0.03 0.09 86 0.07 208 1.4 ND 5
H88-21 18-Jul-90 ND ND ND 90 ND 26 0 0.7 ND 0.32 ND ND 250 ND 1.7
H88-21 23-Oct-90 62 ND ND ND ND 76 0.08 ND 21 0 1.1 ND 0.14 ND 0.08 63 0.15 187.1 2.5 ND 2.4
H88-21 10-Nov-08 61 ND 0.0768 ND ND 0.0103 0.0112 ND ND 18.2 18.3 0.6 0.0008 0.0016 0.5 0.7 0.028 58.5 ND 74 ND 0.03 3110 3140
H88-22 05-Nov-88 172 2.6 ND ND ND 124 0.01 0.008 28 0 1.1 ND 0.25 0.03 0.08 92 4.34 174 0.5 ND 5.1
H88-22 15-Feb-89 0.1 ND ND 0.003 ND 0.09 ND ND 51.2 ND
H88-22 16-Feb-89 69 0.07 84 0.36 20 0 1.4 0.2 64 0.7 3.2
H88-22 23-May-89 109 ND
H88-22 30-May-89 101 0.2 0.02 ND ND 123 0.28 ND 30 0 1.1 ND 0.13 ND 0.26 91 0.05 104 2 ND 4
H88-22 10-Jul-89 105 ND ND ND ND 128 ND ND 30 0 1.4 ND 0.05 ND 0.1 95.172 0.05 46.9 1.2 ND 4.9
H88-22 02-Nov-89 101 ND ND ND ND 123 ND ND 27 0 ND ND 0.09 ND 0.07 89 0.09 55.6 0.4 ND 5.2
H88-22 24-Jan-90 98 ND 0.7 ND ND 120 ND ND 28 0 1.1 ND 0.07 ND 0.08 81 0.1 53.5 0.9 ND 2.8
H88-22 24-Apr-90 5 ND 0.07 ND ND 120 ND ND 27 0 0.9 ND 0.05 ND 0.08 89 0.07 29.4 0.5 ND 5.4
H88-22 18-Jul-90 102 ND 0.05 ND ND 125 0.01 ND 29 0 0.4 ND 0.24 ND 0.11 91 ND 188 6.2 ND 4.5
H88-22 25-Oct-90 92 ND 0.01 ND ND 112 0.07 ND 28 0 1.1 ND 0.15 ND 0.11 90 0.11 182.1 2.1 ND 5.1
H88-22 04-Nov-08 82 2.6 1.98 0.0023 0.0026 0.0167 0.0375 ND 0.00004 25.5 26.8 0.5 ND 0.0037 0.1 5.2 ND 90.9 ND 3140 ND 0.78 4830 5810
H88-23 03-Nov-88 97.6 0.1 0.24 ND ND 81 0.04 0.004 17 0 5 ND 0.4 0.01 0.07 62 0.18 331 3.4 ND 4.5
H88-23 12-Feb-89 0.1 ND ND 0.002 ND ND 0.01 ND 0.83 ND
H88-23 21-Feb-89 56 0.03 68 ND 14 0 1.1 0.06 53 1.4 4
H88-23 24-May-89 64 ND 0.06 ND ND 77 ND ND 20 0 1.4 ND 0.13 ND 0.06 62 0.05 128 4.9 ND 2.9
H88-23 23-Jul-89 55 ND ND ND ND 66 ND ND 19 0 1.1 ND 0.16 ND 0.07 54 ND 104 4.7 ND 1.2
H88-23 11-Nov-89 55 0.1 ND ND ND 67 0.13 ND 16 0 ND ND ND ND 0.06 62 ND 36.9 0.8 ND 5.1
H88-23 23-Jan-90 77 ND 0.3 ND ND 94 ND ND 18 0 4 ND 0.11 ND 0.15 59 ND 87.2 1.8 ND 3.2
H88-23 07-May-90 52 ND 0.07 ND ND 64 ND ND 15 0 1.7 ND 0.07 0.01 0.05 48 0.1 59.3 0.6 ND 2.7
H88-23 29-Jul-90 60 0.2 0.15 ND ND 74 0.1 ND 16 0 0.7 ND 0.44 ND 0.07 54 0.24 392 3.9 ND 3.4
H88-23 23-Oct-90 59 ND 0.09 ND ND 72 0.08 ND 18 0 1.1 ND 0.17 ND 0.06 63 0.05 316.3 5.7 ND 4.5
H88-23 11-Nov-08 48 4.2 0.206 ND ND 0.00454 0.00565 0.00002 0.00003 12.8 12.7 0.7 0.6 1.2 1.4 2.1 ND 43.4 ND 218 ND 0.07 2850 2850


H88-24A 03-Nov-88 75.1 ND 0.06 ND ND 98 0.07 0.003 12 0 33 ND 0.35 ND 0.21 48 0.09 267 0.8 ND 4.7
H88-24A 21-Feb-89 81 ND 0.01 ND ND 99 0.03 0.002 18 0 22 ND 0.02 ND 0.15 70 0.05 17.1 1.5 0.03 6
H88-24A 24-May-89 85 0.2 0.02 ND ND 103 ND ND 18 0 3.5 ND 0.14 ND 0.13 66 0.23 177 2.7 ND 5.1
H88-24A 23-Jul-89 82 ND 0.07 ND ND 100 ND ND 25 0 3.2 ND 0.16 ND 0.14 69 ND 177 4.1 ND 1.8
H88-24A 10-Nov-89 76 0.1 ND ND 1 93 0.01 ND 19 0 0.4 ND 0.08 ND 0.1 60 ND 75.2 4 ND 2.9
H88-24A 23-Jan-90 72 ND 0.14 ND ND 0.04 ND ND 0.84 ND 0.11 52 0.12 692 7.4 ND
H88-24A 26-Jan-90 88 18 0 2 1.5
H88-24A 07-May-90 68 ND 0.1 ND ND 83 ND ND 15 0 2 ND 0.23 0.01 0.09 57 0.21 205 0.7 ND 4.6
H88-24A 29-Jul-90 74 ND 0.04 ND ND 90 0.13 ND 17 0 1.3 ND 0.24 ND 0.12 58 0.14 223 4.5 ND 3.6
H88-24A 23-Oct-90 64 ND ND ND ND 78 0.08 ND 19 0 1.1 ND 0.16 ND 0.1 61 0.1 236.8 1.3 ND 3.4
H88-24A 11-Nov-08 52 ND 0.541 ND ND 0.00722 0.0111 0.00003 ND 13.9 13.7 0.7 0.8 2 0.7 2.6 ND 48.9 ND 671 ND 0.14 3430 3600
H88-25 03-Nov-88 245 ND 0.06 ND ND 143 0.18 0.004 57 0 284 ND 0.5 ND 0.43 191 ND 379 2.4 ND 12
H88-25 19-Feb-89 90 ND 0.08 ND ND 110 0.03 0.004 18 0 21 ND 0.02 ND 0.19 75 ND 13.5 1.4 ND 6.9
H88-25 24-May-89 102 1.3 0.06 ND ND 124 ND ND 23 0 13 ND 0.54 ND 0.18 82 1.01 385 7.4 ND 5.8
H88-25 23-Jul-89 121 ND ND ND ND 148 ND ND 22 0 17 ND 0.37 ND 0.38 70 ND 266 2.1 ND 3.4
H88-25 11-Nov-89 80 1 ND ND ND 98 0.27 ND 19 0 5.7 ND ND ND 0.15 63 1.3 107 0.6 ND 3.8
H88-25 23-Jan-90 52 ND 0.16 ND ND 63 0.03 ND 18 0 1.2 ND 0.37 ND 0.07 46 0.24 300 3.2 ND 0.5
H88-25 07-May-90 80 ND 0.09 ND ND 98 ND ND 16 0 3 ND 0.82 0.01 0.17 60 0.38 601 4.8 ND 5.1
H88-25 29-Jul-90 90 0.1 0.07 ND ND 110 0.19 ND 18 0 2.4 ND 0.27 ND 0.29 55 0.18 309 4.2 ND 2.4
H88-25 25-Oct-90 76 ND ND ND ND 93 0.17 ND 16 0 2.8 ND 0.04 ND 0.24 52 0.13 44.5 0.6 ND 2.9
H88-25 11-Nov-08 34 16.8 6.51 0.0014 0.0022 0.00152 0.03 ND 0.00051 8.46 8.95 0.5 2.7 16.1 1.9 14.2 ND 35 ND 5660 0.06 3.11 1280 3080
H88-27 07-Nov-88 66 0.1 0.04 ND ND 81 0.04 0.004 19 0 15 ND 0.06 0.01 0.09 68 0.22 18.3 ND ND 4.9
H88-27 18-Feb-89 60 0.8 0.24 ND ND 73 ND 0.008 16 0 3.5 ND 0.05 0.03 0.1 59 0.95 24 0.9 0.08 4.6
H88-27 31-May-89 56 0.2 0.01 ND ND 68 0.14 ND 18 0 0.7 ND 0.23 ND 0.09 53 0.07 181 1.1 ND 2.1
H88-27 18-Jul-89 65 ND ND ND ND 79 ND ND 18 0 1.1 ND 0.1 ND 0.11 62 0.1 65.9 1.5 ND 4
H88-27 02-Nov-89 61 0.1 ND ND ND 74 ND ND 18 0 1.4 ND 0.05 ND 0.07 55 0.29 30 1.2 ND 2.7
H88-27 20-Jan-90 61 ND ND ND ND 74 ND ND 17 0 2.2 ND 0.06 ND 0.08 54 0.15 46 0.2 ND 2.4
H88-27 04-May-90 46 ND 0.06 ND ND 56 ND ND 15 0 1 ND 0.25 ND 0.11 40 0.26 182 3 ND 0.7
H88-27 18-Jul-90 53 ND ND ND ND 64 0.05 ND 15 0 0.7 ND 0.33 ND 0.11 51 ND 293 10 ND 3.3
H88-27 23-Oct-90 50 ND ND ND ND 61 0.08 ND 15 0 1.1 ND 0.08 ND 0.08 48 0.09 118.2 1.6 ND 2.6
H88-27 30-Oct-08 51 406 0.262 0.0006 0.0006 0.0171 0.015 0.02 ND 13.6 13.1 0.7 0.0009 0.0015 1 3.8 2.7 ND 45.1 411 395 0.24 0.14 3090 2990
H88-28 07-Nov-88 129 0.1 0.07 ND ND 126 0.03 0.003 43 0 0.7 ND 0.2 ND 0.18 119 0.17 131 0.5 ND 2.8
H88-28 18-Feb-89 70 0.1 0.06 ND ND 85 ND 0.004 18 0 1.4 ND 0.13 ND 0.12 63 0.09 95.6 2.3 ND 4.5
H88-28 26-Jul-89 96 ND 0.03 ND ND 117 ND ND 33 0 0.7 ND 0.03 ND 0.16 89 0.06 35.9 2.4 ND 1.8
H88-28 03-Nov-89 68 0.3 ND ND ND 83 ND ND 20 0 ND ND 0.07 ND 0.12 60 0.53 53.6 1.3 ND 2.2
H88-28 19-Jan-90 61 ND ND ND ND 74 0.04 ND 20 0 1.3 ND 0.08 ND 0.08 59 0.05 72.5 1.4 ND 2.1
H88-28 04-May-90 59 ND 0.11 ND ND 72 ND ND 19 0 1 ND 0.15 0.01 0.1 52 0.11 110 1.2 ND 1
H88-28 18-Jul-90 84 ND 0.08 ND ND 102 0.09 ND 16 0 0.4 ND 0.18 0.01 0.13 75 ND 161 4.6 ND 8.4
H88-28 24-Oct-90 61 ND 0.05 ND ND 74 0.07 ND 19 0 1.1 ND 0.08 ND 0.13 56 0.11 124.8 3.4 ND 1.8
H88-28 30-Oct-08 44 3 0.437 ND 0.0008 0.00627 0.0113 0.00002 0.00003 11.5 11.8 0.5 0.0002 0.0021 0.1 0.5 4.5 ND 39.2 ND 952 0.12 1.6 2170 2390
H89-29 27-Jul-89 147 ND 0.25 ND 0.6 179 ND ND 27 0 1.8 ND ND ND 0.17 102 0.14 0.23 0.7 ND 8.1
H89-29 01-Nov-89 125 0.2 ND ND ND 153 0.03 ND 30 0 1.1 ND ND ND 0.09 110 1.22 1.23 0.5 ND 8.8
H89-29 23-Jan-90 119 ND 0.13 ND ND 145 ND ND 34 0 2.7 ND ND ND 0.11 118 0.22 2.59 0.8 ND 7.9
H89-29 17-Apr-90 105 ND ND ND ND 127 0.05 ND 33 0 6.9 ND ND ND 0.11 112 2.45 3.26 0.5 ND 7.5







Station ID Date 
Collected


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


H88-17 25-Oct-90 94
H88-17 31-Oct-08 72 5.1
H88-19 08-Nov-88 277 0.2
H88-19 23-May-89 75 ND
H88-19 10-Jul-89 63 ND
H88-19 01-Nov-89 89 0.2
H88-19 24-Jan-90 58 ND
H88-19 24-Apr-90 72 ND
H88-19 18-Jul-90 62 ND
H88-19 20-Oct-90 69 ND
H88-19 06-Nov-08 79 4.6
H88-21 05-Nov-88 0.4
H88-21 09-Nov-88 74.5
H88-21 15-Feb-89 0.1
H88-21 16-Feb-89 96
H88-21 23-May-89 87 ND
H88-21 11-Jul-89 70 ND
H88-21 03-Nov-89 76 0.4
H88-21 24-Jan-90 80 ND
H88-21 07-May-90 96 ND
H88-21 18-Jul-90 ND
H88-21 23-Oct-90 62 ND
H88-21 10-Nov-08 61 ND
H88-22 05-Nov-88 172 2.6
H88-22 15-Feb-89 0.1
H88-22 16-Feb-89 69
H88-22 23-May-89
H88-22 30-May-89 101 0.2
H88-22 10-Jul-89 105 ND
H88-22 02-Nov-89 101 ND
H88-22 24-Jan-90 98 ND
H88-22 24-Apr-90 5 ND
H88-22 18-Jul-90 102 ND
H88-22 25-Oct-90 92 ND
H88-22 04-Nov-08 82 2.6
H88-23 03-Nov-88 97.6 0.1
H88-23 12-Feb-89 0.1
H88-23 21-Feb-89 56
H88-23 24-May-89 64 ND
H88-23 23-Jul-89 55 ND
H88-23 11-Nov-89 55 0.1
H88-23 23-Jan-90 77 ND
H88-23 07-May-90 52 ND
H88-23 29-Jul-90 60 0.2
H88-23 23-Oct-90 59 ND
H88-23 11-Nov-08 48 4.2


H88-24A 03-Nov-88 75.1 ND
H88-24A 21-Feb-89 81 ND
H88-24A 24-May-89 85 0.2
H88-24A 23-Jul-89 82 ND
H88-24A 10-Nov-89 76 0.1
H88-24A 23-Jan-90 72 ND
H88-24A 26-Jan-90
H88-24A 07-May-90 68 ND
H88-24A 29-Jul-90 74 ND
H88-24A 23-Oct-90 64 ND
H88-24A 11-Nov-08 52 ND
H88-25 03-Nov-88 245 ND
H88-25 19-Feb-89 90 ND
H88-25 24-May-89 102 1.3
H88-25 23-Jul-89 121 ND
H88-25 11-Nov-89 80 1
H88-25 23-Jan-90 52 ND
H88-25 07-May-90 80 ND
H88-25 29-Jul-90 90 0.1
H88-25 25-Oct-90 76 ND
H88-25 11-Nov-08 34 16.8
H88-27 07-Nov-88 66 0.1
H88-27 18-Feb-89 60 0.8
H88-27 31-May-89 56 0.2
H88-27 18-Jul-89 65 ND
H88-27 02-Nov-89 61 0.1
H88-27 20-Jan-90 61 ND
H88-27 04-May-90 46 ND
H88-27 18-Jul-90 53 ND
H88-27 23-Oct-90 50 ND
H88-27 30-Oct-08 51 406
H88-28 07-Nov-88 129 0.1
H88-28 18-Feb-89 70 0.1
H88-28 26-Jul-89 96 ND
H88-28 03-Nov-89 68 0.3
H88-28 19-Jan-90 61 ND
H88-28 04-May-90 59 ND
H88-28 18-Jul-90 84 ND
H88-28 24-Oct-90 61 ND
H88-28 30-Oct-08 44 3
H89-29 27-Jul-89 147 ND
H89-29 01-Nov-89 125 0.2
H89-29 23-Jan-90 119 ND
H89-29 17-Apr-90 105 ND


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


Organic 
Phosphorous, 


Total
(mg/L)


Ortho 
Phosphorous 


(mg/L)


Phosphorous, 
Total


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Potassium, 
Total


(mg/L)


Selenium, 
Dissolved 


(mg/L)


Selenium, 
Total


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium, 
Dissolved 


(mg/L)


Sodium, Total 
(mg/L)


Solids, Total 
Dissolved 


(mg/L)
Sulfate (mg/L)


Zinc, 
Dissolved 


(mg/L)


Zinc, Total 
(mg/L)


0.03 0.007 6.2 0.49 122
0.17 0.49 1.3 1 0.7 ND ND ND 940 941 ND ND 6760 6780 83 8.1 1.4 0.9
0.18 13.2 ND ND ND 3.1 0.004 16.2 4.8 ND 1.21 25 154 13 0.02
0.02 1.26 ND 0.21 ND 1.88 0.031 8.32 1.5 ND 0.6 11 108 15 ND
0.02 1.39 ND 0.08 ND 3.14 0.044 9.78 2.3 ND 0.55 9.2 104 8.6 0.01
0.11 1.57 ND 0.15 ND 3.34 0.023 10.9 3.3 ND 0.66 13 124 15 0.05
0.05 1.92 ND 0.42 ND 0.293 0.019 2.09 2 ND 0.83 14 114 15 0.02
0.07 0.93 ND 0.62 ND 0.53 0.004 6.23 5.2 ND 0.72 13 114 19 0.02
0.31 1.92 ND 0.14 ND 1.13 0.156 5.32 4.5 ND 0.64 9.6 114 7.7 0.01
0.05 1.9 ND 1.32 ND 1.02 0.016 4.797 3.1 ND 0.56 9.6 118 5.8 0.06
6.46 744 1.1 31 ND ND ND 1.13 817 5570 ND ND 7810 7390 104 13.1 2.9 84.3
0.04 4.3 ND ND 0.04


0.39 ND 0.036 0.001 2.69 1.7 0.31 6 114 3.7
0.05 8.17 ND ND 0.02


0.89 0.01 0.646 0.137 5.96 2.3 0.35 7.4 104 4.7
ND 2.67 ND 0.28 0.01 0.371 0.022 2.74 1.2 ND 0.26 5.2 106 4.9 0.01
ND 1.65 ND 0.28 ND 0.82 0.016 3.13 2.9 ND 0.19 3.4 98 4.9 ND
0.08 1.24 ND 0.25 ND 0.1 0.166 4.4 1.7 ND 0.24 4.7 86 2.1 0.02
ND 7.18 ND 0.31 ND 0.394 0.02 4.98 1.3 ND 0.2 4 110 3.1 ND
0.02 4.44 ND 0.35 ND 0.635 0.009 4.9 3 ND 0.31 6.6 138 4 0.07
ND 5.37 ND 0.33 ND 1.2 ND 2.4 3.1 0.03
ND 4.04 ND 0.3 ND 1.099 0.022 4.581 1.8 ND 0.04 0.7 88 3 0.04
0.11 2.87 0.9 1.5 0.2 ND ND 0.006 576 589 ND ND 3010 3000 80 3.1 1 1.7
0.7 4.15 ND 0.07 ND 3.11 0.001 4.5 1.3 ND 0.27 5.9 122 1.6 0.04
0.13 1.23 ND ND 0.03


7.54 ND 0.478 0.568 1.88 0.9 0.21 4 92 2.1


0.15 2.16 ND ND ND 0.03 0.016 2.77 1 ND 0.24 5.3 116 4.3 0.14
0.11 0.94 ND 0.05 ND 1.902 0.053 4.36 1.5 ND 0.27 5.9 136 3.7 ND
0.07 1.51 ND ND ND 0.042 0.025 0.936 1.6 ND 0.26 5.7 112 2.5 ND
0.05 1.73 ND ND ND ND 0.019 1.25 4.3 ND 0.34 7.2 96 2.8 0.01
0.07 0.76 ND 0.02 ND 0.048 0.01 0.954 1.5 ND 0.23 5.1 106 2.6 0.02
0.07 4.66 ND ND ND 0.593 0.049 4.41 1.5 ND 0.24 5.4 124 3.1 ND
0.1 5.33 ND 0.01 ND 0.746 0.024 4.822 1.5 ND 0.07 1.7 91 3 0.1
44.8 238 0.5 3.3 ND ND 0.02 0.09 1090 1270 ND ND 4700 4990 99 2.5 1.3 8.4
0.21 5.9 ND 0.31 ND 1.39 0.007 8.91 2.4 ND 0.48 8.7 108 9.5 0.03
0.02 0.03 ND 0.01 0.01


0.21 0.01 0.329 0.006 2.15 1.1 0.21 3.4 88 2.3
0.08 2.41 ND 0.3 ND 0.782 0.019 3.62 2.3 ND 0.24 4.3 82 6 ND
0.06 1.93 ND 0.13 ND 0.587 0.026 3.4 1.9 ND 0.23 3.9 96 7.2 0.01
0.08 0.65 ND 4.8 ND 0.208 0.052 1.64 1.6 ND 0.18 3.3 78 3.7 ND
0.04 1.62 ND 0.46 ND 0.402 0.039 3.4 2.3 ND 0.66 12 108 4.4 0.06
0.05 1.1 ND 0.46 ND 1.01 0.006 2.59 1.7 ND 0.25 4 118 2.8 0.02
0.02 8.21 ND 0.39 ND 0.873 0.012 3.7 2.2 ND 0.26 4.4 65 3.8 0.06
ND 7.81 ND 0.39 ND 0.736 0.02 5.688 1.7 ND 0.04 0.8 90 3.5 0.04
0.17 4.71 0.6 0.9 0.3 ND ND 0.11 581 623 ND ND 2860 2840 66 2.1 1.3 1.9
4.58 5.9 ND 0.22 ND 0.458 0.002 5.74 3.3 ND 2.47 40 168 7.6 0.03
0.46 0.83 ND 0.13 0.01 0.724 0.019 5.18 2.1 ND 1.15 22 148 7 0.01
0.11 2.87 ND 0.07 ND 0.695 0.074 3 2.1 ND 0.62 11 94 2.5 ND
ND 2.82 ND 0.38 0.02 0.167 0.035 1.82 2.5 ND 0.52 9.9 116 4.3 0.02
ND 2.2 ND 0.08 ND 3.16 0.033 9.17 2.1 ND 0.45 8.1 94 2.7 0.01
0.26 17.9 ND 3.55 0.042 9.6 ND 0.6 102 0.01


0.08 ND 3.7 9.9 1.9
0.03 5.97 ND 0.23 ND 0.466 0.006 3.22 1.7 ND 0.41 7.2 110 2.2 0.02
ND 7.22 ND 0.28 ND 0.169 0.014 2.44 2.4 ND 0.45 7.8 77 3 0.03
ND 7.3 ND 0.19 ND 1.089 0.022 5.447 1.9 ND 0.11 2 105 2.7 0.05
0.21 25 0.8 1.4 0.3 ND ND 0.02 738 800 ND ND 3840 3780 70 2.2 ND 2.9
ND 7 ND ND ND 0.826 0.006 5.46 8.8 ND 5.38 171 716 45 ND
ND 0.23 ND 0.37 ND 0.575 0.034 1.12 3.6 ND 1.05 21 132 6 0.03
0.07 6.4 ND 0.12 0.01 2.35 0.051 8.27 3.5 ND 0.93 19 140 6.6 0.03
0.03 4.81 ND 0.14 ND 0.559 0.019 2.71 3.4 ND 1.88 36 190 6.6 0.04
0.04 1.79 ND 0.21 ND 1.32 0.042 8.17 2.5 ND 0.74 14 104 4.1 0.02
0.02 5.67 ND 0.42 ND 0.134 0.042 1.75 2.4 ND 0.24 3.6 104 3 0.01
0.02 11.9 ND 0.33 ND 1.84 0.025 8.13 2.1 ND 0.71 13 106 4.4 0.04
ND 8.43 ND 0.17 ND 0.278 0.024 3.53 2.9 ND 1.07 18 99 4 0.04
ND 0.91 ND 0.08 ND 0.061 0.04 0.984 2.2 ND 0.79 13 110 2.8 0.02
1.59 84.5 2.2 11.9 0.3 ND 0.06 0.13 947 1550 ND ND 4500 3880 69 2.2 2.1 16.3
0.05 0.37 ND 0.39 ND 0.036 0.001 0.482 2 ND 0.57 11 116 3.7 0.03
0.04 0.43 ND 2.55 ND 0.504 0.021 1.3 1.6 0.01 0.27 4.8 72 5.6 0.1
0.02 3.2 ND 0.42 ND 0.289 0.021 2.04 1.3 ND 0.21 3.5 76 4.7 ND
0.02 1.5 ND 0.94 ND 1.07 0.015 4.58 1.6 ND 0.23 4.1 112 3.1 0.02
ND 0.91 ND 0.38 ND 0.045 0.04 0.617 1.4 ND 0.23 3.8 84 2.3 0.02
ND 1.25 ND 0.25 ND 0.02 0.026 1.08 2.1 ND 0.27 4.7 102 2 0.01
ND 3.83 ND 0.67 ND 1.75 0.047 7.95 2.5 ND 0.25 3.6 76 1.4 0.01
ND 6.42 ND 0.55 ND 2.56 0.065 6.3 2.1 ND 0.14 2.4 92 1.8 ND
ND 4.01 ND 0.51 ND 0.246 0.016 2.216 1.6 ND 0.14 2.3 80 1.9 0.07
14.9 8.6 1.4 1.4 0.7 ND 0.02 0.03 896 812 ND ND 2830 2750 65 2.8 2.8 1.9
0.02 2.45 ND 0.58 ND 0.704 0.072 2.99 2.9 ND 0.33 8.2 182 6.4 0.01
0.09 1.47 ND 0.74 ND 0.299 0.031 2.55 1.5 0.01 0.33 4.4 108 2.7 0.02
0.03 0.52 ND 0.64 ND 0.311 0.011 1.62 2.2 ND 0.24 5.3 152 3.1 0.03
0.07 1.14 ND 0.45 ND 0.206 0.2 2.09 1.9 ND 0.26 4.6 110 2.3 0.02
0.13 1.1 ND 0.38 ND 0.125 0.045 1.03 1.8 ND 0.16 2.8 112 2 0.01
0.09 1.94 ND 0.41 ND 0.41 0.21 2.67 2.2 ND 0.25 4.1 98 2.8 0.04
0.12 2.66 ND 0.45 ND 0.737 0.079 2.84 2.7 ND 0.23 4.7 130 2.6 0.03
ND 2.32 ND 0.33 ND 1.452 0.015 4.523 1.5 ND 0.17 3 110 1.7 0.09
1.4 12.3 0.99 1.8 0.6 ND 0.02 0.04 514 592 ND ND 3130 3160 80 1.3 1.3 3.4
ND ND ND 0.01 ND 0.005 0.005 0.012 3 ND 0.93 22 158 5.6 0.06
0.04 0.03 ND ND ND 0.004 0.006 0.017 2.4 ND 0.35 8.4 128 6.6 0.47
0.03 0.03 ND ND ND ND 0.004 0.007 1.3 ND 0.27 6.7 140 10 0.77
0.04 0.04 ND ND ND 0.007 0.003 0.015 1.3 ND 0.24 5.7 124 14 0.5







Station ID Date 
Collected


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total (mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total (mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Calcium, 
Total (mg/L)


Carbonate, 
CO3


(mg/L)


Chloride 
(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Total


(mg/L)


Cobalt, 
Dissolved 


(mg/L)


Copper, 
Dissolved 


(mg/L)


Copper, Total 
(mg/L)


Fluoride 
(mg/L)


Hardness as 
CaCO3 (mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, Total 
(mg/L)


Kjeldahl 
Nitrogen, 


Total (mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


H89-29 31-Jul-90 112 ND 0.04 ND ND 137 0.14 ND 29 0 1.5 ND ND ND 0.11 109 2.59 3.55 0.9 ND 8.8
H89-29 30-Oct-90 101 ND 0.06 ND ND 123 0.01 ND 28 0 1.4 ND ND ND 0.22 103 0.06 3.47 0.5 ND 7.9
H89-29 05-Nov-08 122 ND ND ND ND 648 667 ND ND 24.1 24.7 1.3 0.0003 0.0005 0.4 0.4 ND 96.3 1160 1230 0.04 0.06 8050 8410
H89-30 28-Jul-89 291 ND 0.22 0.011 ND 354 ND ND 10 0 2.5 ND ND ND 1.35 34 ND 4.6 2.1 ND 1.9
H89-30 03-Nov-89 140 0.8 ND ND ND 157 0.2 ND 3 7 ND ND ND ND 0.54 9 0.54 4.11 0.3 ND 0.2
H89-30 24-Jan-90 301 ND ND ND ND 367 ND ND 5 0 2.5 ND ND ND 1.71 18 1.14 2.52 0.8 ND 1.2
H89-30 17-Apr-90 298 1.1 0.36 ND ND 364 0.05 ND 4.4 0 3.9 ND ND ND 1.64 30 1.17 2.49 0.6 ND 4.5
H89-30 18-Jul-90 299 ND 0.36 ND ND 364 0.18 ND 4.7 0 2.2 ND ND ND 1.64 18 ND 2.71 0.9 ND 1.5
H89-30 25-Oct-90 282 ND 0.26 ND ND 344 0.11 ND 3.1 0 2.5 ND ND ND 1.85 14 0.05 1.51 0.3 ND 1.6
H89-30 18-Jul-90 ND 0.36 ND ND 364 0.18 ND 4.7 0 0.75 5.96 ND ND 1.64 ND 2.71 0.9 ND 1.5 0.09 0.14
H89-30 25-Oct-90 ND 0.26 ND ND 344 0.11 ND 3.1 0 0.61 5.81 ND ND 1.85 0.05 1.51 0.3 ND 1.6 0.09 0.14
H88-EB 12-Nov-08 ND ND ND ND ND 0.09 0.18 ND ND ND ND ND ND 0.4 0.8 1.4 ND ND ND ND ND 0.02 ND ND


Note: Blank cells indicate component was not analyzed.


Abbreviations
CaCO3: Calcium carbonate
mg/L: Milligrams per liter
ND: Not detected.  If available, reporting limits are provided in the database (Attachment 3).







Station ID Date 
Collected


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


H89-29 31-Jul-90 112 ND
H89-29 30-Oct-90 101 ND
H89-29 05-Nov-08 122 ND
H89-30 28-Jul-89 291 ND
H89-30 03-Nov-89 140 0.8
H89-30 24-Jan-90 301 ND
H89-30 17-Apr-90 298 1.1
H89-30 18-Jul-90 299 ND
H89-30 25-Oct-90 282 ND
H89-30 18-Jul-90 ND
H89-30 25-Oct-90 ND
H88-EB 12-Nov-08 ND ND


Note: Blank cells indicate component was not analyzed.


Abbreviations
CaCO3: Calcium carbonate
mg/L: Milligrams per liter
ND: Not detected.  If available, reporting limits are provided in the database (Attachment 3).


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


Organic 
Phosphorous, 


Total
(mg/L)


Ortho 
Phosphorous 


(mg/L)


Phosphorous, 
Total


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Potassium, 
Total


(mg/L)


Selenium, 
Dissolved 


(mg/L)


Selenium, 
Total


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium, 
Dissolved 


(mg/L)


Sodium, Total 
(mg/L)


Solids, Total 
Dissolved 


(mg/L)
Sulfate (mg/L)


Zinc, 
Dissolved 


(mg/L)


Zinc, Total 
(mg/L)


0.05 0.04 ND ND ND ND ND ND 1.7 ND 0.24 5.8 121 9.1 0.24
0.04 0.04 ND 0.01 ND 0.007 0.007 0.01 1.7 ND 0.2 4.7 131 11 0.17
26.7 28.1 0.7 0.9 ND ND ND ND 2240 2370 ND ND 7000 7590 133 2.4 1.3 3.3
ND 0.07 ND 0.05 ND 0.067 0.04 0.19 2.5 ND 9.19 123 366 7.2 0.02
0.04 0.06 ND ND ND 0.043 0.04 0.143 0.6 ND 8.82 59 152 ND 0.01
0.05 0.07 ND ND ND 0.046 0.012 0.076 1.8 ND 13.5 130 362 2.7 0.02
0.12 0.13 ND ND ND 0.058 0.046 0.14 1.8 ND 9.92 124 368 1.6 0.01
0.09 0.14 ND ND ND 0.106 0.016 0.198 2 ND 13.1 128 338 1.1 0.02
0.09 0.14 ND ND ND 0.012 0.007 0.099 2.2 ND 14.3 125 357 1.2 0.05
ND ND 0.106 0.016 0.198 2 13.1 128 338 1.1 0.02
ND ND 0.012 0.007 0.099 2.2 14.3 125 357 1.2 0.05
0.06 0.08 ND 0.2 ND ND ND ND ND ND ND ND ND ND ND ND 1.8 5.8
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Table A2-1 Water Quality Analysis for Bedrock Wells 
Baseline (1988-1990) 2008 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN 
pH (Field) 11.45 8.37 5.6 1.1 7.27 to 9.47 9.33 8.4 7.54 


Specific Conductance (Field) µS/cm 2950 696.27 1 619.9 76.37 to 1316.17 4606 1524 401 


Temperature °C 10.9 3.15 0 1.7 1.45 to 4.85 5.1 4.03 2.92 


Dissolved Oxygen mg/L 15.2 7.13 0.28 4.75 2.38 to 11.88 4.24 1.4 0.41 


Alkalinity (Lab) mg/L 2565 560.215 101 558.534 1.681 to 1118.75 1510 476.143 122 
Alkalinity (Field) mg/L 2565 441.26 10.8 519 0 to 960.26 NA NA 


Aluminum (diss.)1 mg/L 1.7 0.1388 0.0058 0.3087 0 to 0.4475 0.157 0.044 0.002 
Arsenic (diss.)1 mg/L 0.03 0.0095 0.0025 0.0083 0.0012 to 0.0178 0.0064 0.0028 0.0009 
Barium (diss.)1 mg/L 1.4 0.282 0.027 0.403 0 to 0.685 1.11 0.4009 0.0525 
Cadmium (diss.)1 mg/L 0.005 0.00071 0.00005 0.00145 0 to 0.00216 0.00006 0.000053 0.00005 
Copper (diss.)1 mg/L 0.01 0.00124 0.00008 0.0032 0 to 0.00444 0.0004 0.00024 0.00008 
Lead (diss.)1 mg/L 0.03 0.003 0.000004 0.0085 0 to 0.0115 0.00016 0.000063 0.000004 
Mercury (diss.)2 mg/L ND ND 0 to 0 NA NA 
Selenium (diss.)1,2 mg/L 0.007 0.00067 0.0004 0.0013 0 to 0.00197 0.0016 0.0008 0.0004 
Zinc (diss.)3 mg/L 0.77 0.06 0.0007 0.13 0 to 0.19 0.002 0.0012 0.0005 
Chromium (diss.)1,2 mg/L 0.02 0.0009 0.0001 0.0039 0 to 0.0048 0.0014 0.00056 0.0001 
Iron (diss.)3 mg/L 2.59 0.226 0.0312 0.484 0 to 0.71 1.16 0.225 0.0336 
Manganese (diss.)1 mg/L 0.07 0.0124 0.002 0.0157 0 to 0.0281 0.0267 0.009 0.00176 
Chromium (Total)1 mg/L 0.11 0.017 0.000032 0.026 0 to 0.043 0.0071 0.0026 0.0002 
Iron (Total) mg/L 21.7 3.07 0.0646 4.766 0 to 7.836 2.7 0.966 0.112 
Manganese (Total)3 mg/L 0.35 0.053 0.003 0.07 0 to 0.123 0.0296 0.017 0.0049 
Hardness as CaCO3 mg/L 129 45.57 4 44.1 1.47 to 89.67 105 39.4 8.5 
Bicarbonate HCO3 mg/L 2749 586.85 0 666.04 0 to 1252.89 NA NA 
Carbonate CO3 mg/L 344 32.3 0 78.11 0 to 110.41 NA NA 







Table A2-1 (Cont.) Water Quality Analysis for Bedrock Wells 


Baseline (1988-1990) 2008 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN 
Chloride4 mg/L 120 17.4 0.028 30.453 0 to 47.853 63.4 14.2 0.5 
Nitrate (as N)1,2 mg/L 9 0.204 0.003 1.2 0 to 1.404 0.008 0.0058 0.00327 
Nitrite (as N)2 mg/L ND ND 0 to 0 ND ND 
Sulfate3 mg/L 26 4.066 0.1 4.9 0 to 8.966 2.4 0.66 0.155 
Calcium (diss.) mg/L 38 12.33 1.3 12.466 0 to 24.796 27.6 9.95 0.22 
Magnesium (diss.)4 mg/L 17.3 3.52 0.096 3.86 0 to 7.38 8.58 2.9 0.067 
Potassium (diss.)4 mg/L 6.1 2.42 0.5 1.37 1.05 to 3.79 2.93 1.64 0.727 
Sodium (diss.) mg/L 1120 238.3 4.7 270.57 0 to 508.87 748 215.63 7 
Ammonia (as N)3 mg/L 1.87 0.359 0.01 0.352 0.007 to 0.771 NA NA 
Total Kjeldahl Nitrogen (as N)4 mg/L 2.4 0.9 0.0798 0.565 0.335 to 1.465 NA NA 
Ortho Phosphorus4 mg/L 0.338 0.052 0.001 0.095 0 to 0.147 NA NA 
Total Organic Phosphorus3 mg/L 0.837 0.033 0.0006 0.114 0 to 0.147 NA NA 
Total Phosphorus mg/L 1.94 0.218 0.006 0.3845 0 to 0.6025 0.45 0.166 0.004 
Sodium Adsorption Ratio 82 25.32 0.2 26.38 0 to 51.7 NA NA 
Total Dissolved Solids mg/L 2750 616.7 121 624.44 0 to 1241.14 1700 555.43 133 
Boron3 mg/L 0.43 0.111 0.00464 0.11 0.001 to 0.221 NA NA 
Fluoride4 mg/L 3.59 0.994 0.05 1.047 0 to 2.041 4 0.97 0.0745 


Key: 
1 – More than 50% ND.  CaCO3 – calcium carbonate 
2 – Not enough data to calculate ND (for either all or some wells). Max – maximum 
3 – Less than 50% ND.  mg/L – milligrams per liter 
4 – Less than 10% ND.  Min – minimum 
% – percent NA – not available
µS/cm - microSiemens per centimeter ND – non-detect 
°C – degrees Celsius Std. Dev. – standard deviation
Bold indicates value is above or below the mean + std.dev. value. 







Table A2-2 Water Quality Analysis for Glacial-Alluvial Wells 
Baseline (1988-1990) 2008 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN 
pH (Field) 8.72 7.04 2 0.886 6.154 to 7.926 7.93 6.79 5.8 


Specific Conductance (Field) µS/cm 741 172.128 3 79.566 92.562 to 251.694 326 223.5 147 


Temperature °C 18.5 3.447 -1 3.177 0.27 to 6.624 5.9 4.077 2.21 


Dissolved Oxygen mg/L 14.42 10.285 2.5 2.66 7.625 to 12.945 11.09 7.27 1.19 


Alkalinity (Lab) mg/L 277 80.62 5 36.26 44.36 to 116.88 82 57.3 34 
Alkalinity (Field) mg/L 720 107.36 3.2 126.81 0 to 234.17 NA NA 


Aluminum (diss.)1 mg/L 2.6 0.131 0.1306 0.3436 0 to 0.4746 0.406 0.0518 0.0026 
Arsenic (diss.)1 mg/L 0.0002 0.0002 0.0002 0 0.0002 to 0.0002 0.0023 0.0011 0.0002 
Barium (diss.)1 mg/L 1 0.0275 0.0003 0.1114 0 to 0.1389 0.0627 0.0228 0.0015 
Cadmium (diss.)1 mg/L 0.008 0.001 0.00002 0.0018 0 to 0.0028 0.0018 0.0002 0.00002 
Copper (diss.)1 mg/L 0.03 0.0027 0.0001 0.0063 0 to 0.009 0.0038 0.0013 0.0001 
Lead (diss.)1 mg/L 0.08 0.0039 0.000006 0.0157 0 to 0.0196 0.0002 0.0001 0.000006 
Mercury (diss.) mg/L ND ND 0 to 0 NA NA 
Selenium mg/L 0.01 0.01 0.01 0 0.01 to 0.01 ND ND 
Zinc (diss.)2 mg/L 0.14 0.0289 0.0023 0.0277 0.0012 to 0.0566 0.0066 0.0025 0.001 
Chromium (diss.)1 mg/L 0.0002 0.0001 0.000041 0.0001 0 to 0.0002 0.0027 0.0008 0.00004 
Iron (diss.)2 mg/L 4.34 0.2364 0.0255 0.5498 0 to 0.7862 0.411 0.0695 0.025 
Manganese (diss.)2 mg/L 4.58 0.1121 0.0002 0.4892 0 to 0.6013 0.0448 0.007 0.0001 
Chromium (Total)2 mg/L 1.9 0.1909 0.0062 0.2479 0 to 0.4388 0.0327 0.0068 0.0004 
Iron (Total) mg/L 1010 146.055 0.28 161.244 0 to 307.299 29.6 4.08 0.023 
Manganese (Total)2 mg/L 17.9 3.0332 0.0153 3.1933 0 to 6.2265 0.744 0.1122 0.0005 


Hardness as CaCO3 mg/L 191 68.51 38 22.05 46.46 to 90.56 90.9 50.4 21.6 
Bicarbonate HCO3 mg/L 181 94.184 49 24.004 70.18 to 118.188 NA NA 
Carbonate CO3 mg/L 2.7 0.03 0 0.288 0 to 0.318 NA NA 







Table A2-2 (Cont.) Water Quality Analysis for Glacial-Alluvial Wells 


Baseline (1988-1990) 2008


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN 
Chloride3 mg/L 284 6.278 0.278 30.38 0 to 36.658 1.8 0.82 0.5 
Nitrate (as N)3 mg/L 7.54 0.57 0.01 1.0057 0 to 1.5757 0.7 0.345 0.0454 
Nitrite (as N)4 mg/L 0.05 0.016 0.01 0.013 0.003 to 0.029 ND ND 
Sulfate SO4 mg/L 45 6.0287 1.4 5.69 0.339 to 11.7 13.8 5.12 1.3 
Calcium (diss.) mg/L 57 21.16 12 6.88 14.28 to 28.04 25.5 15.93 8.46 
Magnesium (diss.) mg/L 12 3.843 0.5 2.186 1.657 to 6.029 5.85 3.43 1.28 
Potassium (diss.) mg/L 8.8 2.118 0.6 1.157 0.961 to 3.275 1.09 0.758 0.479 
Sodium (diss.) mg/L 171 10.57 0.7 18.556 0 to 29.126 7.81 4.326 2.83 
Ammonia (as N)2 mg/L 1.4 0.1044 0.0061 0.1884 0 to 0.2928 NA NA 
Total Kjeldahl Nitrogen (as N)3 mg/L 206 6.507 0.095 23.31 0 to 29.817 NA NA 
Ortho Phosphorus mg/L 0.568 0.0453 0.001 0.09 0 to 0.1353 NA NA 


Total Organic Phosphorus3 mg/L 3.55 0.76 0.002 0.8661 0 to 1.6261 NA NA 
Total Phosphorus mg/L 16.2 3.806 0.195 2.8775 0.9285 to 6.6835 1.13 0.2064 0.006 
Sodium Adsorption Ratio 5.38 0.5321 0.04 0.649 0 to 1.1811 NA NA 
Total Dissolved Solids mg/L 716 116.86 65 69.563 47.297 to 186.423 104 79.7 65 
Boron2 mg/L 0.41 0.073 0.0092 0.092 0 to 0.165 NA NA 
Fluoride mg/L 0.6 0.1255 0.05 0.0861 0.0394 to 0.2116 0.0631 0.05 0.028 


Key: 
1 – More than 50% ND.  
2 – Less than 50% ND. 
3 – Less than 10% ND. 
4 – Not enough data to calculate ND. 
% – percent 
µS/cm - microSiemens per centimeter 
°C – degrees Celsius 
CaCO3 – calcium carbonate 


diss. - dissolved 
Max – maximum  
mg/L – milligrams per liter 
Min – minimum 
NA – not available 
ND – non-detect 
Std. Dev. – standard deviation 


Bold indicates value is above or below the mean + std.dev. value. 







Table A2-3     Groundwater Hydrology – Water Levels1 in Monitoring Wells and Piezometers 
Baseline (1988-1990) 2008-2009 


Monitoring 
Well 


feet 
amsl MIN month MAX month


2008 
(Nov) 


2009 
(Jan)  


H88-10 710.8 Mar 727.1 Apr 714 707.8 
H88-11 1035.4 Nov 1075.9 Apr 1075 1073.1 
H88-12 1005.5 Feb 1009.7 May 1004.2 1006.2  
H88-13 985.4 Aug 997.6 May 995.6 994.5 
H88-14A 756.6 Nov 763.1 Apr 758.3 758.2 
H88-15 835.5 Feb 846.7 May 837.1 835.7 
H88-16 1044.2 Nov 1058.6 Jun 1051.3 1050.3 
H88-17 988.8 Feb 990.1 Feb 989.4 989.3 
H88-19 813.8 Jan 815.3 Jul 814.7 814.3 
H88-21 817.2 Mar 825.9 May 819.3 817.7 
H88-22 1064.7 Apr 1071.1 May 1067 1065.2 
H88-23 790 Mar 809.8 Jun 790.1 788.3 
H88-24A 791.8 Mar 803.8 Jun 791.8 790.8 
H88-25 765.1 Nov 803.1 Aug 799.9 799.5 
H88-27 1077.6 Mar 1092.8 May 1084.1 1079.1 
H88-28 1244.5 Nov 1257.3 Jun 1245.5 1245.8 
H89-29 698.7 Sep 710 Jun 714.3 708.4  
H89-30 171.3 Sep 724.8 Jan NA NA 


Piezometer 
feet 
amsl MIN month MAX month


2008 
(Jan) 


2008 
(Oct) 


2009 
(Jan) 


2009 
(Sep) 


PB-100-1 858.3 Nov 1020.5 Aug 1033.9 2 1033.7 2


PB-100-2 1040.5 Jun 1076.1 Apr 1067.8 
PB-101-2 737.5 Jan 751.2 Jul 755.6 757.9 
PB-101-3 702.9 Apr 723.5 May 714.8 714.1 
PB-102-1 1013.1 Nov 1044.1 Jul 1041 1046.4 
PB-102-2 985.4 Nov 1123.1 Jul 1020.5 1022.2 


PB-102-3 1016.4 Nov 1037.7 Jun 1044.9 1050.7 2


PB-103-1 936.9 Jul 980 Nov 
PB-103-2 952.8 Jul 971.7 May 
PB-103-3 958.6 Nov 982.4 Jul 
PB-104-1 968.8 Oct 1005.2 Jun 1011.3 1013.6 
PB-104-2 893.1 May 1014.2 Jun 1015.9 1018.3 
PB-104-3 1002.5 Mar 1047.3 Sep 1011.2 1013 
PB-105-1 833.2 Nov 849.2 Jul 838.6 841.8 840.9 
PB-105-2 810.6 Nov 837 Jun 831.8 837.6 825.3 
PB-105-3 821.8 Nov 840.1 Jun 835.2 841 
PB-12-1 990.9 Nov 1018.5 Jul 1031.3 2 1032.6 2







Table A2-3 (Cont.)   Groundwater Hydrology – Water Levels1 in Monitoring Wells and 
Piezometers 


Baseline (1988-1990) 2008-2009 


Piezometer 
feet 
amsl MIN month MAX month


2008 
(Jan) 


2008 
(Oct) 


2009 
(Jan) 


2009 
(Sep) 


PB-12-2 1007.3 Nov 1053.1 Jul 1049.6 1050.9 
PB-12-3 1009.2 Oct 1057.4 Jul 1047.7 1051.1 
PB-12-4 988.6 Aug 1080.3 Nov 1048.9 1052.6 
PB-13-1 819.9 Nov 1060.8 Jul 1059 1061.1 
PB-13-2 1045.1 Aug 1061.1 Jul 1057.7 1061.8 
PB-13-3 1030 Feb 1070.1 Jun 1064.7 1067.2 
PB-13-4 1052 Oct 1077.2 Aug 1060.7 1065.7 
PB-60-1 845.3 Jul 900 Dec 
PB-60-2 871.6 Dec 921.8 Sep 
PB-7-1 786.2 Feb 851.5 Jul 854.2 856.7 
PB-7-2 857.9 Dec 875.1 Aug 872.1 875.4 
PB-7-3 845.8 Dec 859.6 Aug 
PB-8-1 836.2 Dec 887.5 Jul 876.6 879.1 
PB-8-2 805.8 Sep 870 Jul 871.1 872.7 
PB-8-3 835.8 Feb 864.6 Jul 867.4 871.5 
PB-88-1 973.1 Mar 991.4 Jul 992.8 989.7


PB-92-1 984.8 Nov 994 Jul 1016 1015.1 3


PB-92-2 1058.8 Aug 1070.2 Jun 1072.1 1071.9 
PB-92-3 1061.5 Dec 1075.5 Jul 1076.9 1075.1 


Key: 
1 – Feet above mean sea level. 
2 – Value is within 2% of 1988-90 calculated Max. 
3 – Value is within 3% of 1988-90 calculated Max. 
% – percent 
amsl – above mean sea level 
Max – maximum  
Min – minimum 
Bold indicates water levels above or below 1988-1990 maximum or minimum. 
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 IX-1 WBH 2014 Update 


1.0  INTRODUCTION 
 
During the summer and early fall of 1988, Dames & Moore conducted an aquatic baseline survey 
of Moose and Buffalo creeks.  The purpose of this survey was to develop a data baseline, which 
could be used for evaluating potential impacts from the construction and operation of the 
Wishbone Hill Coal Development Project.  Baseline data, that were identified as necessary by 
the ADF&G, were collected concerning fish habitat, water quality, juvenile fish distribution and 
abundance, spawner escapement, and benthic invertebrates.  This report describes the results of 
these surveys and includes supplemental information from the ADF&G. 


 
 
In late September and early October, 2008, WHPacific conducted another aquatic biological 
resources study on Moose and Buffalo creeks.  This study attempted to replicate the surveys 
and protocols that were implemented in 1988 and were conducted to provide comparative long 
term monitoring data. The report that was completed for this study is contained in Addendum 1. 


 
 
A technical report was completed by WHPacific in November 2009 that provided 
environmental background of the Wishbone Hill Resource Area and the specific Moose Creek 
and Buffalo Mine Creek study area. A copy of the WHPacific report dated November 23, 2009 
is contained in Addendum 2. 


 
 
A discharge measurement and fish sampling study was completed for Buffalo Creek by 
WHPacific in July 2012. WHPacific concluded in their study that in general spawning habitat 
for large salmonids is limited in Buffalo Creek. Sediment particle size in much of the lower 
stream segments (between the bluff and Moose Creek) is small with sand and silt dominating. 
Upstream of the bluff the particle size significantly increases, but water flows are 
diminished, suitable depth for spawning is absent, and several large natural barriers are found 
impeding potential upstream movement by fish. Potential rearing habitat for juvenile salmon 
occurs only below the relict beaver dam on lower Buffalo Creek.  A copy of the WHPacific 
Technical Memorandum of the study dated August 16, 2012 is contained in Addendum 3. 


 
A synopsis of the fisheries resource changes since the 2008 stream restorations work on Moose 
Creek was provided by ADF&G on February 7, 2013.  The ADF&G synopsis was received in 
an email on February 7, 2013 from Samuel Ivey, Area Management Biologist, Northern & 
West Cook Inlet, ADF&G Sport Fish Division.  The synopsis is contained in Addendum 4. 
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2.0  METHODS 
 
2.1  Survey Design 
 
This survey was designed to obtain baseline data of the aquatic environment and to establish a 
network of sample stations, which could be used to monitor aquatic conditions over the life of the 
coal development project.  In order to accomplish this goal, a reconnaissance survey was conducted 
during June 22 to 24 and a systematic survey was conducted during September 19 to 23, 1988.  
Information gathered during the reconnaissance survey was used to determine sample locations and 
to plan the sample methods used for the systematic survey.  Data gathered during the 
reconnaissance survey were also used to describe the general habitat characteristics and fish species 
distribution within Moose and Buffalo Creeks. 
 
Five sample stations were selected for the systematic survey and future aquatic monitoring program 
(Figure 1 and Plate IX-1).  One station was located downstream of the project area at river mile 
(RM) 0.8 in order to provide a site for detecting the downstream extent of potential impacts from 
the project.  This site was also chosen because it is the only station, among the five stations, that is 
accessible to anadromous salmonids.  Station two is representative of aquatic conditions in the 
lower end of the project area (i.e., RM 3.9) and is influenced by activities in upper Moose Creek 
and Buffalo Creek.  Station three is representative of the upper portion of the project area (i.e.,RM 
4.9) but exclusive of any potential impacts in Buffalo Creek.  Station four is located upstream of the 
project area (i.e., RM 6.8) in order to provide a record of environmental conditions that cannot be 
influenced by any potential impacts from the project.  Station five is located near the mouth of 
Buffalo Creek in order to provide a measure of aquatic conditions in the only stream which will be 
temporarily altered by the proposed project. 
 
2.2  Fish Habitat 
 
Fish habitat was characterized by measurements of stream width, depth, gradient, substrate 
composition, substrate embeddeness, and photographs.  These data were collected at each of the 
five stations during the September field survey.  Gradient, spawning habitat and substrate 
composition data were also collected along 19 segments of Moose Creek (Figure 1 and Plate IX-1) 
during the June reconnaissance survey. 
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2.2.1  Width, Depth, and Gradient 
 
Stream width and depth were measured along transects located at 30-foot intervals within a 240 to 
300-foot long stream reach at each sample station.  Width measurements were taken at the water's 
edge and depth was measured at 3- to 5-foot intervals, depending on stream width in each transect.  
Mean width, mean depth, and surface area of the sample reach were computed from these data.  
Stream discharge was also computed from measurements of depth and velocity along one transect 
at each station.  Stream gradient was measured with a hand-held clinometer.  
 
2.2.2  Substrate Size Composition 
 
Substrate size composition was visually determined for each 3- to 5-foot interval along each 
transect.  Size composition was partitioned according to the following size categories: 
 


Size (Inches) Description Code 
< ¼ Silt and Sand 1 
¼ - 3 Gravel 2 
3 – 6 Small Cobble 3 
6 – 12 Large Cobble 4 


12 Boulder 5 
--- Log, Roots, & Stems 6 


 
 Estimates of substrate size composition were coded according to the percentage composition of the 
two most dominant size fractions.  For example, an area composed of 70 percent gravel and 30 
percent small cobbles is coded as 23.7.  The first number is the code for the most dominant size 
fraction, the second number is the code for the second most dominant size fraction, and the decimal 
indicates the percentage composition of the most dominant size fraction. 
 
Substrate size composition results are plotted in a bar graph according to the relative occurrence of 
each size category within a sample reach.  The percentage composition of each size category were 
summed for all observations and each sum was normalized to a scale of 0 to 1. 
 
2.2.3  Substrate Embeddedness 
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Embeddedness is a measure of how much of the surface area of the larger size particles is covered 
by fine sediment (i.e., particles <1/8 inch).  It was determined from visual estimates taken at each 3- 
to 5-foot interval along each transect.  Estimates were assigned to one category of five potential 
embeddedness rating categories.  The categories are an index of the percentage of the substrate 
covered by sediment:  <5 percent, 5 to 25 percent, 25 to 50 percent, 50 to 75 percent, and >75 
percent (Armour et al. 1983).  The results are expressed as the frequency of observations within 
each embeddedness category. 
 
2.3  Fish Inventory 
 
2.3.1  Fish Distribution and Relative Abundance 
 
Fish distribution and relative abundance were determined from reconnaissance surveys conducted 
during June and September, and from a population inventory conducted during September.  A 
backpack electroshocker was used to sample fish habitat during all surveys. During the June 
reconnaissance survey, a field crew walked Moose Creek from the Glenn Highway bridge to the 
Premier Creek bridge (RM 3.8) and walked Buffalo Creek from the mouth to Wishbone Lake.  
During the September survey, the field crew conducted a second survey of Buffalo Creek from the 
mouth to the base of the bluffs.  Stream pools, side channels, and backwaters were sampled to 
determine species occurrence and distribution.  Fish captured during these surveys were counted, 
identified, and released alive. 
 
The population inventory was conducted in the 240- to 300-foot long reaches at the five sample 
stations.  Two or three passes through a reach were made with the electroshocker in orderto remove 
as many salmonids as possible.  Non-salmonids (e.g., sculpins) were not included in the population 
inventory.  All captured fish were held alive in 5-gallon buckets.  Fish were returned to the stream 
after being anesthetized, identified, and fork length measured. 
 
Fish population estimates were determined by either the removal method (Armour et al.1983) or by 
summing the catches from each pass with the electroshocker.  The latter method was only used 
when the catch data failed to meet the declining catch assumption of the removal method.  
Population estimates and 95 percent confidence intervals were calculated for each species and 
species size/age group.  Species size/age groups were determined from length frequency analysis.  
Fish densities (number/square yard) were determined from the population data and stream surface 
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area. 
 
2.3.2  Spawner Surveys 
 
Adult spawner surveys were conducted for chinook salmon by ADF&G and for coho salmon by 
Dames & Moore.  The ADF&G has conducted annual spawner surveys for chinook salmon in 
Moose Creek since 1970.  These surveys are conducted on foot from the stream mouth to the 
Premier Creek bridge (Figure 1).  ADF&G normally does not conduct coho surveys.  Therefore, 
Dames & Moore conducted two surveys (i.e., 9/26 and 10/10/88) of Moose Creek from the Glenn 
Highway bridge to the Premier Creek Bridge.   
 
2.4  Benthic Invertebrates 
 
Benthic invertebrate sampling was conducted with a Hess-type sampler fitted with a 504-micron net 
and plankton cup.  Three replicate samples were collected from gravel and cobble substrate areas at 
each of the sample stations.  Samples were collected by embedding the sampler 5 cm into the 
substrate.  All large rocks within the sample area (i.e., 1,000 square cm) were individually cleaned 
with a scrub brush and were removed from the sample area.  Then, the substrate inside the sampler 
was disturbed to a depth of approximately 10 centimeters using a large screw driver.  The sampler 
was removed from the water and all material was washed from the net into a one-pint jar and 
preserved with 75 percent denatured ethanol (ETOH).   
 
Benthic invertebrate samples were analyzed at the Dames & Moore laboratory in Seattle.  Samples 
were washed into a white enamel tray to dislodge organisms from the substrate and debris.  The 
decant water and floating organic material was poured through a 500-micron sieve to concentrate 
the sample.  The residue in the enamel tray was inspected under an illuminated magnifier and any 
remaining organisms (e.g., Tricoptera) were removed.  Samples were sorted into taxonomic orders 
under a dissecting microscope.  Counts and wet weights were recorded for each taxonomic group.  
After processing, the organisms were placed into a labeled vial with 70 percent ETOH and were 
returned to McKinley Mining Consultants for storage.  Subsamples of 1/8 to 1/2 were taken from 
some samples that were too large for processing in an efficient manner.  Counts and weights of 
these samples were adjusted to a whole sample by the appropriate multiplication factor. 
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2.5  Water Quality 
 
Water quality was determined at the five sample stations during June and September.  Parameters 
measured in-situ were:  dissolved oxygen with a YSI Model 518 D.O. meter; conductivity and 
temperature with a YSI Model 33 S-C-T meter; and pH with an Orion Research Model SA 230 pH 
meter.  A 2-liter water sample was also collected for the analysis of total suspended solids.  These 
samples were analyzed by Northern Testing Laboratory in Anchorage.  
 
3.0  RESULTS AND DISCUSSION 
 
3.1  Reconnaissance Survey 
 
3.1.1  Moose Creek 
 
On June 23, a reconnaissance survey of Moose Creek was conducted from the Glenn Highway 
Bridge upstream to the bridge near Premier Creek.  The measured streamflow was 261 cfs and the 
stream level was just below bankfull.  Many side channels and backwater areas were connected to 
the main channel.  The survey was conducted only along the western edge of the channel because 
the high flow prevented the survey crew from crossing the stream.  Water clarity was good as the 
stream bottom was visible in all but the deepest pools. 
 
Habitat in Moose Creek is characteristically composed of long cascading reaches separated by 
relatively short glide type pools.  Stream gradient averages 3 percent and ranged 2 to 4 percent 
(Table 1).  Stream substrate was composed predominantly of large cobble (6 to 12 inches) with 
small cobble (3 to 6 inches), and boulders (>12 inches) being subdominant.  Salmon spawning 
habitat (i.e., 0.5 to 5 inch gravel) was not abundant and generally occurred in small patches at the 
tailout of pools.  Most of the spawning habitat occurred in stream segments 8 to 13 (Table 1).  
Rearing habitat was predominantly composed of small pocket water areas created by the abundance 
of large cobble and boulders along the stream margin.  Habitat associated with large woody debris 
was rare.  The stream banks were mostly non-erosive and were composed of rocks or bedrocks.  
Several exposed cutbanks were observed and one large landslide was noted along segment 11.  This 
landslide is a large source of sediment and spawning gravel for the stream.  The riparian 
environment was mostly composed of alder, willow, cottonwood, and aspen.  A 10-foot waterfalls 
(measured from water surface to water surface) was identified at R.M. 3.2.  This waterfalls had no 
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obstruction at the top and dropped vertically into a pool, which was 3 to 5 feet deep.   
 
Juvenile and adult salmon were observed during the survey.  Juvenile coho (35 to 42 mm) occurred 
along the stream margins, in backwaters, and side-channels.  One side-channel in stream segment 
12 had a school of at least 1,000 juvenile coho.  These fish were probably stranded during the 
summer because the upper end of the side-channel was disconnected and the lower end was 
becoming dewatered.  No juvenile coho were found above the waterfalls and no juvenile chinook 
were observed.  The absence of juvenile chinook suggests that chinook probably do not rear in 
Moose Creek and most likely migrate out as fry during early spring.  Low numbers of chinook 
spawners were observed in areas downstream of the waterfalls with the majority occurring between 
segments 8 and 13 (Table 1). 
 
Dolly Varden char, ranging from 59 to 124 mm long, were the only salmonid species observed 
above the waterfalls on Moose Creek.  Locations upstream of the waterfalls checked for fish during 
the June reconnaissance survey included:  segments 17 to 19, a side-channel just upstream of 
Premier Creek, and another one located at RM 5.2. 
 
3.1.2  Buffalo Creek 
 
Buffalo Creek was surveyed on June 22 from the mouth upstream to the outlet of Wishbone Lake 
(Figure 1).  The stream is small, approximately 2 to 3 feet wide, and the discharge was about 2 cfs.  
The stream runs through a thickly wooded area and the channel disappears under the brush in some 
locations.  The substrate is mostly composed of silt, sand, and small gravel except in a steep reach 
near the Moose Creek valley bluffs, where it runs over cobble and rock.  Two inactive beaver ponds 
occur .1 and .25 miles upstream from the mouth.  The outlet from the lower pond goes around the 
beaver dam and passes through very heavy brush and only a portion of the flow seems to return to 
the main channel downstream.  The outlet of the upper beaver pond passes through a notch in the 
dam creating a 5-foot waterfall.  Access by adult salmon above the beaver dams is highly unlikely 
as a result of the large number of obstacles and small size of the stream. 
 
Salmonids were present but not very abundant in Buffalo Creek.  Several small rainbow trout (i.e., 
30 to 50 mm) were caught in the reach below the bluff and one larger rainbow (i.e., >150 mm) was 
caught about .75 miles downstream of Wishbone Lake.  A second survey conducted during 
September between the stream mouth and the bluffs indicated that Dolly Varden were also present 
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in the reach below the beaver ponds (see Section 3.4).  No juvenile or adult salmon were observed 
during the surveys of Buffalo Creek.  The occurrence of rainbow trout is assumed to be a result of 
the ADF&G fish planting of Wishbone Lake.  Over time, mature rainbow spawners have most 
likely moved down into Buffalo Creek and have seeded the stream.  The low abundance of these 
fish, however, suggests the habitat for salmonids is very limited, probably as a result of low stream 
flow and winter freeze up. 
 
3.2  Systematic Survey 
 
The systematic survey was conducted during September 19 to 23, 1988.  Data collected from the 
five sample stations included habitat characteristics, discharge, water quality, fish abundance, and 
benthic invertebrate density.  Weather during this 5-day survey was clear on the first and last day, 
with heavy rain on the second to fourth days.  The rain hindered field work on one day as a result of 
high stream flow and turbid water. 
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3.2.1  Fish Habitat 
 
Habitat characteristics of the four stations in Moose Creek (i.e., 1-4) were typical of a swift, 
cascading stream (Table 2).  Average depths ranged from 0.7 to 1.1 feet and average velocity was 
≥2.0 ft/s.  Only small pools occur as the majority of the habitat was less than 1.5 feet deep at all 
stations except Station 3 (Figure 2).  The substrate was predominantly composed of large rocks 
ranging from small cobble to boulders (Figure 3).  Gravel-size material occurred in small patches at 
the tailout of pools.  Sand and silt was rare and only occurred along the stream margin.  The 
streambed and banks at all stations were relatively stable as a result of the cobble-boulder substrate. 
 Substrate embeddedness was typically less than 5 percent at all stations (Figure 4) and typically 
occurs along the stream margins and in eddies behind large boulders.  The availability of interstitial 
spaces among the cobble substrate and the low substrate embeddedness creates excellent cover and 
refuge habitat for salmonids.   
 
Buffalo Creek (i.e., Station 5) was typical of a small creek with shallow water and low velocity 
habitat.  The substrate was very different from Moose Creek and was dominated by sand and 
gravel.  A portion of the bottom of Buffalo Creek also had extensive roots and stems from willows 
growing in the channel.  Root wads from these trees created a braided stream with many small 
channels and islands.  Substrate embeddedness was relatively high as a result of the predominance 
of sandy substrate.  Refuge habitat in Buffalo Creek is provided by the abundant root masses and 
overhanging vegetation that occurs in and along the stream. 
 
3.2.2  Water Quality 
 
The water quality conditions of Moose and Buffalo Creeks reflect the near natural conditions of the 
basin (Table 3).  Water temperature ranged from 5.3 to 8.2°C during the two surveys, which is 
typical for a stream draining snow fields at this latitude.  The pH was near neutral or slightly above, 
which suggests that acid inputs are minor or non-existent.  Dissolved oxygen concentrations were 
relatively high and were within the range suitable for salmonids.  Conductivity was relatively low, 
but varied over time.  High conductivities were associated with the storm flow in September.  Total 
suspended solids were also low and varied as a result of stream flow.  These low levels, however, 
are not indicative of the background levels during peak freshet conditions.  High turbidity was 
observed by the field crew during a freshet in September indicating that suspended sediment levels 
are much higher than the data indicate.  High turbidities were noticed coming from the east fork of 
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Moose Creek upstream of the project area.  
 
3.2.3  Fish Distribution and Relative Abundance 
 
The population inventory conducted during September confirmed the results of the reconnaissance 
survey concerning species distribution.  Juvenile coho only occurred at Station 1 below the 
waterfalls, Dolly Varden occur at all stations in Moose and Buffalo creeks, and rainbow trout occur 
in only Buffalo Creek.  Juvenile chinook were not found at any station.  These results suggest that 
chinook and coho salmon are currently not utilizing stream habitat above the waterfalls.  No other 
data is available concerning juvenile fish distribution in Moose Creek.  Therefore, it is unknown 
whether or not the habitat above the waterfalls has historically been utilized by juvenile salmon.   
 
The size/age groups of juvenile salmonids were determined from the length frequency analyses 
shown in Figures 5 to 7.  The juvenile coho caught at Station 1 were designated age 0 because they 
ranged in length from 49 to 83 mm (Figure 5).  The size of age 1+ coho from the Little Susitna 
River range from 95 to 108 mm (Larry Engle, ADF&G, personal communication).  We assume 
growth rates would be similar between the two streams; therefore, the juvenile coho caught in 
Moose Creek were most likely young-of-the-year. 
 
The absence of 1+ coho from the September survey and from the June reconnaissance survey 
suggests these fish are not rearing in Moose Creek.  Since juvenile coho in Alaska generally spend 
two years in freshwater prior to smolting, the older coho must be moving out of Moose Creek to 
seek more suitable rearing habitat.  This outmigration from Moose Creek would most likely occur 
during the fall in order to avoid harsh winter conditions.  Research on coho in the Pacific Northwest 
and southeast Alaska has found that juvenile coho will vacate their summer habitat during declining 
temperatures in fall and will seek winter refuge in beaver ponds and sloughs downstream (Peterson 
1982, Tschaplinski and Hartman 1983, Swales et al. 1986).  Research on the Susitna River also 
found that juvenile coho overwinter in large sloughs adjacent to the river (Stratton 1986).   
 
The Dolly Varden char were separated into three size/age groups (Figure 6).  Fish less than 70 mm 
were designated age 0, fish >70 to 160 mm were designated 1+, and fish >160 mm were designated 
adults.  The actual ages of the 1+ and adult groups are unknown.  The presence of all size groups of 
Dolly Varden indicates the population is self-sustaining and that reproduction is at least maintained 
by resident adults. 
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The rainbow trout were separated into two age groups.  Fish <50 mm were designated as age 0 and 
fish >50 mm were designated age 1+ (Figure 7).  The absence of adult rainbow trout in lower 
Buffalo Creek (i.e., Station 5) and the absence of trout in Moose Creek suggests recruitment to the 
population must be derived from upper Buffalo Creek and perhaps from Wishbone Lake.  
 
The results of the population inventory are shown in Table 4.  Juvenile coho at Station 1 were the 
most abundant salmonid and had the highest density among the five stations.  Dolly Varden were 
the most abundant at Stations 2, 3, and 4.  Dolly Varden were least abundant at Stations 1 and 5 in 
association with coho and rainbow trout, respectively.  Age 0 Dolly Varden were found in low 
velocity areas along the stream margin, which is similar to habitat utilized by juvenile coho.  
Downstream of the waterfalls, juvenile coho would have an advantage over juvenile Dolly Varden 
because coho emerge earlier in spring.  This enables coho to outcompete Dolly Varden because of 
their greater size.  The low abundance of Dolly Varden in Buffalo Creek is probably a reflection of 
the habitat not being suitable for this species.   
 
Densities of salmonids in Moose and Buffalo Creeks are very low compared to other streams in 
Alaska.  For example, the density of coho in the Chuitna River drainage ranged from 0.1 to 3.3 
fish/square meter (ERT 1985) and densities in small streams of Southeast Alaska range 0.32 to 1.82 
fish/square meter Bryant 1984).  The density of coho in Moose Creek (i.e., 0.06/square yd) is an 
order of magnitude lower than any density reported in the literature.  The densities of all age groups 
of Dolly Varden combined are also lower than other streams.  Dolly Varden densities ranged 0.03 
to 0.93/square m (ERT 195) and densities in Southeast Alaska streams ranged 0.07 to 0.36 
fish/square m (Bryant 1984).  These results suggest the productivity of Moose and Buffalo Creeks 
for coho salmon and Dolly Varden char is relatively poor compared to other streams in Alaska.   
 
3.3  Spawner Survey 
 
Spawner surveys were conducted on Moose Creek for chinook salmon by ADF&G on July 27th 
and two surveys for coho spawners were conducted by Dames & Moore on September 26 and 
October 10, 1988.  The number of chinook spawners counted in 1988 was the highest number ever 
recorded for Moose Creek (Table 5).  No adult chinook were observed above the waterfalls and of 
the 1,072 counted, 356 were observed in the stream reach downstream of the Glenn Highway 
Bridge (Larry Engle, ADF&G, personal communication).  Counts of adult coho in 1988 were lower 
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than in 1987, but are similar to counts in previous years (Table 5).  Most of the coho spawners in 
1988 were observed in stream segments 8 to 16 and no coho were observed above the waterfalls 
(Table 6).  The large number of coho carcasses counted during the 1988 surveys indicates the coho 
escapement was probably more than 100 fish.  Chum salmon were not observed during any of the 
spawner surveys.  The one record of chum salmon in Moose Creek (Table 5) is from an observation 
by ADF&G of chum salmon holding at the mouth of the creek.  Chum salmon are not known to 
spawn in Moose creek but have been seen holding in the stream's mouth during their migration up 
the Matanuska River (Larry Engle, ADF&G, personal communication).  
 
The results from this survey and information from ADF&G indicates the waterfall at R.M. 3.2 is a 
barrier to adult spawners during most years.  ADF&G personnel have rarely seen spawners above 
the falls during the past 18 years of conducting spawner surveys on Moose Creek (Larry Engle, 
ADF&G, personal communication).  Since no salmon were observed above the falls during the past 
two years of large escapements, it is assumed that flow conditions at the falls are more important 
for passage than the number of fish available.   
 
3.4  Benthic Macroinvertebrates 
 
The density and biomass of benthic macroinvertebrates was highly variable among the sample 
stations (Table 7).  Stations 1 and 4 had the highest and lowest total densities, respectively. 
However, the large standard deviations (i.e., relative to the mean) associated with the densities 
indicates no detectable difference exists among the stations.  These large standard deviations, 
especially at the Moose Creek stations (i.e., 1 to 4), are reflective of the heterogeneous nature of the 
macroinvertebrate density and biomass.  The cobble and boulder substrate in Moose Creek creates a 
variable environment (i.e., depth, velocity, substrate size) resulting in a patchy distribution of the 
macroinvertebrate community.  The standard deviations for density and biomass at the Buffalo 
Creek Station (i.e., Station 5) are relatively small because the samples were collected from a riffle 
with uniform depth, velocity, and gravel substrate.   
 
Macroinvertebrate taxonomic composition was variable among the stations.  In terms of density, 
Plecoptera and Diptera were most abundant at Stations 1 and 5; Plecoptera and Ephemeroptera 
were most abundant at Stations 2 and 4; and Tricoptera and Diptera were most abundant at Station 
3 (Table 7).  Ephemeroptera had the greatest biomass at all stations in Moose Creek and Tricoptera 
the greatest biomass in Buffalo Creek.   
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The Ephemeroptera at all stations were mostly composed of Heptageniidae, which has a flattened 
shape and is well adapted for high velocity environments like Moose Creek.  The Plecoptera were 
composed of a variety of taxa with Chloroperlidae being the most obvious.  The Tricoptera were 
dominated by Glossosomatidae, which were often found attached to the cobble and boulders.  The 
Diptera were exclusively composed of Chironomidae.  
 
4.0  HUMAN USES OF MOOSE AND BUFFALO CREEK 
 
Information concerning fishing on Moose and Buffalo Creeks is not documented.  Formal creel 
surveys have never been conducted (Larry Engle, ADF&G, personal communication) and neither 
stream is listed in the Annual Alaska Sport Fish Report.  Fishing for chinook salmon is prohibited 
in Moose Creek and the numbers of the other salmon species are too low to provide significant 
fishing opportunity.  ADF&G biologists have observed people fishing for salmon (i.e., coho, 
sockeye, and chum) at the confluence of Moose Creek and the Matanuska River.  Most of this 
fishing occurs because salmon tend to congregate in the clear water plume created by Moose Creek. 
 Fishing in Moose Creek is primarily limited to catches of Dolly Varden Char.  Most of this fishing 
occurs downstream of the waterfall and is concentrated around the small campground near the 
Glenn Highway Bridge (Larry Engle, ADF&G, personal communication).  No fishing has been 
observed in Buffalo Creek; however, a popular rainbow trout fishery exists on Wishbone Lake.  
The lake is stocked annually with fingerling rainbow trout and, beginning in 1989, Wishbone Lake 
will be regulated as a catch-and-release, fly fishing only area.  The intent is to establish a high 
quality trophy fish area for use by a particular segment of the angling community. 
 
In recent years Moose Creek has supported a small, but significant, population of chinook salmon 
which can be expected to contribute to commercial salmon fisheries in upper Cook Inlet.  
Proportionally, the Moose Creek run represents a small fraction of the total chinooks in upper Cook 
Inlet.  The Susitna River drainage alone has an annual escapement of 120,000-200,000 chinooks 
(Larry Engle, ADF&G, personal communication).  Therefore, Moose Creek with escapements of 
less than 1000 fish contributes less than 1 percent of the total chinooks available to the fishery. 
 
5.0  THREATENED AND ENDANGERED SPECIES 
 
No threatened or endangered fish species were captured or observed during the baseline survey of 
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Moose and Buffalo Creeks.  The ADF&G is not aware of any threatened and endangered fish in 
either stream (Larry Engle, ADF&G, personal communication).   
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ADDENDUM 1 
 


AQUATIC BIOLOGICAL RESOURCES 
 REPORT FOR MOOSE AND BUFFALO CREEKS 



















































































































































































































 
 
 
 


ADDENDUM 2 
 


Environmental background of the Wishbone Hill Resource Area and the specific Moose Creek 
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1.0 Introduction 
This report presents the results of recent fisheries sampling conducted in the Moose 
Creek watershed in the Matanuska basin, Alaska. Sampling efforts were conducted to 
supplement previous sampling efforts made by WHPacific in the fall of 2008. 


 
The following provides environmental background of the Wishbone Hill Resource Area 
and the specific Moose Creek and Buffalo Mine Creek study area. 


 
1.1 Study area 
The study area is located in the Matanuska basin near the town of Palmer, AK. The study 
area includes segments of Moose Creek and Buffalo Creek. 


 
Moose Creek is a tributary to the Matanuska River and enters the river approximately 6 
miles northeast of Palmer. Moose Creek is crossed by the Glenn Highway (Highway 1) 
approximately 0.8 miles upstream from its confluence with the river. Buffalo Mine Road 
runs parallel to Moose Creek for approximately 6.7 miles before it splits into private 
roadways. The study area on Moose Creek includes the reach between the Glenn 
Highway Crossing and the upper extent of Buffalo Mine Road. 


 
Buffalo Creek is a tributary to Moose Creek and enters on the left bank of the stream 
(facing downstream). Buffalo Creek is approximately 2 miles long and originates at the 
outlet of Wishbone Lake, located 10 air miles northeast of Palmer. The study area of 
Buffalo Mine Creek includes the entirety of Buffalo Creek. 


 
1.1.1 General Environmental Conditions 
Moose Creek 
Moose Creek is a large stream that originates in the Talkeetna Mountains. Moose Creek 
has a total drainage area of approximately 47.3 square miles and receives several 
tributaries, including Premier Creek, Buffalo Mine Creek, and several unnamed creeks 
and two forks of Moose Creek at the upper end of the study area. Gauging data is 
recorded by the US Geological Survey (USGS) near the Glenn Highway Bridge. 
Most of study area reach of Moose Creek is characterized by cascades and high velocity 
riffles. Pools and slow water habitats are limited to streambank margins, plunge pools, 
pocket pools behind large boulders, and side channels. Side channels are found 
throughout the stream study reach and are typically low in gradient, but not abundant. 
Approximately 3 miles of Moose Creek flow through Tsadaka Canyon. This canyon is a 
narrow U-shaped canyon that confines the stream. Upstream of the canyon the creek 
occupies a relatively narrow valley with an old railroad bed following the majority of the 
study area reach. The width of Moose Creek within the study area ranges from 25-50 
feet with the depth averaging about 2 feet. Substrate is composed of primarily cobbles 
and boulders, with gravel and sand in margins and side channels. 
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Buffalo Creek 
Buffalo Creek is a small stream and tributary of Moose Creek. Buffalo Creek ranges 
from 1- 6 feet wide and averages 0.5 feet deep. Buffalo Creek originates at the western 
end of Wishbone Lake on a plateau at about 1,500 feet elevation. This creek flows in a 
westerly direction before it enters Moose Creek. Buffalo Creek flows through a series of 
conglomerate bluffs approximately 1,000 feet downstream of Wishbone Lake and 
descends steeply to a relatively flat bench above Moose Creek. Flatter segments of the 
stream are highly sinuous with substrate dominated by sand, silt, gravel, and cobble. 
Stream segments that intersect the conglomerate bluffs form substantial alcove undercuts 
within the rock and several waterfalls and chutes over 10’ in height are interspersed 
within these reaches. 


 
1.1.2 Riparian Habitat 
Moose Creek 
Riparian habitat along the majority of Moose Creek is dominated by an overstory of 
black cottonwood (Populus trichocarpa), paper birch (Betula neoalaskana), quaking 
aspen (Populus tremuloides), and spruce (Picea sp.). The understory is composed of 
devils club (Oplopanax horridus), currant (Ribes sp.), alder (Alnus sp.), prickly rose 
(Rosa acicularis), and willows (Salix sp.). Most segments of streambank are heavily 
vegetated and stable. However, several large slumps and slides exist including a large 
slide near a powerline crossing, a large bank failure in the upper reaches of the study area 
at the base of Buffalo Mine Road, and smaller natural slides associated with geologic 
features, including a number near the confluences of Premier, and Buffalo Mine Creek. 


 
1.1.3 Topography and Geology 
The study area is located at the southern foot of the Talkeetna Mountains. Moose Creek 
arises in a valley between Arkose Peak and Eska Mountain. Just south (downstream) of 
the confluence with Buffalo Mine Creek, Moose Creek enters into Tsadaka Canyon. 


 
1.1.4 Climate 
The study area experiences weather similar to communities in the Cook Inlet area. Data 
from the National Climate Data Center for years 1971 - 2000 puts the average annual 
temperature at 36 degrees with 62.9 inches of snowfall and 15.8 inches of accumulated 
precipitation (water equivalent) annually. 


 
 
 
 


2.0 Previous Survey Results - Fisheries 
The following summarizes the results of fisheries sampling and surveys completed by 
WHPacific in the fall of 2008. 


 
Previous Methods and Analysis 
As part of long-term environmental monitoring, WHPacific completed an analysis of 
aquatic habitat, fisheries, and macroinvertebrates in 2008. WHPacific completed salmon 
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spawning counts, systematic fisheries sampling at 5 stations, macroinvertebrate sampling 
at 5 stations, and reconnaissance fish sampling throughout the study area. The 5 stations 
sampled are intended as long-term monitoring sites and are located throughout the 
watershed to capture potential changes at significant confluences and points of potential 
accumulated effects. The 5 stations occur at the following locations: 


 
Station 1 - Moose Creek, immediately upstream of Glenn Highway crossing 


Station 2 – Moose Creek, immediately upstream of Premier Creek confluence. 


Station 3 – Moose Creek, at river mile (RM) 4.9 


Station 4 – Moose Creek, at RM 6.8, upstream of bridge at fork. 
 


Station 5 – Buffalo Mine Creek, immediately upstream of confluence with Moose 
Creek 


 
All sample stations were 240 to 300 feet in length, with widths and general habitat 
varying. 


 
Fisheries sampling methods included the use of a backpack electrofisher and dipnets to 
collect fisheries population data at all stations. Multiple pass/removal was used to 
estimate fish populations. General and exploratory fisheries sampling in Moose and 
Buffalo Creek was also conducted with a backpack electrofisher and dip nets. During 
this sampling, collected fish were measured and released and a population estimate was 
not produced. General presence and absence of the exploratory sampling was the 
primary objective. 


 
Spawning surveys were conducted from the Glenn Highway crossing (RM 0.8) to the 
most upstream bridge crossing over Moose Creek. Spawning counts on coho salmon 
(Oncorhynchus kisutch) as the effort was completed during the timing of this run. 


 
 
 


WHPacific Fish Community Results 
 


Reconnaisance Survey 
 


Limited spot sampling was conducted on October 8, 2008 in Buffalo Creek using a beach 
seine and baited minnow traps. Baited minnow traps were deployed approximately 500 
feet upstream from the Moose Creek confluence and kick-seining was used in habitat 
within the first 1,000 feet downstream of Wishbone Lake. While juvenile salmonids 
estimated at less than 20mm were observed in the lower reach, no fish were collected in 
the minnow traps. Kick seining and seine hauls in the upper reach of Buffalo Mine Creek 
did not yield fish and no fish were observed during the Rosgen survey effort or fish 
sampling. 
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Spawning Survey 
 


Spawning surveys were conducted on Moose Creek on September 21 and September 22, 
2008. The spawning survey on September 22 was continued from the point where the 
survey ended on September 21. Surveys identified 100 live coho, 30 unidentified salmon 
carcasses, and 3 positively identified coho carcasses. Live coho salmon were observed 
throughout the sample reach with fish being identified immediately upstream of the 
Glenn Highway crossing and several hundred feet downstream of the upstream end of the 
study area. Fifty (50) of the live coho identified during the survey were observed 
between the Glenn Highway Bridge and the former location of the Premier Creek Bridge. 
Concentrations of spawning salmon were highest between the Glenn Highway Bridge 
and the site of the former large waterfall (approximate RM 3.2) and between the Buffalo 
Creek confluence and last fork or tributary of Moose Creek downstream of the railroad 
bridge. Live salmon were most often identified in the tails of pools, lower velocity riffles 
and runs, and side channels where they were abundant. A single side channel contained 
over 20 spawning salmon and averaged only 4 feet in width. 


 
 
 


Station Sampling 
 


Station 1 
Station 1 was sampled on September 23, 2008. Spawning coho salmon were identified 
immediately downstream of the station start point. Station 1 is dominated by high 
velocity riffle habitat with few eddies and pools to provide resting and foraging habitat 
for small salmonids.  A total of 52 juvenile coho salmon and 3 slimy sculpins (Cottus 
cognatus) were collected during sampling. 


 
Station 2 
Station 2 was sampled on September 24, 2008. The station extends from the mouth of 
Premier Creek, upstream 270 feet. The average wetted width of the sample reach was 30 
feet at the time of sampling. The study reach was dominated by cobble and boulder 
substrate with high velocity riffles as the dominant habitat type. Several pocket pools, 
undercut banks, and wood debris provided limited refuge habitat. Depletion sampling 
yielded six (6) coho, five (5) Dolly Varden (Salvelinus malma), one rainbow trout 
(Oncorhynchus mykiss), and one slimy sculpin. 


 
Station 3 
Station 3 was sampled on September 23, 2008. The station is found at the base of a large 
river right bank failure at approximate RM 4.9. The station extends upstream from this 
bank failure 300 feet. The channel in the sample reach is wide with an average width of 
50 feet. Habitat is characterized by riffles, with a short (~50’) moderate velocity side 
channel on the right bank, and extensive shallow and low velocity margins along the left 
bank in the upper half of the sample reach. Several pocket pools occur along the left 
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bank associated with large substrate and woody debris, as well as main channel pocket 
pools behind large boulders 


 
Two-pass sampling in the study area yielded eighteen (18) coho, eight (8) Dolly Varden, 
and five (5) slimy sculpins. 


 
Station 4 
Station 4 was sampled on September 22, 2008. This station begins at the upstream side 
of the old railroad bridge at approximate RM 6.8. Upstream from the bridge the sample 
reach follows the right side fork (looking upstream) of Moose Creek and extends 270 feet 
upstream. The sample reach also includes a 420 foot length of river right side channel 
that enters near the confluence of the two forks (the downstream end of an island). 


 
Two-pass sampling yielded eleven (11) Dolly Varden, with sizes ranging from 50- 
153mm. 


 
Station 5 
Station 5 was sampled on September 24. This station is located on Buffalo Creek and 
begins approximately twenty feet upstream of the confluence with Moose Creek and 
extends upstream 240 feet from this point. The average width of this stream reach is 
approximately four and a half feet. Habitat consists of shallow runs, pools, and low 
velocity riffles.  Undercut banks, overhanging vegetation, and woody debris provide 
important habitat elements. An abundance of age 0 rainbow trout were collected within 
the sample reach and were the only fish species and age class collected. Two-pass 
sampling yielded 41 rainbow trout all under 20mm in length. 


 


 
 


3.0 WHPacific 2009 Summer Sampling 
The following section presents the results of the WHPacific fisheries sampling in Moose 
and Buffalo Creeks in the summer of 2009. Previously sampled stations were not 
included in the sampled reaches, aside from sampled segments of Buffalo Creek. 


 
Sampling was conducted in an effort to document species and life stages from habitat not 
sampled during the previous year’s effort. In particular, an effort was made to focus 
sampling on those habitats that were potentially more productive and attractive to species 
or life stages not previously collected. In addition, a significant segment of Buffalo 
Creek was sampled to determine the extent of fisheries throughout the stream’s length. 


 
3.1 Methods 
All sampling was conducted with either a backpack electrofisher and dipnet or a 6’ X 8’ 
seine. All habitat containing adult salmon (Chinook – Oncorhynchus tshawytscha) was 
avoided with the backpack electrofisher. All fish collected were identified to species, 
measured (fork length or standard length), and released. 
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Most stream reaches were selected in stream segments not previously sampled and in 
areas with a high density of backwaters, pools, side channels, and other sampleable 
habitats with the potential to support resident and migratory fish. 


 
 
 
3.2 Sample Site (Reach) Descriptions 
Sample site locations are provided below. 


 
Site #1:  Buffalo Creek from Mouth to First Dry Reach 
Site includes approximately 4,700 linear feet of habitat and also includes the previously 
sampled reach from the fall 2008 fisheries study. Habitat consists of shallow water (< 
0.5’) riffles and runs with few, small pools. Adjacent riparian habitat consists of 
extremely dense herbaceous cover, cottonwood trees, and an abundance of fallen wood. 
Approximately 40 percent of the stream reach was sampled. All major pools, accessible 
riffles, undercut banks, and runs were sampled. Habitat avoided include significant 
portions of the stream reach too shallow to contain fish and/or unsampleable due to the 
density of vegetation. 


 
Site #2:  Buffalo Creek from Upstream End of Dry Reach to Wishbone Lake Site 
includes approximately 5,200 linear feet of stream habitat. Site reach includes several 
waterfalls, bluffs, and extensive marsh areas near Wishbone Lake. Habitat is deeper 
in this reach and includes more pools, larger substrate, and less woody debris. 
Herbaceous cover is less dense than Site 1, but includes an abundance of devils club. 


 
Site #3: Moose Creek Approximately 100 Feet Upstream of USGS Gauging Station 
Habitat includes an abundance of large plunge pools, large substrate (cobble to large 
boulder), and small quantities of low velocity water. Some large woody debris is present 
and provides in-channel habitat. Depths range from 1.0 – 4.0 feet. The width of the 
stream in this reach exceeds 25 feet in most places. Adjacent riparian habitat is 
dominated by willows, cottonwoods, and alders. The end of the site (sample reach) is 
downstream of the first major side channel upstream of the Glenn Highway. Sample 
reach length is approximately 1,400 feet. 


 
Site #4: Moose Creek Upstream of Site #3 
Habitat is primarily associated with a left bank side channel. Approximately 70 percent 
of the sample reach is composed of the side channel. Depth of this habitat is 0.5-1.0 feet 
on average and the side channel does not exceed 20 feet in width. Site 4 is approximately 
1,200 feet in length. 


 
Site #5: Moose Creek in Vicinity of Old Waterfall Pool (prior to channel reroute) 
Habitat includes a large relict plunge pool below the old waterfall, a side channel pool 
upstream of the plunge pool (along the restored channel reach), a short side channel 
downstream of the pool, and cascading riffles with abundant large woody debris 
upstream of the old waterfall. Riparian habitat is dominated by cottonwoods with 
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currants and devils club in the understory. This sample reach is approximately 300 feet 
long. 


 
Site #6: Moose Creek Tributary/Fork and Side Channel  Mosaic 
Habitat consists of step pools and shallow riffles (<0.5’). Undercut banks, large boulders, 
and plunge pools provide additional habitat components. Habitat is distinctly different 
from the main channel of Moose Creek. Velocities are reduced, total percent cover is 
much higher, emergent vegetation is common along the margins and the channel is 
approximately one tenth the size of the main channel. The sampled reach length is 300 
feet. 


 
Site #7: Moose Creek Upstream of Confluence with Tributary (Site #6) Habitat is 
primarily a cascading torrent with few small plunge pools behind large boulders and 
small pools and slow velocity habitat immediately next to the bank. Average depth in 
the sample reach is approximately 2.5 feet. The channel width in the sample reach is 
approximately 30 feet. Sample reach length is 350 feet. 


 
Site #8: Moose Creek at Buffalo Creek Confluence 
Habitat is similar to Site #7 although side margin habitat is more abundant and stream 
velocities are lower. Approximately 90% of the habitat is riffle. Substrate is composed 
of cobbles and small boulders. Sample reach length is approximately 400 feet. 


 
Site #9: Moose Creek-Middle Reach – Downstream of site #5 and upstream of site 
#4 
Sample reach includes main channel of Moose Creek at midpoint of island created by 
extensive side channel. Sampled habitat includes a large pool and an abundance of 
plunge pools and high velocity riffles. Areas of low velocity margin habitat are present 
along the right bank. Site 9 is approximately 425 feet in length. 


 
Site #10: Moose Creek in Vicinity of Ford and Campground 
Sample reach includes backwaters, a side channel, and the stream reach associated with 
the Wishbone Lake Road ford. Habitat is riffle dominated and approximately 2 feet deep 
on average. Backwaters are on river right and associated with side channels. A river left 
side channel downstream of the ford provides refuge habitat and is characterized by low 
velocity flows and small pools. Woody debris and in-stream vegetation is associated 
with this and the backwater habitats. The sampled reach is approximately 300 feet in 
length. 


 
 
 
3.3 Sample Site Results 


 
 


Site 1:  Site 1 includes a stream segment of Buffalo Creek previously sampled in 2008. 
Juvenile rainbow trout were the only fish species collected in the stream reach in 2008. 
In 2009, no fish were collected in any portion of stream reach 1. All pools, runs, and 
accessible habitats were sampled with the backpack electrofisher without result. 







TECHNICAL MEMO 
FISHERIES RESOURCES MOOSE AND BUFFALO CREEKS: SUMMER 2009 


WHP Project 34308 11 


 


 


 
 
 


Site 2:  All accessible habitats in the second reach (Site 2) were sampled. Sampling did 
not yield any fish. Emergent and riparian vegetation almost completely enclosed most of 
the reach. Fish were expected from large plunge pools and near the outlet of Wishbone 
Lake, but these and all other habitats were devoid of fish. 


 
Site 3:  A total of eight (8) juvenile coho salmon were collected within the third reach 
and over thirty adult Chinook salmon were observed in the sample reach. Juvenile 
salmon were collected in waters along the streambank and in association with woody 
debris. 


 
Site 4:  A total of six (6) juvenile coho salmon were collected within the fourth reach. A 
single slimy sculpin was collected and 9 adult Chinook salmon were observed in the 
reach. The habitat associated with the side channel did not yield fish. Despite heavy 
utilization of the side channel by spawning adult coho as witnessed in 2008, Chinook 
salmon were not found to be utilizing this habitat for spawning. Redds were not 
observed. 


 
Site 5:  Thirty-five (35) juvenile coho salmon, two (2) Dolly Varden, and three slimy 
sculpin were collected within the fifth reach, 9 adult Chinook salmon were observed. 
Juvenile salmon were abundant in a small side channel at the downstream end of the 
reach and an isolated pool on the left bank at the upstream end of the reach. Most of the 
fish collected in this reach were collected with seine hauls. 


 
Site 6:  Four juvenile coho salmon (4) and eleven (11) Dolly Varden were collected in 
the sixth reach. Adult Chinook salmon were not present in the reach. The habitat 
associated with this reach is expected to be too small for use by adult Chinook salmon. 
Fish were common in most habitats, but most abundant in several of the large plunge 
pools in the reach. 


 
Site 7:  Seven (7) juvenile coho salmon were collected in the seventh reach. Adult 
Chinook salmon were not observed in the sample reach. 


 
Site 8:  Twenty-one (21) juvenile coho salmon were collected in the eighth reach. Most 
fish were collected with seine hauls. Approximately ten (10) adult Chinook salmon were 
observed in the sample reach. 


 
Site 9:  Thirty-two (32) juvenile coho salmon were collected in the ninth reach. Four (4) 
Dolly Varden were collected in this reach. Adult Chinook salmon (approximately four 
(4)) were observed at the upstream end of the sample reach in a large plunge pool. 


 
Site 10: Forty-four (44) juvenile coho salmon and a single Dolly Varden were collected 
in the tenth reach. Large groups of juvenile coho were collected in seine hauls in a large 
river right backwater. Additionally, a large number of juvenile coho and the lone Dolly 
Varden were collected in a small side channel on river left. 
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4.0 Summary and Discussion 
 
 


Consistent with results from 2009, we found that juvenile coho salmon are the most 
commonly collected fish in the Moose Creek study area. Coho were collected at all 
Moose Creek stations. Dolly Varden appear to be more abundant in upstream portions of 
the Moose Creek study area, although several were collected in the middle reaches (Sites 
5, 9, and 10). Catch rates for slimy sculpins were inconsistent, but their distribution is 
assumed to be throughout the study reach. Adult Chinook salmon were observed 
throughout the study area. The highest abundance of Chinook adults was noted within a 
quarter mile of the Glenn Highway Bridge. However, individuals were noted well 
upstream of this, including the uppermost extent of the study area at the last bridge over 
Moose Creek. 


 
Fish of any species or life stage were not collected in Buffalo Creek. Habitat and 
connectivity in habitat are limited in this stream. A large segment in the central part of 
Buffalo Creek lacks surface water, providing a migration barrier between fish populations 
that could source from Moose Creek and Wishbone Lake. In addition, impassible 
waterfalls occur in Buffalo Creek downstream of Wishbone Lake. In-stream habitat 
capable of supporting resident fish is limited downstream of Wishbone Lake and 
upstream of the impassable falls. Much of the habitat is associated either with heavily- 
vegetated and incised channels or with small plunge pools associated with the 
conglomerate bluffs that form the waterfalls. All of these habitats were sampled with 
backpack shocker, seine, or both in 2009. 


 
Downstream of the dry reach in Buffalo Creek habitat is primarily a meandering, incised 
channel associated with dense vegetation. Large pools and habitat deeper than 6 inches 
are rare. The previous collection (2008) of juvenile rainbow trout just upstream of the 
confluence of Buffalo Creek with Moose Creek was not repeated in 2009. We expect that 
lower segments of Buffalo Creek near the confluence serve as occasional rearing habitat 
for juvenile salmonids and may also serve as spawning habitat for resident Dolly Varden 
and rainbow trout. 


 
Project sampling did not identify species not previously collected in 2008 or 1988 
(Dames and Moore) in Moose or Buffalo Creeks. Of note, Dolly Varden exceeding 128 
mm (fork length) were not observed or collected, while fish exceeding this size class were 
observed and collected in several reaches. This may indicate a spawning migration or a 
shift in seasonal dispersal patterns. 


 
Combining the results of fisheries sampling from 2008 and 2009 a number of 
assumptions can be drawn on fish distributions in the study area. Generally, coho and 
Chinook salmon at a minimum occur throughout the study area, with overall abundances 
appearing to be higher in lower reaches. Based on survey results and field observations 
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by personnel from the Chickaloon Village Traditional Council, chum salmon 
(Oncorhynchus keta), and sockeye salmon (Oncorhynchus nerka) also occur in the lower 
reaches of the study area, although they were not observed during WHPacific’s studies. 
Abundance of chum salmon within the lower reaches of the study area may be significant 
(Winstauffer, pers. comm. 2008). 


 
Rearing of coho salmon juveniles occurs throughout the study area. Coho were 
commonly collected in almost all lower velocity habitats sampled. Even narrow 
streambank margins and small pocket pools adjacent to swift flowing torrents yielded 
coho during both summer and fall sampling efforts. A large abundance of coho salmon 
was collected in the few still water areas sampled during the studies. 


 
Dolly Varden were generally more common in upstream reaches of the study area. This 
can likely be attributed to the relatively higher abundance of backwaters upstream of the 
old stream ford. Dolly Varden were not collected by WHPacific in reaches nearest the 
Glenn Highway. 


 
Rainbow trout, while collected by WHPacific in small numbers in 2008, were not 
collected during sample efforts in 2009. General abundance of the species in the study 
area is not known, but can be assumed to be low. 
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Appendix A - Fisheries Data by  
Site(Station) and Site Location Figure  


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


  
  







 


 


Site 3 : Moose Creek Upstream from USGS Monitoring Station Upstream 
Sampled Date: 7/29/09 
Reach Length: 1400 feet 


 
Shock Seconds 379 


 
 
 
 


Catch Data  
 


Genus  Species  Common Name  FL 
Oncorynchus  kisutch  Coho salmon  55 
Oncorynchus  kisutch  Coho salmon  38 
Oncorynchus  kisutch  Coho salmon  53 
Oncorynchus  kisutch  Coho salmon  44 
Oncorynchus  kisutch  Coho salmon  44 
Oncorynchus  kisutch  Coho salmon  40 
Oncorynchus  kisutch  Coho salmon  30 
Oncorynchus  kisutch  Coho salmon  33 


Cottus   Cognatus  Slimy sculpin  obs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


            
            
            
            
            
            
            
            
            







 


 


Site 4 : Moose Creek Upstream of Site 3 
Sampled Date: 7/29/09 
Reach Length: 1200 feet 


 
Shock Seconds 658 


 
 
 


Catch Data 
 


Genus Species Common Name FL 
Oncorynchus kisutch Coho salmon 47 
Oncorynchus kisutch Coho salmon 48 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 35 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 37 


Cottus Cognatus Slimy sculpin 32 







 


 


Site 5 : Moose Creek at Old Waterfall Pool 
Sampled Date: 7/29/09 
Reach Length: 300 feet 


 
Shock Seconds 353  
Seine Hauls: 5 


 


Catch Data  
 


Genus 
Oncorynchus 


 


Species 
kisutch 


 


Common Name 
Coho salmon 


 


FL 
90 


Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 33 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 52 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 36 
Oncorynchus kisutch Coho salmon 32 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 48 
Oncorynchus kisutch Coho salmon 47 
Oncorynchus kisutch Coho salmon 35 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 33 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 37 
Oncorynchus 
Oncorynchus 
Oncorynchus 


kisutch 
kisutch 
kisutch 


Coho salmon 
Coho salmon 
Coho salmon 


40 
Est40 


43 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 33 
Oncorynchus kisutch Coho salmon 30 
Oncorynchus kisutch Coho salmon 37 
Oncorynchus kisutch Coho salmon 36 
Oncorynchus kisutch Coho salmon 32 


Salvelinus malma Dolly Varden 65 
Salvelinus malma Dolly Varden 68 


Cottus Cognatus Slimy sculpin 50 
Cottus Cognatus Slimy sculpin 55 
Cottus Cognatus Slimy sculpin 27 







 


 


 
Site 6 : Moose Creek Upstream Fork (Tributary) at Confluence with Main Stem 
Sampled Date: 7/30/09 
Reach Length: 300 feet 


 
Shock Seconds 280 


 
 
 


Catch Data 
 


Genus Species Common Name FL 
Oncorynchus kisutch Coho salmon 39 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 43 


Salvelinus malma Dolly Varden 125 
Salvelinus malma Dolly Varden 75 
Salvelinus malma Dolly Varden 56 
Salvelinus malma Dolly Varden 74 
Salvelinus malma Dolly Varden 128 
Salvelinus malma Dolly Varden 65 
Salvelinus malma Dolly Varden 68 
Salvelinus malma Dolly Varden 98 
Salvelinus malma Dolly Varden 114 
Salvelinus malma Dolly Varden 58 
Salvelinus malma Dolly Varden 30 







 


 


Site 7 : Moose Creek Immediately Upstream of Fork (Tributary) Confluence 
Sampled Date: 7/30/09 
Reach Length: 350 feet 


 
Shock Seconds 
Seine Hauls 


NA 
10 


 


 


Catch Data  
 


Genus 
Oncorynchus 
Oncorynchus 


 


Species 
kisutch 
kisutch 


 


Common Name 
Coho salmon 
Coho salmon 


 


FL 
Est40 


44 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 52 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 42 







 


 


Site 8: Moose Creek at Buffalo Creek Confluence 
Sampled Date: 7/30/09 
Reach Length: 400 feet 


 
Shock Seconds 240  
Seine Hauls 10 


 


Catch Data  
 


Genus 
Oncorynchus 
Oncorynchus 
Oncorynchus 


 


Species 
kisutch 
kisutch 
kisutch 


 


Common Name 
Coho salmon 
Coho salmon 
Coho salmon 


 


FL 
41 


Est45 
40 


Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 50 
Oncorynchus kisutch Coho salmon 55 
Oncorynchus kisutch Coho salmon 55 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 55 
Oncorynchus kisutch Coho salmon 47 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 50 
Oncorynchus kisutch Coho salmon 53 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 42 







 


 


 
Site 9: Moose Creek (Between Site 4 and Site  5) 
Sampled Date: 7/30/09 
Reach Length: 425 feet 


 
Shock Seconds 620  
Seine Hauls 4 


 


Catch Data  
 


Genus 
Oncorynchus 


 


Species 
kisutch 


 


Common Name 
Coho salmon 


 


FL 
55 


Oncorynchus kisutch Coho salmon 48 
Oncorynchus kisutch Coho salmon 62 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus 
Oncorynchus 
Oncorynchus 


kisutch 
kisutch 
kisutch 


Coho salmon 
Coho salmon 
Coho salmon 


38 
Est45 


42 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus 
Oncorynchus 
Oncorynchus 


kisutch 
kisutch 
kisutch 


Coho salmon 
Coho salmon 
Coho salmon 


42 
Est45 


46 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 52 
Oncorynchus kisutch Coho salmon 48 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 55 
Oncorynchus kisutch Coho salmon 56 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 46 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 45 


Salvelinus malma Dolly Varden 58 
Salvelinus malma Dolly Varden 110 
Salvelinus malma Dolly Varden 68 
Salvelinus malma Dolly Varden 46 







 


 


 
Site 10: Moose Creek at Campsite and Ford (Old Bridge Crossing) 
Sampled Date: 7/31/09 
Reach Length: 300 feet 


 
Shock Seconds 412  
Seine Hauls 6 


 


Catch Data 
Genus 


 
 


Species 


 
 


Common Name 


 
 


FL 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus 
Oncorynchus 
Oncorynchus 


kisutch 
kisutch 
kisutch 


Coho salmon 
Coho salmon 
Coho salmon 


47 
Est40 


39 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 37 
Oncorynchus kisutch Coho salmon 34 
Oncorynchus kisutch Coho salmon 35 
Oncorynchus kisutch Coho salmon 35 
Oncorynchus kisutch Coho salmon 36 
Oncorynchus 
Oncorynchus 
Oncorynchus 
Oncorynchus 
Oncorynchus 
Oncorynchus 
Oncorynchus 


kisutch 
kisutch 
kisutch 
kisutch 
kisutch 
kisutch 
kisutch 


Coho salmon 
Coho salmon 
Coho salmon 
Coho salmon 
Coho salmon 
Coho salmon 
Coho salmon 


36 
Est40 
Est40 
Est40 
Est40 
Est40 


38 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 39 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 45 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 33 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 43 
Oncorynchus kisutch Coho salmon 42 
Oncorynchus kisutch Coho salmon 40 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 34 
Oncorynchus kisutch Coho salmon 34 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 36 
Oncorynchus kisutch Coho salmon 36 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 32 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 41 
Oncorynchus kisutch Coho salmon 44 
Oncorynchus kisutch Coho salmon 35 
Oncorynchus kisutch Coho salmon 38 
Oncorynchus kisutch Coho salmon 32 







 


 


 







 


 


Appendix  B - Photographs 







Photo 2: Downstream end of Site 3. Moose Creek upstream of Glenn Highway. 


 


 


 
 
 
 
 


 
 


Photo 1: Wishbone Lake near the end of Site 2. 
 


 







Photo 4: Sampled side channel- Site 4. 


 


 


 


 
 


Photo 3: Mid-portion of Site 4. Photo taken from confluence of side channel. 
 


 







Photo 6: Side channel pool - Site 5. 


 


 


 
 


Photo 5:  Relict channel waterfall pool -Site 5 
 


 







Photo 8: Downstream end of Site 7. 


 


 


 
 


Photo 7: Typical habitat {tributary) Site 6 
 


 







Photo 10: Downstream end of Site 9 -looking upstream. 


 


 


 
 


Photo 9: Site 8 -looking downstream from confluence of Buffalo Creek. 
 


 







 


 


 


 
 


Photo 11:  Pool at upstream end of Site 9 - looking upstream. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Photo 9: Downstream end of Site 8. 







 


 


 
 
 
 


ADDENDUM 3 
 


Update of Fisheries Resources Since the 2008 Stream Restorations Work on Moose Creek and 
discharge measurements of lower Buffalo Creek. 


 
Technical Memorandum by WHPacific, Inc.  August 16, 2012. 







 


 


 


 
 
 
 


Technical Memorandum 
 


To: Rob Brown, Usibelli Coal Mine, Inc. 
 


From: Casey Storey, WHPacific 
 


Date: July 24, 2012 – Revised August 1, August 16, 2012 
 


Re: Recent discharge measurements and fisheries sampling 


9755 SW Barnes Road, 
Portland, OR 97225 


503-626-0455 


 
 
 


This memorandum documents recent fisheries sampling and discharge measurements that were 
undertaken on behalf of Usibelli Coal Mine, Inc. on Buffalo Creek in the Wishbone Hill and 
Wishbone Lake vicinity approximately 10 miles Northeast of Palmer, AK. 


 
Stream Discharge 
On July 12th, WHPacific staff completed discharge measurements at Buffalo Creek at five 
locations.  Weather during the time of sampling was overcast and in the 50s.  No rain fell 
during the day of sampling.  Staff utilized a Marsh Mcbirney Flo-Mate velocity meter with a 
top setting wading rod to measure water velocities and depths at chosen cross sections.  At 
each cross section, the wetted width of the channel was measured and the width was evenly 
divided into no fewer than five segments for velocity measurements.  Sites that were selected 
for discharge measurements were in straight channel segments with generally uniform 
substrate and even flows.  Sites were also selected throughout Buffalo Creek to represent a 
range of hydrologic conditions and the potential addition of tributaries, ground water, or 
springs to base flow.  Descriptions of site locations and the results of discharge measurements 
are listed in the table below.   A map depicting the approximate location of each sample station 
is attached. 


 
 
 


Station Station Description Preliminary Discharge 
Measurements 


1.0 At Buffalo Creek weir – approximately 500 feet 
downstream of Wishbone Lake 


0.1455 cfs 


2.0 Downstream of Sample Station 1.0 approximately 
300 feet – first slot canyon downstream of Wishbone 
Lake 


0.0977 cfs 


3.0 Approximately 25 feet upstream of confluence with 
Moose Creek 


0.171 cfs 


4.0 Approximately 1200 feet upstream of the confluence 
with Moose Creek and approximately 700 feet 
downstream of the notch in the bluff wall 


0.1955 cfs 


5.0 Approximately 100 feet upstream of Sample Station 
3.0 and near the confluence of Buffalo and Moose 
Creeks 


0.242 cfs 
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Fisheries 


 
Previous fish resource sampling efforts in Buffalo Creek by WHPacific found juvenile 
rainbow trout (Oncorhynchus mykiss) in Buffalo Creek in proximity to the confluence with 
Moose Creek.  To determine the extent of fisheries resources in Buffalo Creek following 
recent improvements in fish passage on Moose Creek – WHPacific staff sampled Buffalo 
Creek from the confluence with Moose Creek up to the first cascade at the break in the bluff of 
Wishbone Hill on July 13th, 2012.  All habitats of Buffalo Creek were sampled with a 
backpack electrofisher up to two relict beaver ponds, approximately 500 feet upstream of the 
confluence.   At the downstream end of the beaver ponds, one of the remaining dams has 
created a 4’ drop.  Habitat above the beaver dam drop was spot sampled as access and 
conditions allowed up to the break in the bluff (approximately 1200 feet total length).  Habitat 
that was too shallow to sample or that was too heavily vegetated to be effectively sampled was 
passed over in favor of deeper and more accessible habitats.  All habitat sampled above and 
below the relict beaver dam is depicted in the second figure attached to this memorandum.  In 
addition, the approximate location of the relict beaver dam is noted. 


 
Dolly Varden (Salvelinus malma) were observed and collected from the mouth of Buffalo 
Creek up to the beaver dam drop in Buffalo Creek.  Four (4) individual Dolly Varden ranging 
in size from 62-70 mm (fork length) were collected in this segment of stream.  An additional 
four (4) Dolly Varden were observed but not collected within the lower reach.  Above the 
beaver dam drop – no fish were observed or collected in the entire segment to the bluff break. 
Shock seconds during sampling totaled 985. 


 
In general, spawning habitat for large salmonids is limited in Buffalo Creek.  Sediment particle 
size in much of the lower stream segments (between the bluff and Moose Creek) is small with 
sand and silt dominating.  Upstream of the bluff – particle size significantly increases, but 
flows are diminished, suitable depth for spawning is absent, and several large natural barriers 
are found impeding potential upstream movement by fish.  Potential rearing habitat for 
juvenile salmon occurs below the relict beaver dam, but observations and collections past and 
present do not indicate that juvenile or adult salmon enter Buffalo Creek from Moose Creek, 
despite the access to and use by Dolly Varden and rainbow trout. 
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Photo 1: 
Discharge 
Cross 
Section #1 







August 16, 2012 


Page | 4 


 


 


 
 


 
 


 
 
 
 
 
 


Photo 2: 
Discharge 
Cross 
Section #2 


 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Photo 3: 
Discharge 
Cross 
Section #3 
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Photo 5: Discharge Cross Section #5 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 4: 
Discharge 
Cross 
Section #4 







 


 


0.5 0.2 0.1 0.42 0.042 
0.5 0.2 0.1 0.62 0.062 
0.5 0.2 0.1 0.76 0.076 
0.5 0.2 0.1 0.44 0.044 
0.5 0.2 0.1 0.18 0.018 


     


0.242 
 


Cross Section 1 Width Depth X-section area Velocity Discharge 
2.08'  0.5 0.3 0.15 0.36 0.054 


0.5 0.3 0.15 0.36 0.054 
0.5 0.3 0.15 0.18 0.027 
0.5 0.3 0.15 0.07 0.0105 


 


 
0.1455 


 


 
Cross Section 2 Width Depth X-section area Velocity Discharge 
4.7'  0.5 0 0 0 0 


0.5 0.2 0.1 0.12 0.012 
0.5 0.25 0.125 -0.03 -0.00375 
0.5 0.2 0.1 0.09 0.009 
0.5 0.2 0.1 0.3 0.03 
0.5 0.3 0.15 0.37 0.0555 
0.5 0.2 0.1 -0.05 -0.005 
0.5 0.1 0.05 0 0 
0.5 0 0 0 0 


0.09775 
 


 
Cross Section 3 Width Depth X-section area Velocity Discharge 
2.7'  0.4 0.4 0.16 0.11 0.0176 


0.4 0.4 0.16 0.39 0.0624 
0.4 0.3 0.12 0.34 0.0408 
0.4 0.25 0.1 0.2 0.02 
0.4 0.25 0.1 0.19 0.019 
0.4 0.2 0.08 0.14 0.0112 


0.171 
 


 
Cross Section 4 Width Depth X-section area Velocity Discharge 
2.8'  0.5 0.3 0.15 0.2 0.03 


0.5 0.3 0.15 0.27 0.0405 
0.5 0.4 0.2 0.25 0.05 
0.5 0.4 0.2 0.33 0.066 
0.5 0.3 0.15 0.06 0.009 
0.3 0 0 0 0 


0.1955 
 


 
Cross Section 5 Width Depth X-section area Velocity Discharge 
2.6 
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Buffalo Creek Discharge Locales 
Wishbone Hill 


July 23, 2012 
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Buffalo Creek Fish Sample Reach – Wishbone Hill 







 


 


 
 
 
 


ADDENDUM 4 
 


A synopsis by ADF&G of the fisheries resource changes since the 2008 stream 
restorations work on Moose Creek. 


 
Email dated February 7, 2013 by Samuel  Ivey. Area Management Biologist, 
Northern and West Cook Inlet, ADF&G Sport Fish Division, Palmer. 







 


 


 
UCM requested and received a synopsis of the aquatic resource changes since the 2008 stream 
restorations work on Moose Creek from ADF&G.  The synopsis from ADF&G was received in an 
email on February 7, 2013 from Samuel Ivey, Area Management Biologist, Northern & West Cook 
Inlet, ADF&G Sport Fish Division.  The synopsis from Samuel Ivey will be included in Chapter IX, 
and is quoted below: 


 


 
 


“The Moose Creek watershed supports various fish species, including all five species of pacific 
salmon and resident rainbow trout and Dolly Varden.  Chinook and coho salmon are the most 
prevalent salmonids.  The Anadromous Waters Catalog (AWC) maintained by the Alaska 
Department of Fish and Game (ADF&G) lists the following species and life stage for Moose 
Creek: King salmon rearing and spawning, coho salmon rearing and spawning, and presence 
of sockeye, chum, and pink salmon.  The abundance of Chinook salmon has been monitored by 
ADF&G since about 1979 by means of aerial index counts conducted by helicopter on an 
annual basis.  The average all years count is 460 and range from 175-1,072 fish.  In 2005 
Chickaloon Village Traditional Council restored salmon passage to upper Moose Creek by 
returning the channel to its original state prior to construction of a railroad spur in the early 
1920s that caused the formation of a waterfall.  This project opened at least 5 additional miles 
of spawning habitat for salmon.  As a result, Chinook salmon were found spawning further 
upstream and the departments index area for assessing Chinook abundance was extended from 
Buffalo Mine Road Bridge near the Superior Mine upstream to the point of entrance into the 
mountains, the current upstream limit of documented spawning in the AWC.  In October, 2012, 
adult coho and juvenile Chinook were documented in Buffalo Creek, a small tributary upstream 
of the old barrier waterfall.  During the October survey, 21 Dolly Varden and 1 rainbow trout 
were also noted in Buffalo Creek.” 
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1.0  INTRODUCTION 
 
This report presents baseline surface water hydrology information in and near the permit area of the 
Wishbone Hill Coal Project.  The project area is located approximately seven miles north of 
Palmer, Alaska, in the Moose Creek watershed as shown in Figure 1-1.  Baseline information in the 
report includes regional watershed data, characterizations of site specific watersheds, stream flow 
data from streams in and near the permit area, stream morphology data, analytical results from 
monthly surface water quality monitoring, and an evaluation of baseline sediment yield conditions.   
 
The body of this report is based on data collected during the period of July 1988 through July 1989. 
 Additional field studies and surface water data collection programs continued through September 
1992 and then again during the period of 1998 through 2001.  In October 2008, surface water 
studies and monitoring programs were reinitiated and are currently ongoing.  Addendum 1 of this 
report contains a compilation of all the stream flow and water quality monitoring data that has been 
collected in and near the permit area of the Wishbone Hill project during the last twenty years.  
Addendum 2 presents the results of a stream morphology study that was conducted on Buffalo 
Creek in October 2008 utilizing Rosgen Level II Survey methodology. 
 
The baseline surface water monitoring program that was initiated in July 1988 included the 
collection of monthly water quality samples and continuous stream flow data from the two streams 
(Moose and Buffalo Creeks) that are situated in and adjacent to the permit area.  The baseline 
monitoring program described in this report was developed to provide information in support of a 
surface mining permit application.  During the scoping, design and implementation of the initial 
surface water hydrology characterization and baseline monitoring program, meetings were held 
with the Alaska Division of Mining (DOM) and the Division of Geological and Geophysical 
Surveys (DGGS) on June 13 and October 11, 1988.  The DGGS was retained by the DOM to act as 
a technical advisor on the surface water hydrology investigations.  The scope of the surface water 
hydrology characterization and baseline monitoring program reflects the comments and suggestions 
received from the agencies during these meetings. 
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2.0  REGIONAL SURFACE WATER HYDROLOGY 
 
2.1  


Wind speeds also vary considerably throughout the Cook Inlet Basin.  In the cities of Anchorage 
and Homer, annual wind speeds average between seven and eight miles per hour (mph), with 


General Climatology 
 
The proposed Permit Area is located within the Cook Inlet Basin on the southeast side of the 
Talkeetna Mountains (Figure 1-1).  The Cook Inlet Basin covers an area of approximately 38,000 
square miles in south-central Alaska.  Within the Cook Inlet Basin the climate ranges from 
maritime along the coast to continental in the higher elevations near the proposed Permit Area.  
Based on forest types, the climate of this region is described as subarctic (Hartman and Johnson, 
1978).  Additional climatological data is provided in Part C, Chapter VII. 
 
Annual temperature variations in the Cook Inlet Basin are large.  The highest temperatures on 
record through 1987 for Anchorage (45 miles from the proposed Permit Area), Homer (170 miles 
from the proposed Permit Area) and Talkeetna (55 miles from the proposed Permit Area) are 85°, 
80° and 91° Fahrenheit, respectively and occurred in June (NOAA, 1987).  Lowest temperatures on 
record for the same cities are -34°, -21°, and -48° Fahrenheit, respectively.  Lowest temperatures 
usually occur in January.  Talkeetna is an exception, where the lowest temperature on record 
occurred in March.  Annual daily maximum temperatures for all three cities are in the low 40's.  
Annual daily minimum temperatures are in the low to high 20's.  
 
 Precipitation within the Cook Inlet Basin also varies considerably,  falling as rain in the late spring, 
summer and early autumn, and as snow in late autumn, winter and early spring.  Mean annual 
precipitation values, including the water equivalent in snowfall, for Anchorage, Homer and 
Talkeetna are 15.2, 23.8, and 27.2 inches, respectively.  Average annual snowfall for these cities is 
68.6, 59.1, and 107.3 inches respectively (NOAA, 1987).  The cities are in the lowlands, however.  
The Cook Inlet Basin also includes the Talkeetna, Chugach, and Kenai mountains, and part of the 
Alaska Range as well as some others.  Annual precipitation (as rainfall) as high as 100 inches has 
been reported at the Knik River near Palmer;  annual snowfall as high as 400 inches has been 
reported in the drainage areas of the Susitna River, the Maclaren River and the Chakachatna River 
in the higher elevations of the river basins.  (Freethey and Scully, 1980) 
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maximums of 64 and 44 mph, respectively.  In the upland and mountain regions, limited data on 
wind speed are available.   
 
Much of the Cook Inlet Basin is free of permafrost, particularly those areas bordering Cook Inlet.  
In the uplands and the mountains, however, areas of isolated or discontinuous permafrost are 
present (Hartman and Johnson, 1978). 
 
2.2  Drainage Basin Characteristics 
 
The entire Cook Inlet Basin was glaciated in Pleistocene time, and glaciers exist in mountainous 
areas of the Cook Inlet Basin today.  Estimates of the extent of current glaciation in the Cook Inlet 
Basin range from zero percent for over half of the watersheds to 54 percent of the area in the Knik 
River watershed, near Palmer (Hartman and Johnson, 1978).  Glaciation is responsible for the 
current topography, including the U-shaped valley cross sections and many of the glacial and 
sedimentary deposits found at lower elevations. 
 
The Matanuska River drains approximately 2070 square miles of the southern Talkeetna mountains 
in the east central portion of the Cook Inlet Basin.  The proposed Permit Area is located along 
Moose Creek, a tributary to the Matanuska River.  The mean elevation of the Matanuska River 
watershed is 4,000 feet above mean sea level (msl).  Approximately 14 percent of the watershed is 
forested, predominantly at lower elevations, and 12 percent is presently glaciated.   
 
The Matanuska River has a relatively steep average slope of approximately 80 feet per mile.  
Watersheds of streams tributary to the Matanuska River are also steep and relatively long and 
narrow.  They form a predominantly parallel drainage system pattern, structurally controlled by the 
mountain landforms.   
 
The dominant erosion mechanisms within the basin are mass wasting and mechanical erosion 
processes associated with freeze/thaw activity acting on bare rock on high, steep, unforested 
mountain slopes.  In the forested areas at lower elevations, erosion of surficial soils by rainfall and 
snow melt runoff occurs.  The amount of erosion is limited by the relatively thick vegetative cover 
that exists at the lower elevations. 
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2.3  


2.4  


Stream Flow 
 
Typical stream flow in this region is generated from precipitation, snowmelt and glacial meltwaters. 
Flows vary seasonally, with peak flows occurring in spring and early summer due to snowmelt and 
breakup, and in late summer and early autumn due to rain storms.  Periods of lowest flow occur in 
winter when precipitation falls as snow, and when little surface runoff occurs.  Mid-summer low 
flows due to a lack of rain are sustained by effluent ground water flows and melt water from the 
perennial snow pack.  The flows fall to levels typically seen in winter only during extended periods 
without rainfall (Freethey and Scully, 1980). 
 
There are no permanent steam gaging stations on Moose Creek, and historical point measurement 
data are sparse.  However, the adjacent basin of the Little Susitna River has a similar size, 
orientation, topography, and distribution of forested and glaciated areas.  Its hydrologic response is 
expected to be similar to that of Moose Creek.  The U.S. Geological Survey (USGS) has 40 years of 
stream flow data for the Little Susitna River near Palmer at a gaging station six miles west of the 
proposed Permit Area.  The gage location is shown in Figure 2-1.  Data from this station are 
presented in Table 2-1.  The drainage area above this gaging station is 61.9 sq. mi.  Average annual 
discharge for the river at this station is 211 cfs.  Stream flow in the Little Susitna River typically 
ranges in the summer from 300 to 700 cfs and in the winter from 10 to 100 cfs.  Highest flows 
usually occur in June from snowmelt or in the late summer/early fall from heavy rains (Carrick, et 
al., 1988). 
 


Surface Water Quality 
 
Natural surface waters in the Cook Inlet Basin have generally good quality, with few impurities or 
contaminants.  Historical data published by the U.S. Geological Survey (USGS, 1971) indicates 
near neutral pH, moderate hardness and alkalinity, low concentrations of dissolved salts (calcium, 
magnesium, sodium and potassium), and few nutrients. 
 
Water quality measurements have been made of the Little Susitna River near Palmer sporadically 
between 1948 and 1972.  The parameters measured and their range of values are summarized in 
Table 2-2 from USGS data (presented in Carrick et al., 1988). 
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 In general, the water quality on the Little Susitna River is good.  The average pH is slightly basic, 
the dissolved oxygen is usually near saturation, and specific conductance varies inversely with 
discharge (snowmelt and rainfall having lower conductance than baseflow from groundwater). 
 
Turbidity and suspended sediment concentrations in the Little Susitna River vary seasonally.  In the 
winter, stream flow is usually clear.  After breakup, the river is milky from snow/glacier melt or 
rainfall runoff.  Suspended solids at this time are usually in the range of 10 to 200 mg/l.  Suspended 
sediment concentration can increase significantly as a result of summer storm runoff (Carrick et al., 
1988). 
 
2.5  


2.6  


Surface Water Use 
 
Some surface waters in the Cook Inlet Basin currently provide a salmon fisheries resource, are 
suitable for recreation, and provide a drinking and irrigation water source for single family homes 
and small farms.  
 


Sediment Yield 
 
The major rivers draining the Cook Inlet Basin carry significant sediment loads.  Observation of the 
Matanuska River near the Moose Creek confluence, for example, indicate high quantities of 
sediment.  The channel is braided, and water in the river is highly turbid.  These conditions are 
consistent with an actively eroding environment.  Active glaciers within the Matanuska River 
drainage basin, coupled with freeze/thaw and other mass wasting processes, both above and below 
tree line, provide large quantities of material which become available for river transport.  In 
addition, steep river gradients provide for both erosion and deposition within the braided channel 
systems. 
 
Tributary streams such as Moose Creek which drain relatively small areas do not generate 
sufficiently high discharges to carry the consistently high sediment loads observed in the Matanuska 
River.  High sediment loads typically occur only during periods of high discharge.  While the mass 
wasting processes are present in smaller basins, flows of significant magnitude to transport large 
sediment loads occur only during seasonal rainstorms and periods of high snow and glacier melt. 
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Longer duration rainstorms and storms of short duration and high intensity generate some runoff 
derived erosion both above and below tree line.  However, rainfall/runoff erosion is limited in 
smaller watersheds such as Moose Creek by frozen conditions in winter and by heavy vegetative 
cover at lower elevations, which stabilize soils and reduce erosion. 
 
Runoff and snow/ice melt flows also generate significant channel bed and bank erosion.  Inundation 
of the flood plain and undercutting of stream banks in deeply incised channel reaches contribute 
significantly to the sediment loads transported at high flows. 
 
3.0  SURFACE WATER INVESTIGATIONS AND MONITORING 
 
3.1  


3.1.1  Inventory of Watershed Parameters 
 
An inventory of Moose Creek watershed parameters was developed by a review of the literature 
and by field survey.  Sources included USGS topographic maps and publications, NOAA 
precipitation and climate data, and numerous field reconnaissance trips (USGS, 1951, NOAA, 
1987, USGS, 1971).  Field data collected included size and location of tributaries, measurements of 
selected channel slopes and channel cross sections, estimates of the expected range of stream flows, 
collection of stream morphology data, estimates of the type, density and areal extent of vegetation, 
sampling and grain size analysis of both surface and subsurface soil samples, preliminary water 
quality sampling, and an estimate of the magnitude of surface and groundwater interaction.  In 
addition, the field surveys provided information used in selection of permanent stream gaging and 
water quality monitoring station locations. 
 


Methods of Data Acquisition 
 


3.1.2  Stream Flow Monitoring 
 
Three continuous stream flow monitoring stations, numbered 1, 4, and 5 on Figure 3-1 and Plate V-
1, were established on the mine site in August, 1988, and are still operational today.  Two stations 
were located on Moose Creek, and a third was located on Buffalo Creek.  Stations were located at 
points in the channel which displayed characteristics of being stable cross sections, with no 
observed indications of long term scour or deposition.  These stations also served as water quality 
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monitoring stations.  Stream flow monitoring was achieved by measuring water depth (stage) with a 
pressure transducer, and recording the measured values with an electronic data logging system.  In 
addition, staff gages were installed at each station to confirm the proper functioning of the pressure 
transducers by allowing simultaneous manual stage and pressure transducer readings during 
periodic field monitoring of the stations.  Stage values were converted to discharge values using a 
stage-discharge relationship calibrated for each monitoring station.   
 
Stage-discharge relationships were developed for stations on Moose Creek by measuring the 
discharge with a current meter at periodic intervals over a range of flow depths.  Two types of 
current meters were used:  a Type-1 Gurley current meter for larger flows and a Pygmy current 
meter for lower flows.   
 
Discharge measurements were obtained by wading the stream and recording velocity and depth 
measurements at two foot intervals across the channel, well within limits recommended by the 
USGS (USGS, 1982).  Because stream depth was typically less than 2.5 feet, velocities were 
measured at a 0.6 foot depth in accordance with USGS recommendations (USGS, 1982).  
Discharge was computed as the summation of the incremental velocity measurements multiplied by 
the corresponding incremental area of flow.  These calculations are included in Appendix H.  
During each field measurement of discharge, the flow depth over the pressure transducer was also 
measured to confirm the function and the calibration of the electronic data logging system.  This 
resulted in three independent measurements of stage for each discharge measurement:  the pressure 
transducer value, the fixed staff gage value, and a handheld measurement directly over the 
transducer.  The procedure is described in the Quality Assurance Plan presented in Appendix A. 
 
The flow of Buffalo Creek was normally too low to be accurately measured by a Pygmy current 
meter.  To measure the flows, a calibrated metal Parshall flume with an eighteen inch throat width 
and a fifteen inch depth was installed in the creek bed on August 24, 1988.  The flume was sized 
and placed so that all of the stream flow within the channel banks passed through the device and 
was carefully leveled to assure accurate flow measurement.  A stilling basin and pressure transducer 
were located adjacent to the flume, together with a staff gage.  The stage-discharge relationship for 
the leveled flume was provided by the manufacturer. 
 
 At each monitoring station, stream stage was measured by a calibrated pressure transducer located 
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on the streambed.  At the Moose Creek stations, the transducer was held in place and protected 
from damage within a PVC pipe, which was placed on the streambed with the open end facing 
downstream.  The transducer was prevented from moving by filling the annulus around the 
transducer with foam rubber and anchoring the PVC pipe by wiring it to a section of rebar driven 
into the streambed.  The transducer itself was left free near the open end of the pipe.  At the Buffalo 
Creek station, due to the small discharge of the stream, the pressure transducer was located at the 
bottom of a stilling basin which was constructed along the side of the flume.  As indicated above, a 
permanent staff gage, mounted on steel fence rails, was installed at each gaging station. 
 
A battery powered electronic data logger was connected by a data transmission wire to each 
pressure transducer.  The Omnidata Datapod II electronic data logger and Instrumentation 
Northwest PS7001-2 pressure transducer were used.  Calibrations were performed in the laboratory 
in accordance with manufacturers recommendations.  Transducers and data pods were calibrated in 
pairs and were not interchanged at any time.  The data logger was placed in a weather proof utility 
box, mounted to a four by four inch post located at the side of the stream at each station.  The data 
logger sampled the pressure transducer once each minute.  Once every fifteen minutes, the most 
recent pressure value was recorded and stored on an Extended Programmable Read Only Memory 
(EPROM) chip in the data logger.  In addition, if two consecutive one minute readings differed by 
more than one tenth of a foot, the data logger recorded the more rapidly changing data in a separate 
location for later analysis.   
 
The EPROM in each data logger converted pressure data to an equivalent head of water, resulting 
in continuous stage data at fifteen minute intervals.  Approximately every two weeks, before the 
storage capacity of the data logger was exceeded, a field engineer visited each station and 
exchanged the Data Storage Module (DSM), containing the EPROM, with a fresh unit.  Data 
logging was not interrupted by this process.  A computer and a DSM reader were used to read the 
EPROM and transfer the stage data from the EPROM to computer disk for analysis.   
 
3.1.3  Moose Creek Water Balance 
 
To address the concern that Moose Creek may be a significant source of groundwater recharge to 
local stream alluvium, glacial sediments or bedrock, order of magnitude estimates of the amount of 
stream water loss to, or gain from, local channel deposits and/or the near surface groundwater 
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system were made on Moose Creek using a water balance approach.  Several intermediate, 
temporary stream gaging stations were established on the selected reach of Moose Creek to provide 
data for the analysis.  The length of the reach between the upstream and downstream stations used 
for this estimate was selected such that all of the Moose Creek stations, and all of the tributaries 
located between them could be gaged in a relatively short time period.  This reduced the potential 
for changes in stream flow during the seepage estimate measurements. 
 
Intermediate gaging stations were established at the Premier Creek confluence and at two additional 
tributary confluences, all of which lie between the Moose Creek stations (see Plate V-1).  The 
permanent gaging station on Buffalo Creek was used to measure inflow from this stream.  
Measurement techniques were selected to provide a rapid, convenient means of estimated flow 
magnitudes.  Due to the small flows on the other tributaries, some flow velocities were estimated by 
measuring the length of time required for a float placed in the stream to travel a known distance.  
Where possible, a pygmy meter was used to gage the flow.  The stream cross sections were then 
established by field survey. 
 
 An approximate water balance was calculated by comparing the sum of inflows from the upstream 
Moose Creek station and all of the tributary inflows with the combined measured outflow at the 
downstream Moose Creek station.  The result is an estimate of the net gain to or loss from Moose 
Creek over the entire selected reach.  In addition, values obtained at intermediate stations were 
evaluated to estimate gains to or losses from specific reaches of Moose Creek between tributary 
junctions.  Due to the measurement error involved in sampling the smaller inflows, the discharge 
values obtained for the tributaries were estimated to be accurate to within 20 percent (USGS, 1982). 
 The USGS indicates that a 2 percent error is typical for discharge measurements (USGS, 1982).  
However, due to site conditions (i.e., icing and braiding) discharge values for the Moose and 
Buffalo Creek stations had estimated accuracies of 5 percent. 
 
3.1.4  Soil Sampling 
 
 Soil samples from old stockpiles remaining on the site from previous mining operations, and drill 
cutting samples taken from both shallow and deep wells were collected.  The point data was 
collected to enable a preliminary erosion analysis for materials likely to be exposed during mining 
operations, based upon properties of materials previously exposed (stockpile samples) and materials 







 
 


 V-10 WBH 2009 Update 
 


 


targeted for excavation (drill cuttings).  Grain size analyses using standard methods (ASTM D422-
63) were conducted on the soil samples.  A detailed discussion of sampling procedures and results 
follows in Section 3.2.3.  Results provide point measurement data for use in determining soil 
erodability (Wischmeier, et al., 1971).  The mean of the computed soil erodability factors and the 
variation in the individual values were used in conjunction with soil survey data for the site 
(Nyenhuis, 1988) in the design of the drainage and erosion control system for the mine. 
 
3.1.5  Water Quality Sampling and Analysis 
 
 Seven water quality sampling stations were established to monitor surface water quality in and near 
the proposed Permit Area.  Four stations were located on Moose Creek, two on Buffalo Creek and 
one on Premier Creek (see Figure 3-1 and Plate V-1).  Three stations at which both water quality 
and sediment sampling were conducted coincide with the stream flow monitoring stations discussed 
above (Stations 1, 4 and 5).  Two additional stations for water quality and sediment sampling were 
established, one on Premier Creek near its confluence with Moose Creek (Station 2) and one on 
Buffalo Creek near the outlet of Wishbone Lake (Station 3).  Finally, two additional stations at 
which only field parameters and sediment samples were taken, were established on Moose Creek 
near potential locations for pond outfalls (Stations 6 and 7).  The latter four stations were located in 
the field by flagged survey stakes.  No permanent monitoring equipment was installed at these 
locations. 
 
Water samples were taken from each of the seven sampling stations once each month.  The samples 
were collected and sent within 24 hours to Inter-Mountain Laboratories, Inc. of  Sheridan, 
Wyoming for analysis.  A Quality Assurance Plan describing the sample acquisition, transportation 
and analysis procedures is presented in Appendix A. 
 
Samples taken at the five water quality stations were analyzed for a comprehensive suite of 
parameters, as described in Appendix A.  At the two additional sediment collection stations, 
samples were collected for laboratory analysis of total suspended solids, total dissolved solids, and 
settleable solids concentrations. 
 
Field measurements were made at the time each water quality sample was taken.  These 
measurements include pH, conductivity, dissolved oxygen, alkalinity, temperature, and turbidity.  
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Measurements were made with portable electronic field meters. 
 
3.2  


3.2.1  Stream Hydrographs 
 
Stream discharge hydrographs were developed for the Moose Creek and Buffalo Creek gaging 
stations by applying a station specific stage-discharge relationship to the stage data for each station. 
Stage-discharge relationships were determined for Moose Creek (gaging Stations 1 and 5) by 
plotting the log of measured stage values versus the log of measured discharge values for each 
station.  A best fit curve was determined by applying a least squares linear regression of the data in 
log space.  The curve fit resulted in an estimate of the two parameters a and b relating stage to 
discharge in the form:   Q = ahb 
 
where for the upstream station (Station 1):  a = 13.64 and  b =  4.74 
and for the downstream station (Station 5): 
 Prior to Winter 1988/1989- - - - a = 1.524 and b = 4.864  
 After Winter 1988/1989- - - -  - a = 1.635 and b = 3.829 
 
The initial stage-discharge relationships were defined on the basis of seven flow measurements at 
Station 1 and upon six flow measurements at Station 5.  Following ice breakup in mid-April, 1989, 
the stage-discharge relationship at Station 5 was found to have changed significantly.  Thus, a 
different relationship was developed. 
 
Snow and glacial melt flows rose to over 500 cubic feet per second (cfs) by late June as expected.  
Because it was not physically possible to gage these flow magnitudes at Station 5, a substitute 
gaging station was established in late April at the Site Bridge, where an unimproved road crosses 
Moose Creek. 
 


Results 
 


Discharges values measured between late April and early June at the Site Bridge compare very well 
with corresponding measurements made at Station 5, as shown in Table 3-5.  While not all of the 
comparison measurements were made at similar times on the same day, flow magnitudes are nearly 
identical at the two stations.  The incremental increase in contributing drainage area between the 
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two stations is negligibly small.  As a result, the similarity of measurements obtained at the two 
stations is good. 
 
A new stage-discharge relationship was developed for Station 5 on the basis of three flow 
measurements made between late April and early June.  Measured flow values ranged between 40 
and 160 cfs during this period.  Because no flow measurements exceeding 160 cfs were available at 
Station 5 the high flow measurement at the Site Bridge was used to extend the stage-discharge 
relationship at that station.  This was accomplished by associating the data pod stage value at 
Station 5 with the discharge value measured at the Site Bridge at the time the measurement was 
made. 
 
 As a result, the current stage-discharge relationship for Station 5 is based on four measurements of 
discharge ranging between 40 and 550 cfs. 
 
Discharge measurements taken at the Site Bridge between late April and late June also allow the 
development of a stage-discharge relationship at this section, where: 
 a = 11.663 and b = 3.804. 
While no continuous stage recording equipment is located at this station, the relationship is useful 
due to the easy access to the station and the ease of obtaining continued discharge measurements, 
especially at high flows.  These measurements may be used to supplement and verify data collected 
at other stations and to help recalibrate stage-discharge relationships, at this station and others, as 
more data become available. 
 
The stage-discharge relationship for the Parshall flume on Buffalo Creek was provided by the 
manufacturer.  Because the flume is calibrated and was leveled when installed, the translation of 
stage data to discharge data is exact, and is not dependant upon the development of a best fit 
relationship based on a limited number of field measurements.  In this case the stage discharge 
relationship has the same form as those for Moose Creek, where: 
 a = 6.00 and b = 1.54 
 
The stage-discharge relationships are shown graphically in Figures 3-2 through 3-5, for Stations 1, 
5, and 4, and the Site Bridge, respectively.  The discharge measurement data for each station are 
included in Appendix H. 
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The fifteen minute stage values for each gaging station were converted to discharge values using the 
relationships defined above and plotted as discharge hydrographs, as shown in Figures 3-6 through 
3-8. 
 
The original placement of the downstream gaging station on Moose Creek (Station 5) under modest 
flow conditions at the end of summer resulted in problems (i.e., excessive fluctuation at low flow) 
with the pressure transducer at lower flows experienced in middle autumn.  As a result, the gaging 
station was moved a distance of approximately ten feet upstream on September 30, 1988.  Stage 
data used in generating the stage discharge relationship that were collected prior to this time were 
adjusted by adding 0.65 feet to be consistent with the data collected after the station was moved.  
No other corrections to the data were required due to the short distance of the move.  All other 
channel parameters within the vicinity of the station remained constant, both before and after the 
move, and apply equally well to both locations. 
 
 A storm event on September 22, 1988, resulted in the overtopping of the flume on Buffalo Creek 
(Station 4).  This probably resulted in a small error in the estimation of the actual discharge when 
applying the stage discharge relationship due to the increased roughness and width encountered by 
the flow on the floodplain.  The flow depth was outside the range for which the flume is calibrated. 
 The measured depth would indicate a greater discharge in a smooth metal flume than over a rough 
floodplain.  The width of the natural channel bank increases significantly with increased depth (see 
Figure 4-8).  However, a thin flow moving across a vegetated floodplain moves slowly, providing 
only a minor error in discharge estimation (see Figure 4-8). 
 
The Manning equation was applied to obtain another estimate of the actual peak discharge resulting 
from this storm.  Channel slope was taken from site topographic maps at a scale of one inch to 500 
feet, with a five foot contour interval (Plate 3-1).  Two intervals over a distance of 200 feet were 
used to determine the average local slope for this order of magnitude check.  Channel section 
parameters were estimated from photographs taken soon after the storm.  Roughness coefficients 
were estimated for the flume and for the channel bank.  The resulting calculated discharge was 
within 2 cfs of that provided by the stage discharge relationship.  Therefore, the estimate of the peak 
storm discharge shown on Figure 3-7 is considered reasonable. 
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Icing conditions, which are a normal occurrence on Moose and Buffalo Creeks, disrupted the 
continuous gaging data at all three stations during the winter months.  Station 1 on Moose Creek 
was least effected by the formation of boundary ice along the stream banks and by slush ice 
formation on the channel bottom.  However, in January and February, 1989, the stream at Station 1 
froze over and staff gage readings could not be taken.   
 
 The data pod at Station 1 was removed during January due to the possibility of damage occurring 
from a potential ice buildup similar to that occurring at Station 5.  At that time, it was discovered 
that the instrument had ceased functioning on January 1, 1989, and that the data pod itself was 
damaged by the extreme cold.  The data pod was serviced by the manufacturer. 
 
 Repair included upgrading of the power supply and face panel to withstand greater environmental 
extremes.  The data pod was reinstalled when conditions permitted on April 21, 1989, at which 
time continuous monitoring resumed.  A survey of the cross section and gaging of the stream using 
a Price Type A current meter were also completed at this time.  This data provides an additional 
point on the stage versus discharge curve for this station and indicates little change to the section 
during the winter. 
 
Freezing conditions began affecting the pressure transducer at Station 4 on Buffalo Creek on 
November 4, 1988.  The quiescent water in the stilling basin in which the transducer was placed 
began freezing at that time.  As a result, erroneous data were recorded until November 19, 1988.  At 
this time the stilling well was frozen solid, and significant ice had formed in the flume.  Monthly 
observations of water depth and approximate cross section shape were maintained throughout the 
winter months.  However, because ice buildup disrupted the control section of the flume, reliable 
estimates of discharge are not available during the period November, 1988 to January, 1989.  By 
January, the channel was completely frozen and there was no measurable flow in Buffalo Creek at 
this station. 
 
Measurable amounts of water began flowing in Buffalo Creek in March.  The flume and stilling 
well were still ice bound, however.  The transducer was removed during the March site visit for 
servicing and repair of suspected ice damage.  The data pod was serviced at the same time, 
receiving the same upgrades as the data pod at Station 1.  Enough ice remained in the flume and 
stilling well to prevent reinstallation of the transducer and data pod until April 28, 1989.  
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Continuous monitoring resumed at this time.  A cross section survey and stream gaging with a 
Pygmy type current meter were completed to confirm section geometry.  The survey indicated that 
the flume heaved relative to the stilling well approximately 0.05 ft.  Because the potential damage 
to the flume exceeded the marginal benefit of being perfectly level, the flume was not releveled.  
Errors in the accuracy of flow measurements due to this small amount of heaving are not 
significant.  Local gaging was completed to estimate potential flow losses under or around the 
flume due to ice heaving.  No significant losses were detected. 
 
 Formation of boundary ice along the margins of the stream, slush ice along the streambed upstream 
of Station 5, and formation of an ice dam downstream of the station began affecting the data at this 
station on November 2, 1988.  Ice redirected the flow and changed the shape of the cross section 
significantly, invalidating the stage versus discharge relationship upon which discharge at this 
station had been calculated previously.  In addition, the ice dam downstream created a backwater 
condition at Station 5, which was also not accounted for in the initial stage versus discharge 
calibration.  Severe ice conditions and the presence of the ice dam dominated the cross section until 
mid-April, 1989.  As a result, the discharge hydrograph for the period of November 2 through April 
27 was estimated from station 1 data and two stream gauging measurements in March and April, 
1989. 
 
The data pod at Station 5 was removed during January, 1989, because several feet of ice buildup 
was threatening the instrument.  Upgrades of the power supply and main panel were made in 
addition to routine servicing at this time.  The data pod was reinstalled on April 21, 1989.  
Continuous monitoring began at this time.   
 
3.2.2  Moose Creek Water Balance 
 
Two sets of discharge measurements were completed for a reach of Moose Creek which borders the 
proposed Permit Area.  The measurements were used in a water balance analysis to estimate local 
losses from or gains to sub-reaches of the channel along the proposed permit boundary.  The first 
set was completed in November, 1988, and included measurements at Stations A and B, braid B, 
tributaries C and D, and Stations on Buffalo and Premier Creeks (see Plate V-1).  The second 
measurements were completed in April, 1989, at Stations I, II, III, IV, at tributaries C and D, and at 
permanent Stations 2 and 4 (also shown on Plate V-1).   
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Both sets of discharge measurements were made during periods of relatively low flow, and 
represent base flow conditions on Moose Creek.  Icing conditions were just beginning to affect 
flows measured in November, 1988, and snow had begun to accumulated on the ground.  The 
majority of ice and snow along Moose Creek had recently melted in the two weeks preceding the 
April, 1989, measurements leaving bare ground from the stream channel to the ridge top, excepting 
nivation hollows and some ice along the stream margins.  No precipitation fell on either occasion, 
and the diurnal flux in stage at Station IV was observed to be less that 0.2 feet during the April 
measurements. 
 
The November, 1988, measurements were used to estimate the net gain to, or loss from, a 1.7 mile 
reach of Moose Creek.  The sum of inflow from Moose Creek Station B, Buffalo Creek, Premier 
Creek and tributaries C and D was estimated to be 66 cfs.  The sum of outflow leaving Moose 
Creek Station A and Braid B was estimated to be 59 cfs.  The difference was a net loss of 7 cfs over 
a distance of approximately 1.7 miles.  During these stream flow measurements, an error percent of 
7 percent or 4 to 5 cfs, was estimated for conditions existing in early November. 
 
The April, 1989, measurements were taken to estimate gain to, or loss from, an overall 1.95 mile 
reach of Moose Creek and to estimate net gain, or loss from, three sub-reaches measuring 
approximately 2770, 1580, and 5940 feet, respectively.  Measurements of inflow at Station IV, 
Buffalo Creek, Premier Creek and tributaries C and D totaled approximately 45 cfs.  An additional 
4.5 cfs of non-point inflow between Stations I and II increased the total inflow to 49.5 cfs.  Outflow 
at Station III was approximately 47 cfs, indicating a net loss of 2.5 cfs over the 1.95 mile reach of 
Moose Creek.  Estimated error in stream flow measurements is on the order of 4 cfs. 
 
Measurements taken at intermediate Stations I and II indicated both local gains and losses within 
the overall reach.  From Station IV to Station I, flow increased from 36 to 37 cfs.  Since the inflow 
from Buffalo Creek along this reach was approximately 1 cfs, this sub-reach had no measurable net 
gain or loss.  From Station I to Station II, flow increased from 37 to 42 cfs.  Inflows from tributaries 
C and D were estimated to total 0.3 cfs, resulting in a net gain through this sub-reach of over 4.5 cfs 
from non-point inflows.  From Station II to Station III, flow increased from 42 to 47 cfs.  However, 
the inflow from Premier Creek along this sub-reach was approximately 8 cfs, which indicated a net 
loss of approximately 3 cfs through the sub-reach. 
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Observations of inflow to Moose Creek from springs, seeps and non-point sources was very 
difficult in November due to snow cover and icing conditions on the stream.  In April, snow had 
melted from most of the area over the previous several weeks.  The ground was still frozen below a 
depth of two to five inches, and the top soil layer varied in moisture content from quite damp to 
almost dry to the touch. 
 
During the April sampling, several springs or seeps were noted flowing into tributaries feeding 
Moose Creek from the bank opposite the mine site.  In the case of tributaries C and D, there were 
multiple sources of this flow.  Inflow was observed flowing downhill from the higher elevations of 
the drainage basin to the northwest.  In addition, water was observed flowing into the tributaries 
from alluvial gravels lying between the tributary and Moose Creek, on the outboard, down gradient 
side of a broad bend in Moose Creek.  The source of this inflow was most likely Moose Creek 
itself.  No point sources of inflow to Moose Creek were observed on the mine site side of Moose 
Creek, and no significant tributaries entered Moose Creek from this direction with the exception of 
Buffalo Creek. 
 
Field observation and gaging measurements indicate that Moose Creek both gains water from and 
loses water to the alluvial sands and gravels lining its bed as it flows through the reach bordering 
the proposed permit boundary.  Both sets of flow measurements were made under base flow 
dominated conditions.  Neither measurement indicated that Moose Creek gains or loses significant 
quantities of water along its reach adjacent to the proposed mine area.  Buffalo Creek inflows were 
a small portion (between three and four percent) of the flow in the upper reach during both sets of 
measurements.   
 
The upper portions of the reach apparently gained water from tributary, spring, and non-point 
inflows, as indicated by April, 1989 flow measurements.  April measurements showed a five 
percent net loss in the lower portion of the reach, between Stations II and III, and a similar overall 
loss for the entire reach.  November, 1988 measurements showed slightly higher flows, with 
corresponding higher loss of approximately 10 percent through the entire reach.  With respect to the 
estimated error in the measurements, the magnitude of the loss is small.  Based on observations 
made in the field, Moose Creek locally gains or loses flow to the adjacent stream alluvium.  Thus, it 
is possible that the apparent losses observed in the water balance measurements are to stream 
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alluvium and may therefore re-enter Moose Creek further downstream. 
 
These observations and conclusions are consistent with groundwater data (see Part C, Chapter IV) 
which showed the groundwater table to be above the elevation of Moose Creek in the upper sub-
reach and below the streambed in the lower sub-reach.   
 
3.2.3  Grain Size Analysis 
 
 Sieve and hydrometer grain size analyses (ASTM D422-63) were completed on five samples from 
old stockpiles (S-1 through S-5), two composite samples from shallow well cuttings (two discrete 
samples each from H88-21 and 22), and four discrete cuttings samples from each of two deep wells 
(H88-10 and 12).  The locations for each sample are shown on Plate V-1.  The grain size 
distributions vary widely, from mostly gravel to mostly silts, and are included in Appendix B.   
 
The surficial samples were taken from five separate locations on weathered stockpile material left 
from previous mining efforts on the site.  Grab samples were taken by hand after the weathered 
surface material (2 to 10 cm depth) had been scraped away.  A minimum of five subsamples were 
composited to form each of the five samples taken. 
 
 Four of the old stockpile samples were predominantly well sorted sands, with small amounts of silt 
and less gravel.  The fifth sample was similar, but had a more uniformly graded sand distribution. 
 
The samples of both shallow (i.e., glacial sediments) and deep (i.e., sedimentary bedrock) well 
cuttings were taken after drilling operations had been completed.  A description of the drilling 
operations is provided in Part C, Chapter IV.  Efforts were made to penetrate the cuttings piles, and 
remove interior samples.   
 
The two shallow well composite samples of glacial sediments were quite different from one 
another:  one was 65 percent gravel, 23 percent sand, and 12 percent silt and clay; the other had 
very little gravel, 50 percent sand and 45 percent silt and clay.  The two wells were on opposite 
sides of the mine site. 
 
 A marked difference also existed between the deep well cuttings size distributions.  However, the 
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four discrete samples for each well had size distributions which closely paralleled one another 
throughout the entire particle size range.  The results may be considered as composite samples, one 
from each well.  The wells are also on opposite sides of the mine site.  One sample was almost 
uniformly graded between fine gravel and fine silt.  The other was 85 percent uniformly graded silt 
and clay with the remaining 15 percent uniformly graded from fine sand to fine gravel.   
 
3.2.4  Water Quality 
 
 Laboratory analyses of surface water samples were conducted by Inter-Mountain Laboratories, Inc. 
 The original laboratory reports of analytical data are presented in Appendix C along with 
laboratory QA/QC procedures and detection limits. 
 
Field parameters for the monthly surface water sampling are presented in Table 3-1.  Results of the 
laboratory analyses of monthly surface water samples are presented in Table 3-2. 
 
Field measurements and laboratory analyses of surface water samples collected from July, 1988 
through June, 1989, indicate that Moose, Buffalo, and Premier Creeks all have good water quality 
(i.e., acceptable for all or most uses such as drinking, agriculture, or fisheries).  The waters have 
near neutral pH, low hardness (15 to 59 mg/l), moderate alkalinity (11-113 mg/l), and almost no 
acidity. 
 
Field conductivity measurements ranged from 40 to 189 μmhos/cm, indicating low salinity content. 
 (The 241 μmhos/cm value, measured at Station #4, Buffalo Creek, was anomalous with respect to 
other measurements of specific conductance made at this station.)  Measurements in Buffalo Creek 
generally ranged from 40 to 70 μmhos/cm, and were slightly lower than measurements for the other 
stations. 
 
Dissolved oxygen concentrations in surface waters were typically above 10 mg/l, and ranged from 
6.3 to 14.8 mg/l.  These values were at or near the maximum solubility limit for oxygen in water. 
 
Nutrient content was low.  Total organic phosphorous concentrations were less than 0.083 mg/l, 
and total Kjeldahl nitrogen concentrations were less than 1.6 mg/l.  Nitrate concentrations were also 
low, less than 0.94 mg/l, and nitrite not detected above the detection limit of 0.01 mg/l. 
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Calcium, magnesium, sodium and potassium were present at concentrations typical of natural 
waters.  Chloride and sulfate were present at concentrations up to 9 and 18 mg/l, respectively.  
Calcium and bicarbonate were the predominant dissolved chemical constituents in the surface 
waters, while sodium, potassium and magnesium were of secondary importance.  Surface waters 
from the Buffalo Creek sampling stations contained relatively higher amounts of sodium, 
potassium, and magnesium than waters from the other sampling stations. 
 
The concentrations of trace metals in surface water samples were generally quite low.  Dissolved 
arsenic, barium, chromium, mercury, and selenium were not detected in any of the monthly surface 
water samples at concentrations above the detection limits.  Dissolved cadmium at a concentration 
equal to the detection limit of 0.002 mg/l was detected once in Buffalo Creek.   Dissolved 
aluminum, copper, lead, iron, manganese, and zinc were detected in several samples as indicated in 
Table 3-2, but concentrations were always at or near the detection limits for these constituents. 
 
Results of analysis for total chromium, iron, and manganese are also shown in Table 3-2.  Total 
chromium was not detected in any of the surface water samples.  Total manganese was detected in 
five samples at or near the detection limit.  Total iron was detected in surface waters at 
concentrations up to a maximum of 2.43 mg/l.  Total iron concentration in Moose Creek was 
relatively low (<0.05 to 0.30 mg/l).  Iron concentrations in Premier Creek were higher (0.06 to 1.42 
mg/l) and Buffalo Creek contained concentrations ranging from 0.09 to 2.43 mg/l. 
 
Surface waters from the study site can be classified based on the predominant dissolved ionic 
species using the graphical representations of Stiff (1951) and Piper (1944).  Based on the analytical 
results, the compositions of the monthly surface water samples for each of the five stations were 
plotted on a trilinear diagram (Figures 3-9 through 3-13).  The trilinear diagrams indicate that all 
surface waters at the site were predominantly calcium-bicarbonate in composition.  Minor 
variations in water composition can also be identified.  Buffalo Creek had a more dominant 
bicarbonate composition than the other streams.  Surface waters at Moose Creek Stations 4 and 5 
had relatively less bicarbonate and relatively more sulfate than waters from the other streams.  
Station 3 in Buffalo Creek showed a wider variability in the calcium-magnesium composition than 
the other sampling stations. 
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Stiff diagrams were plotted for the surface water sampling stations located on Moose, Buffalo and 
Premier Creeks (Figure 3-14).  Stiff diagrams were constructed using average values for each 
individual anion and cation at each station.  These diagrams illustrate the difference in water 
composition at each of the sampling locations in addition to the predominant calcium-bicarbonate 
character of the surface waters in general. 
 
Figures 3-15 and 3-16 present trend analyses which compare the concentrations of selected 
parameters with time.  Field pH values shown in Figure 3-15 are neutral to very slightly acidic for 
all surface waters and show very minor changes with time.  Total dissolved solids (TDS) are seen in 
Figure 3-16 to increase in Moose Creek with time during the record of measurement from July, 
1988 to May, 1989, then decrease rapidly in late summer.  Values for TDS in Buffalo Creek are 
generally lower than values measured at the other sampling sites.   
 
3.2.5  Sediment Load 
 
Sediment concentrations were analyzed during the monitoring period from July, 1988 to June, 
1989.  Sediment concentrations prior to April, 1989, were relatively low.  However, turbidity and 
total suspended solids (TSS) in April and May indicated an increase in the sediment concentrations, 
most likely due to the larger icemelt and snowmelt flows during those months.  Data presented in 
Tables 3-1 and 3-2.  TSS were measured up to 48 mg/l, but were generally from 1 to 10 mg/l.  
Settleable solids were at or near the detection limit of 0.1 mg/l.  Turbidity measurements ranged 
from 0.24 to 20.0 NTU, and were highest during the September, 1988 and April, 1989 sampling 
events. 
 
Low sediment loads are probably typical of the flows sampled over the November, 1988 to March, 
1989 period.  Low flows were predominate from November through March, resulting in a 
minimum of streambed and bank erosion.  Snow cover and freezing conditions which began in 
October kept sediment delivery to streams at a minimum.  Turbidity and TSS  measurements made 
during the spring runoff indicated a large increase in sediment load.  Turbidity values typically 
increased an order of magnitude, 0.50 NTU to 8 NTU or greater, between the March and April, 
1989 sampling rounds for Premier and Moose Creeks, and distinct peaks were evident during 
August and September, 1988.  Spring runoff and storm events in late summer and early autumn are 
expected to carry higher sediment loads resulting primarily from bank erosion and possibly 
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overland flow.   
 
Time trend analyses for turbidity (Figure 3-17) indicate that maximum values were observed during 
April, 1989 at all the stations except Station 3 on Buffalo Creek and Station 5 on Moose Creek.  
The maximum value measured at Station 3 was during August, 1988, while the maximum value 
measured at Station 5 was during September, 1988.  Prior to the spring runoff, maximum turbidity 
values were observed in September, 1988 with the exception of Station 4, which was not sampled 
at that time due to equipment malfunctions, and Station 3 as mentioned above.   
 
The concentration of TSS versus time is graphed in Figure 3-18.  TSS values for Premier Creek 
were generally higher than values measured at sampling stations along the other streams. 
 
 Table 3-3 contains a list of turbidity, TSS and settleable solids values from Stations 1, 4, and 5, and 
corresponding discharge measurements from the gaging stations.  These data were used to correlate 
turbidity and TSS with discharge for Stations 1 and 5 on Moose Creek and Station 4 on Buffalo 
Creek.  The turbidity verses discharge plots are shown in Figures 3-19 through 3-21, while TSS 
verse discharge plots are shown in Figures 3-22 through 3-24.   
 
4.0  SURFACE WATER ANALYSIS 
  
4.1  


Moose Creek drains an area of approximately 49.6 square miles, and flows into the Matanuska 
River six miles upstream from the city of Palmer (see Figure 4-1).  The watershed is approximately 
15 miles long and 4 miles wide, with its long axis oriented north-south.  The terrain has high relief, 
with elevations between 325 and 6800 feet (MSL), and several small glaciers cap the ridges on the 
east side of the watershed.  Based on the USGS 1:63360 scale quadrangle map D-6 (Anchorage 
Quad) the watershed is estimated to have approximately two percent of its area covered by glaciers. 
 The majority of the watershed is characterized by steep unforested rocky slopes of the Talkeetna 
Mountains.  The lower elevations at the south end of the watershed are characterized by kettle lakes 
and surface depressions left by retreating glaciers.  Moose Creek is deeply incised as it crosses these 
lowlands, forming Tsadaka Canyon, before flowing into the Matanuska River at approximately 325 
feet elevation, (MSL).  The streambed is comprised mainly of large boulders, cobbles and gravels, 


Watershed Description 
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and some sections of the channel are braided. 
 
The Moose Creek watershed is located on a boundary between transitional and continental climate 
zones as defined by Searby (Hartman and Johnson, 1978).  The area has a mean minimum January 
temperature of 4° Fahrenheit, and a mean maximum summer temperature of 68° Fahrenheit, which 
occurs in July (NOAA, 1987). 
 
Average annual precipitation and snowfall for the Matanuska River Station at Palmer, six miles 
downstream from the Moose Creek confluence, are 35 inches and 80 inches, respectively (USGS, 
1980).  The Little Susitna River watershed borders the Moose Creek watershed to the west, and 
drains 62 square miles.  Average annual precipitation and snowfall for this watershed are both 50 
inches.  More detailed meteorological data are presented in Part C, Chapter VII.  
 
The Little Susitna River watershed is hydrologically similar to the Moose Creek watershed.  The 
USGS (1980) reports that the Little Susitna River has a channel length of 15 miles, an average 
slope of 187 feet per mile, a mean elevation of 3,700 feet (MSL), with 16 percent of its area 
covered by forest and 5 percent covered by glaciers.  Table  4-1 contains a summary of drainage 
basin characteristics for Moose Creek, the Little Susitna River and the Matanuska River basins. 
 
The proposed Permit Area occupies approximately 2.5 square miles in the lower portion of the 
Moose Creek watershed, approximately three miles upstream from the Matanuska River.  The 
northwest portion of the proposed Permit Area boundary parallels Moose Creek.  A channel profile 
of Moose Creek, from the Glenn Highway below the proposed Permit Area to Station 1 above the 
proposed Permit Area, is included in Figure 4-2.  Typical channel cross sections surveyed at 
Stations 1 and 5 on Moose Creek are shown in Figure 4-3. 
 
Two tributaries are located in or near the proposed Permit Area:  Buffalo Creek, which originates in 
Wishbone Lake and crosses the proposed Permit Area to flow into Moose Creek; and, Premier 
Creek which flows into Moose Creek from the north and is not within the proposed Permit Area 
boundary.  A channel profile of Buffalo Creek from Moose Creek to Wishbone Lake is shown in 
Figure 4-4.  Cross sections surveyed at locations 1 and 2 (See Plate V-1) and Sampling Stations 3 
and 4 are shown in Figures 4-5 through 4-8, respectively.   
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Numerous smaller unnamed tributaries flow into Moose Creek along the proposed Permit Area 
boundary.  These unnamed tributaries enter Moose Creek from the north and do not drain the 
proposed Permit Area. 
 
The surface drainage pattern within the proposed Permit Area is delineated in Plate V-1.  
Topographically, the proposed Permit Area is marked by many closed depressions as a result of the 
glacial features (e.g.,eskers) which occur in the area.  Surface runoff within these closed drainage 
basins flows into depressions and then infiltrates into the soil and recharges groundwater. 
 
Buffalo Creek is the only significant tributary of Moose Creek that crosses the proposed Permit 
Area.  The drainage area of Buffalo Creek (as measured from site maps at a scale of 1 inch to 500 
feet, supplemented by USGS maps (USGS, 1951)) is 0.89 sq. mi.  Buffalo Creek originates at the 
outlet to Wishbone Lake.  The channel composition varies from Wishbone Lake to Moose Creek, 
but is typically composed of gravels, sands, and some silt.  The creek flows through steep rock lined 
ravines to the broad and thickly vegetated floodplain of Moose Creek. 
 
4.2  


4.2.1  Normal Flows 
 
 Stream flow in the watershed generally followed the seasonal fluctuations described in Section 2.3. 
 During the baseline monitoring period discharges occurred in the late spring, due to snow melt 
runoff coupled with mild rainfall, and also in the late summer and early autumn, due to seasonal 
rainstorms.  In the latter case, peak discharge resulted from storms lasting several days, under wet 
antecedent conditions.  Late summer low flows, which were fed by continued snow melt, did not 
reach the low flow levels of winter, when snow melt was not a factor. 
 
Three stream gaging stations have been in operation on Moose and Buffalo Creeks since August 31, 
1988, with exceptions noted due to winter conditions (see Section 3.2.1).  Flows were observed to 
be steadily decreasing in Moose Creek from this time until late April, 1989, with the exception of 
several storm events in September, 1988.  The largest observed autumn discharge was the result of 
a three to four day precipitation event.  Rain fall was not particularly intense, but was steady for 
much of the storm duration.  


Streamflow 
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Winter low flows dominated Moose Creek from November, 1988 through April, 1989, and were 
most probably sustained by seasonal recession of groundwater into the stream.  The lowest flows 
were observed in February and March, 1989, when extremely cold temperatures and precipitation 
occurred in the form of snow. 
 
Following breakup in late April, 1989, flows in Moose Creek steadily increased with melt waters 
until late June, 1989, at which point flows began to decrease towards the late summer low flows. 
 
4.2.2  Estimated Peak Flows 
 
     4.2.2.1  Moose Creek 
 
Historical stream flow data for Moose Creek do not exist.  The gaging data collected during 
baseline monitoring, from August, 1988 to July, 1989, are insufficient to estimate peak discharge 
for floods of various recurrence intervals.  A regional analysis was attempted following the 
procedures in Dunne and Leopold (1978).  However, there are an insufficient number of basins for 
which gaging data exist similar enough to the Moose Creek basin, therefore, a valid regional flood 
frequency curve could not be developed.  This was determined by the failure of a homogeneity test 
which was applied to five of the basins in the Cook Inlet region. 
 
As a result of the lack of applicable gaging data, the best available estimate of peak flows was 
attained by making use of stream gage data for the Little Susitna River.  This watershed is adjacent 
to the Moose Creek watershed and has a similar area, orientation, slope, climate, vegetation and 
geology.  Little Susitna River and Moose Creek watershed data are compared in Table 4-1. 
 
Twenty-eight years of discharge data are available for the Little Susitna River through water year 
1976.  Based on these data, estimates of peak discharge for floods with 2-, 5-, 10-, and 50-year 
recurrence intervals (return periods) were made for the Little Susitna River near Palmer, Alaska 
(Freethey and Scully, 1980).  The flood frequency values were plotted and a line of best fit was 
drawn to extrapolate the 100-year recurrence interval (r.i.) flood discharge.  From the curve of best 
fit, the station's Mean Annual Flood (MAF) was taken as the discharge with a 2.33-year r.i.  This 
MAF was used to normalize the peak discharge values by dividing the flood discharge for each r.i. 
by the MAF.  The ratio of peak discharge to MAF was then plotted against recurrence interval. 
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Because of the similarity between the Moose Creek and Little Susitna River watersheds, it is 
appropriate to use the ratio of the Little Susitna River's MAF to its drainage area to estimate the 
MAF for Moose Creek.  The MAF for the Little Susitna River is 2,090 cfs, and the drainage area is 
61.9 square miles.  The drainage area of the Moose Creek watershed is 49.6 square miles, resulting 
in a MAF of 1,675 cfs.  By applying this MAF for Moose Creek to the ratio of peak discharges 
(Qpk) to MAF at different recurrence intervals described above for the Little Susitna River, it is 
possible to estimate the peak discharge for Moose Creek at each of these recurrence intervals.  The 
following flood frequency values for Moose Creek were estimated: 
 


  Recurrence Interval (Year) 
 
 2 5 10 25 50 100 
Ratio of Qpk to MAF 0.943 1.450 1.862 2.484 3.025 3.631 
Estimated Peak Flows (cfs) 1580 2430 3120 4160 5065 6080 
                                                                
     4.2.2.2  Buffalo Creek 
 
Buffalo Creek is an ungaged sub-basin within the Moose Creek watershed, comprising 
approximately 580 acres, extending from, and including Wishbone Lake to its confluence with 
Moose Creek.  The creek crosses the mine permit boundary in the vicinity of planned pit 
excavations.  Because the sub-basin is so small (less than one square mile), a regional analysis for 
determining peak flows on Buffalo Creek is inappropriate.  In addition, there are no similarly sized 
catchments in the area for which stream gage data exist.  Therefore, to estimate peak flows, the 
HEC-1 Flood Hydrograph Package, a numerical computer model, was applied to the Buffalo Creek 
sub-basin. 
 
Developed by the U.S. Army Corps of Engineers, HEC-1 is commonly used to evaluate storm 
runoff, develop discharge hydrographs, route flows downstream, and route flows through reservoirs 
and dams.  The program is well accepted in the engineering community and is used in all aspects of 
surface water flow and flood design engineering. 
 
 As applied to Buffalo Creek, the model used the Soil Conservation Service (SCS) Curve Number 
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(CN) method to compute run-off volumes for discrete time steps throughout the design storm.  A 
rainfall time distribution was specified for the site as Type I (SCS 1972), which applies to Alaska.  
This distribution specifies the fraction of the storm volume which falls in each time increment.   
 
The Buffalo Creek sub-basin was broken down into three components:  Wishbone Lake and its 
contributing drainage area, a similar area just north of the lake which is a "dry arm" or marshy area 
with its contributing drainage area, and the channel of Buffalo Creek which accepts flow from both 
of the previous areas.  While the area draining into the Buffalo Creek channel can be further 
subdivided based on topography and vegetation, average flow lengths were used to characterize the 
region as a single area. 
 
The incremental runoff volumes for each area were routed to Wishbone Lake by the SCS 
Dimensionless Unit Hydrograph and to the dry arm and to Buffalo Creek by the kinematic wave 
method.  Typical lengths and slopes were computed using topographic maps at a scale of 1 inch to 
500 feet.  Travel time for the Wishbone Lake area was computed using the SCS Upland Method.  
Flow was routed through Wishbone Lake using storage routing based on topographic map data.  
Outflow from Wishbone Lake was assumed to behave as flow across a broad crested weir ten feet 
wide with a discharge coefficient of 3.087.  Flows from Wishbone Lake and the dry arm were 
summed to develop a discharge hydrograph.  This hydrograph and the additional runoff from the 
Buffalo Creek channel area were routed down the Buffalo Creek channel to its confluence with 
Moose Creek.  The routed hydrograph was the final output from the model.   
 
The primary input data to the model were drainage area, rainfall distribution, SCS Curve Number, 
the time of concentration and surface roughness for overland flow, and storm volume.   
 
Three storm events were modeled for Buffalo Creek:  the 2-year, 24-hour storm (2 inches 
precipitation); the 25-year, 24-hour storm (3 inches); and the 100-year, 24-hour storm (4 inches).  
The results indicated significant attenuation of flow through Wishbone Lake.  Runoff volumes and 
peak discharge values at the confluence with Moose Creek were consistent with the drainage area 
when compared with Moose Creek peak flows for the same recurrence interval storms.  The results 
are summarized in the following table: 
 
 







 
 


 V-28 WBH 2009 Update 
 


 


Recurrence Interval 2 25 100 
Peak Discharge (cfs) 47 147 245 
                                                               
Detailed model input and complete model output for each storm analysis are included in Appendix 
F. 
 
4.2.3  Flood Plain Determination 
 
The 100-year floodplain for Moose Creek within the proposed Permit Area was evaluated using the 
U.S. Army Corps of Engineers HEC-2 computer model (U.S. Army Corps of Engineers, 1982).  
The estimated 100-year discharge of 6080 cfs was used as steady inflow through the stream.  No 
lateral or tributary inflows were considered in the analysis.  This simplification is consistent with 
the use of the peak discharge as inflow to the reach.   
 
Eighteen cross sections, spaced 1,000 feet apart, were used to describe the stream channel and 
adjacent floodplain.  The cross sections were developed from a site topographic map with a scale of 
1 inch equals 500 feet and a contour interval of five feet.  The topographic information was 
supplemented by interpolating elevations between contours to reflect local topographic highs and 
lows.  Because the slope of the channel is in excess of 200 feet per mile, super-critical flow was 
assumed.  The Manning's coefficient for channel roughness was selected as 0.05 to represent a 
mountain stream with no vegetation in the channel and a channel bottom of cobbles with large 
boulders.  The floodplain roughness coefficient was selected as 0.10 to represent medium to dense 
brush in summer or a heavy stand of trees, a few down trees, with little undergrowth (Chow, 1959). 
 
 Model results include the water surface elevations, water depth, starting and ending stations of the 
flooding, and top width of the inundated portion of the floodplain.  These values were used to 
delineate the 100-year floodplain at the selected cross sections.  Between cross sections, the 
flooding was delineated using interpolated water surface elevations. 
 
The HEC-2 program can model flooding associated with discharge in a stream which has a 
prescribed ice cover.  It cannot model flooding associated with the formation of ice cover and ice 
dams, nor can it model flooding associated with breakup.  Therefore, the floodplain delineated on 
Plate V-1 represents the extent of flooding associated with storm water runoff only, as could be 
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expected to occur in late summer.  It does not represent potential flooding associated with ice 
damming on Moose Creek.   
 
4.3  


4.3.1  Streams 
 
Field observations, surveys and measurements indicate potential interaction between surface 
streams and the groundwater contained in shallow alluvial deposits in and around the stream 
channels.  In general, the reach of Moose Creek which flows along the permit boundary is in a 
braided, gravel bedded channel.  The gravel channel deposits are relatively shallow and rest on or 
near bedrock.  This is consistent with the morphology of the channel which appears to be that of an 
oversized stream in a glaciated valley.   
 
The water balance analyses presented in Section 3.2.2 indicate that the lower portion of the reach of 
Moose Creek bordering the permit boundary loses water to the streambed deposits.  Upstream of 
this reach, Moose Creek is gaining water from local tributaries and from non-point source inflows.  
Measurements and observations along tributaries C and D (see Plate V-1) indicate that flow leaves 
the Moose Creek channel, flowing through the alluvial gravels into the tributaries and then back 
into Moose Creek.  These observations are consistent with the observed channel morphology, and 
the conclusion that water is flowing out of the stream into permeable gravels and then back into the 
stream further down gradient.   
 
It is possible that a small fraction of the water entering the alluvial materials may recharge the 
groundwater system in glacial sediments and bedrock, where hydraulic gradients permit.  Based on 
the stream flow measurements taken to date and hydrogeological data (see Part C, Chapter IV), it is 
unlikely that large quantities of water are leaving Moose Creek into the groundwater system in the 
vicinity of the mine permit boundary.  Hydrogeological data presented in Chapter IV indicate that 
the water levels in the old underground Premier Mine workings are below the Moose Creek 
channel.  However, the small losses seen in this reach of Moose Creek do not support the concept 
of a strong hydraulic connection between the stream and the bedrock groundwater system in this 
location.  Additional information on potential surface water and groundwater interactions is 
presented in Part C, Chapter IV. 


Surface and Groundwater Interaction 
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4.3.2  Overland Flow 
 
In and beyond the southern portion of the watershed, the terrain is very irregular and dominated by 
surface depressions.  The topography is such that there are no streams draining this region.  The 
depressions form enclosed basins, and all water loss is either due to evapotranspiration or to 
infiltration to groundwater.   
 
4.4  


4.4.1  General Surface Water Chemistry 
 
Water quality data indicate that the surface waters of the Moose Creek watershed are of high quality 
when compared to most water quality standards.  Ranges and means of chemical characteristics of 
surface waters monitored in and near the Permit Area are provided in Table 4-2.   
 
There is no evidence of physical or biological pollution in the surface waters.  Acidity and pH 
values show no remaining adverse effects from previous mining activities.  Concentrations of all 
dissolved priority pollutant metals are below detection limits.  Sediment concentrations are 
generally low. 
 


Water Quality 
 


4.4.2  Suitability Classification 
 
 Water quality criteria for the State of Alaska are promulgated in the Alaska Water Quality 
Standards, 18AAC.70.  The water quality criteria are combined with the water use designation (e.g. 
drinking, agricultural, aquacultural) to determine the water quality standard for a particular water 
body.  Alaska Water Quality Standards incorporate by reference Federal Primary and Secondary 
Drinking Water Standards.  Table 4-3 lists Federal Drinking Water Standards along with maximum 
concentration of constituents measured during the baseline monitoring program from July, 1988 to 
June, 1989. 
 
As indicated in Table 4-3, the streams generally met Federal Primary Drinking Water Standards for 
those parameters tested.  Only turbidity concentrations are above the Federal Secondary Drinking 
Water Standards.  The Secondary Standard of 5 turbidity units was exceeded once at station #1 on 







 
 


 V-31 WBH 2009 Update 
 


 


Moose Creek, once at Station #7 on Moose Creek, twice at Station #3 on Buffalo Creek, and three 
times at Station #2 on Premier Creek (see Figure 3-12 for plots of turbidity versus time).  No 
significant water quality problems have been identified in surface waters of the Moose Creek 
watershed. 
 
Water quality standards of agricultural and irrigation uses were promulgated in Section (1) (A) (iii) 
of 18AAC.70.  Surface waters in the proposed Permit Area meet these standards with one 
exception.  Concentrations of boron equaled or exceeded the standard of 0.3 mg/l eleven times 
during the period from July, 1988 to June, 1989, at least once in Stations 1 through 5.  The 
maximum concentration was 0.46 mg/l. 
 
The State of Alaska applies additional water quality standards under 18AAC.70 to regulate human 
activities which result in alteration to waters within the jurisdiction of the State.  Standards were 
developed for different types of water use, including: 
 
A.  Water supply 
 (i)   drinking, culinary and food processing 
    (ii)  agriculture, including irrigation and stock watering 
    (iii) aquaculture 
    (iv)  industrial 
 
B.  Water recreation 
    (i)   contact recreation 
    (ii)  secondary recreation 
 
C.  Growth and propagation of fish, shellfish, other aquatic life, and wildlife 
 
Unless otherwise designated, the most stringent standards applicable under each use apply to 
Moose Creek.  Standards under particular use categories for several water quality parameters 
relevant to the proposed project include: 
 


• Sediment - "No increase in concentrations of sediment, including 
settleable solids, above natural conditions" (water supply-drinking water). 
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• Dissolved Gas - "Dissolved oxygen shall be greater than 7 mg/l in waters 


used by anadromous and resident fish.... In no case shall dissolved 
oxygen above 17 mg/l be permitted." (Growth and Propagation of Fish, 
Shellfish and other Aquatic Life and Wildlife). 


 
• pH - "Shall not be less than 6.5 or greater than 8.5.  Shall not vary more 


than 0.5 pH units from natural conditions.  If the natural condition pH is 
outside this range, substances shall not be added that cause an increase in 
buffering capacity of the water" (Water Recreation - contact recreation). 


 
• Turbidity - "Shall not exceed 5 NTU above natural conditions when the 


natural turbidity is 50 NTU or less, and shall not have more than 10% 
increase in turbidity when the natural turbidity is more than 50 NTU, not 
to exceed a maximum increase of 15 NTU" (Water Recreation -contact 
recreation). 


 
• Dissolved Inorganic Substances - "Total dissolved solids from all sources 


shall not exceed 500 mg/l.  Neither chlorides nor sulfates shall exceed 
200 mg/l" (Water Supply - drinking water). 


The standards potentially apply to any releases of water at the site during operational and post 
closure periods. 
 
Under the U.S. Department of Agriculture classification of irrigation waters with regard to sodium 
and salinity hazards, the waters of Moose and Buffalo Creeks are of high quality.  The maximum 
specific conductance (a measure of salinity) measured to date in the field is 241 μmhos/cm, and the 
maximum sodium absorption ratio (SAR) measured by the laboratory is 0.96.  Together, these 
measurements indicate a class C1-S1 condition or low salinity, low sodium waters.  These waters 
may be used "...for irrigation with most crops on most soils with little likelihood that soil salinity 
will develop" and "...on almost all soils with little danger of development of harmful levels of 
exchangeable sodium" (Schwab, et al., 1971). 
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4.4.3  Comparison of Site and Regional Water Quality 
 
Limited information is available on water quality in the region around the site.  Some historical 
data, however, have been published by the U.S. Geological Survey (USGS, 1971).  Chemical 
analyses for Moose Creek, listed under miscellaneous streams in the 1951 water year, report values 
for many chemical constituents of interest.   
 
 Concentrations of calcium, magnesium, sodium, potassium, bicarbonate, sulfate, chloride, fluoride, 
dissolved solids, hardness, conductivity, and pH were measured in the spring of 1951.  All are of 
the same order of magnitude as the range of values monitored in 1988.  However, the 
concentrations of iron for 1951 are reported in the range of 0.01 to 0.03 mg/l, which is significantly 
lower than the maximum values recently measured.  Conversely, the concentrations of nitrate 
measured in the spring of 1951 are an order of magnitude higher than those recorded in the spring 
of 1988. 
 
Similar measurements were made on Moose Creek monthly from February to September 1952, 
with the exception of August 1952.  The order of magnitude of the results is consistent with those 
discussed above, showing little variation through the seven month period.  Measurements with the 
same orders of magnitude were also recorded for nearby Granite Creek in the summer of 1951. 
 
The historical measurements show a close similarity in the chemical nature of surface waters in 
Moose Creek in the early 1950's and at present.  Of the constituents measured, only iron and nitrate 
differ significantly.  It does not appear that the water quality at present has been significantly 
degraded relative to that which has existed in the past. 
 
4.5  


The turbidity and sediment concentration data collected from July, 1988 to June, 1989, have 
consisted of monthly grab samples. Turbidity and sediment concentrations in Moose Creek 
measured at four stations in and near the proposed Permit Area were relatively low during the 
period October, 1988 to March, 1989.  Turbidity has ranged from 0.30 to 4.00 NTU and Total 


Soil Loss / Sediment Yield 
 
4.5.1  Measured Sediment Loads 
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Suspended Solids (TSS) from <1 to 10 mg/l.  During this period, significant amounts of weathered 
material from higher elevations were not being transported.  Sampling during high spring runoff 
flows indicated that higher sediment loads were being transported.  Turbidity values in Moose 
Creek increased from <1 NTU in March, 1989 to 4.5 to 8.3 NTU in April, 1989.  TSS also showed 
a marked increase during this period, indicating that streambed and bank erosion was occurring due 
to the ice and snowmelt. 
 
Turbidity and sediment concentration in Buffalo and Premier Creeks were slightly higher than those 
in Moose Creek.  During the July, 1988 to June, 1989 period, Buffalo Creek had turbidity levels 
ranging from 0.25 to 20.00 NTU.  While during the same period Premier Creek had turbidity values 
ranging from 0.5 to 16 NTU.  TSS data from the July, 1988 to June, 1989, period ranged from <1 
mg/l to 48 mg/l in Buffalo Creek and 4 mg/l to 10 mg/l in Premier Creek.  
 
Historical sediment concentration data do not exist for Moose Creek or its tributaries.  However, 
historical data exist for the Little Susitna River at a gaging station near Palmer.  Moose Creek is 
hydrologically similar to the Little Susitna River, as shown in Table 4-1.  Both streams are 
predominantly oriented north-south; they are comparable in size (49.6 square miles for Moose 
Creek versus 61.9 square miles for the Little Susitna River); they flow over similar geologic and 
surface terrain conditions; and, they are adjacent drainages.  Therefore, the historical sediment 
concentration data from the Little Susitna River is used to estimate loads in Moose Creek. 
 
A plot of TSS concentration versus discharge in the Little Susitna River is shown in Figure 4-9.  A 
best fit regression line has been calculated.  Based on this relationship and the discharge-recurrence 
interval relationship in Figure 4-6, the following TSS concentrations were determined for the Little 
Susitna River. 
 


Recurrence Interval  (Yr) Discharge (cfs) TSS (mg/L 
2 1970 206 
5 3030 344 
10 3890 465 
25 5190 656 
50 6320 831 
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It is expected that comparable TSS concentrations will occur in Moose Creek for similar storm 
events (i.e. storms with the same recurrence intervals).  Continuing monitoring of sediment 
concentrations in Moose Creek will be conducted to substantiate sediment loads during storm 
events. 
 
Field observations during snow melt and ice break up in April, 1989 on Moose and Buffalo Creeks 
indicate that turbidity rose significantly due to melt water flowing over channel banks.  Little or no 
overland flow was observed from areas removed from the channel banks.  These observations 
indicate the effectiveness of the vegetation, even in winter, in trapping and retaining sediment and 
reinforce the conclusion that the stream channel bed and banks supply most of the sediment during 
periods of high flow.   
 
4.5.2  Estimated Sediment Yield for Buffalo Creek 
 
An estimate of average annual erosion from the Buffalo Creek watershed was made to determine 
which sediment yield parameters are the most important in this area and to estimate baseline 
sediment yield conditions in an area which is expected to be affected by the proposed mining plans. 
The Universal Soil Loss Equation (USLE) was applied to the basin in its original form: 
 A = (R)(K)(LS)(C)(P) 
 
       where A = Sediment yield (tons/acre/yr) 
  R = Rainfall erosivity factor 
  K = Soil erodibility 
  LS = Length slope factor 
  C = Conservation factor 
  P = Practice factor 
 
Appendix G contains the detailed calculations and parameter estimations for the USLE applied to 
Buffalo Creek. 
 
Rainfall erosivity was estimated from the 2-year, 6-hour rainfall as R = 16.55(Precip)2.2, when 
precip is the 2-year, 6-hour rainfall in inches for Type I storms (Hotes et al., 1973).  The 2-year, 
6-hour rainfall for the site was estimated at 1.1 inches from National Weather Service data for 
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Alaska (Miller, 1963).  The resulting rainfall erosivity factor is 20.41. 
 
Soil erodibility was taken from the Soil Survey Baseline Report (Nyenhuis, 1988) completed for the 
Wishbone Hill Project.  The value of 0.41 is applicable for the majority of the soils on the site.  This 
factor is fairly high, indicating the soils are moderately to highly erodible. 
 
Length slope (LS) factors vary in different portions of the Buffalo Creek watershed.  The watershed 
was subdivided into four areas, and a LS factor was computed from topographic maps at a scale of 
one inch to 500 feet for each area.  Values ranged from 6.54 to 14.55.  The four areas included: the 
"dry arm" area defined in Section 4.2.2; the steep canyon of upper Buffalo Creek; the marshy 
meadow section of middle Buffalo Creek; and the rolling, steep and flood plain composite area of 
lower Buffalo Creek, which includes the section of Buffalo Creek which flow across an old Moose 
Creek flood plain.  The last area required use of the compound slope form of the LS computation 
(see Appendix G for details).   
 
The conservation and practice factors are usually combined into a CP factor, and tabulated values 
for typical surfaces are included in many texts.  This factor accounts for both vegetation and land 
use and is defined as the ratio of sediment yield from a surface in question, to a section of crop land 
kept in continuous fallow.  Values used for the subareas of Buffalo Creek are compiled in Barfield 
et al. (1985).  Details of the derivations of values used are shown in Appendix G.  In general, the 
Buffalo Creek watershed is heavily vegetated, with plant canopy estimated at between 25 and 50 
percent, and plant coverage estimated at 40 to 60 percent of the surface area for tall brush and 
undisturbed woodland. 
 
The USLE was applied to each of the four areas and the results were added to estimate total yield 
for the watershed.  The results are summarized below: 
 


Area Yield (tons/yr) 
Wishbone Dry Arm 91 (85 acres) 
Buffalo Creek Canyon 370 (40 acres) 
Middle Buffalo Creek 382 (185 acres) 
Lower Buffalo Creek 1088 (110 acres) 


Total 1931 
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Note:  No soil loss computed for Wishbone Lake drainage area (160 acres). 
 
The watershed drains a land area of approximately 420 acres, resulting in an estimated average 
annual sediment yield of 4.6 tons/acre/year, which is a moderately low sediment yield.  A value of  
2 tons/acre/year is often used to describe revegetated areas which require minimal maintenance. 
 
5.0  CONCLUSIONS 
 
The proposed Permit Area occupies approximately 2.5 square miles in the southern portion of the 
Moose Creek watershed.  Moose Creek drains approximately 49.6 square miles and flows into the 
Matanuska River about 3 miles downstream of the site.  The streambed of Moose Creek is 
comprised of large boulders, cobbles and gravels typical of a high energy environment. 
 
Two tributaries are located in or near the proposed Permit Area.  Buffalo Creek drains 0.89 square 
miles and flows from Wishbone Lake across the proposed Permit Area into Moose Creek.  Its 
channel is typically comprised of gravels, sands and some silts.  Premier Creek flows into Moose 
Creek from the north and does not cross the proposed Permit Area. 
 
The surface drainage pattern in the proposed Permit area has been significantly affected by 
glaciation.  Much of the area is characterized by closed depressions which have no surface drainage 
outlet. 
 
Seven stations have been established to monitor flow and/or water quality.  During the period of 
record from August, 1988 to July, 1989 Moose Creek flows have ranged from approximately 10 cfs 
in March, 1989, to over 700 cfs during a storm in mid June, 1989.  Flows in Buffalo Creek over the 
same period have ranged from zero in January, February and March, 1989, to about 16 cfs during a 
storm in September, 1988. 
 
Flood peaks on Moose Creek are based on historical data from the adjacent Little Susitna River 
watershed which is hydrologically very similar.  Peak flows in Moose Creek at its mouth are 
estimated to be 1580, 2430, 3120, 4160, 5065 and 6080 cfs for the 2, 5, 10, 25, 50 and 100-year 
recurrence intervals, respectively. 
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Existing water quality data from the Moose Creek watershed indicate that surface waters are of high 
quality.  Surface waters are predominantly calcium bicarbonate in composition.  They generally 
meet State and Federal standards for drinking water quality.   
 
Turbidity and sediment concentrations in surface waters have been quite low during the period from 
late August, 1988 to June, 1989 for which laboratory data are available.  Turbidity in Moose Creek 
has ranged from 0.20 to 8.3 NTU and TSS from <1 to 8 mg/l.  Buffalo Creek has had turbidity 
levels from 0.25 to 20.00 NTU and TSS concentrations from <1 to 48 mg/l.  Premier Creek has 
varied from 0.70 to 16.0 NTU in turbidity and from <1 to 10 mg/l in TSS. 
 
Based on historical sediment concentration data from the adjacent Little Susitna Watershed 
(Carrick, et al., 1988), it is expected the sediment concentrations in Moose Creek will increase 
significantly during storm events.  Based on a regression of TSS versus discharge in the Little 
Susitna River, TSS concentrations of 206, 244, 465, 656 and 831 mg/l were calculated in the Little 
Susitna River for recurrence intervals of 2, 5, 10, 25 and 50 years, respectively.  Comparable 
sediment concentrations are expected in Moose Creek for similar storm events. 
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ADDENDA







ADDENDUM  1 


HISTORICAL SURFACE WATER MONITORING DATA  







 


TABLE 1 
STREAM STATION INFORMATION 


 
Stream Station ID Stream Name Notes 


15283550 Moose Creek USGS stream gauge near Station 1 
15283700 Moose Creek USGS stream gauge near Station 1 
Station 1 Moose Creek  
Station 1-F Moose Creek Flow measurements only.  Located at Station 1 
Station 2 Premier Creek  
Station 3 Buffalo Creek Parshall Flume with stilling well 
Station 4 Buffalo Creek Parshall Flume with stilling well 
Station 5 Moose Creek  
Station 5-F Moose Creek Flow measurements only.  Located approximately 


1000 ft down stream of Station 5 


Station 6 Moose Creek  
Station 7 Moose Creek  
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Station ID Stream Name Date Gauged Gauge Type
Mean Discharge 


(cubic feet/second)
8/31/1988 flow meter 142.80
9/23/1988 flow meter 109.70
10/21/1988 flow meter 44.50
11/18/1988 flow meter 18.70
12/20/1988 flow meter 12.50
1/27/1989 flow meter 11.10
2/24/1989 flow meter 10.00
3/22/1989 flow meter 9.00
4/15/1989 flow meter 34.00
5/16/1989 flow meter 27.00
6/19/1989 flow meter 379.40
7/17/1989 flow meter 221.80
7/20/1989 flow meter 222.00
8/23/1989 flow meter 127.00
9/27/1989 flow meter 173.00
10/28/1989 flow meter 66.10
12/29/1989 flow meter 16.80
1/30/1990 flow meter 10.00
2/27/1990 flow meter 8.30
4/27/1990 flow meter 27.60
6/28/1990 flow meter 224.10
7/27/1990 flow meter 82.00
8/30/1990 flow meter 105.60
10/1/1990 flow meter 26.50


STA1-F Moose Ck 11/14/2008 flow meter 27.17
6/28/1990 flow meter 9.20
7/27/1990 flow meter 3.00
8/30/1990 flow meter 4.40
10/1/1990 flow meter 14.20
10/30/1990 flow meter 5.10


Buffalo Ck. 8/30/1990 flow meter 0.30
10/1/1990 flow meter 1.40
10/30/1990 flow meter 0.30


For 1991 4/11/1992 flume 0.12
Discharge 4/12/1992 flume 0.10
Data See 4/13/1992 flume 0.15
Attachment 1 4/14/1992 flume 0.58


4/15/1992 flume 0.71
4/16/1992 flume 0.85
4/17/1992 flume 1.41
4/18/1992 flume 3.54
4/19/1992 flume 4.34
4/20/1992 flume 2.60
4/21/1992 flume 3.17
4/22/1992 flume 4.50
4/23/1992 flume 5.46
4/24/1992 flume 6.09
4/25/1992 flume 7.24
4/26/1992 flume 8.77


STA1 Moose Ck


STA2 Premier Ck.


STA3


Table 2 - Mean Stream Discharge
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Station ID Stream Name Date Gauged Gauge Type
Mean Discharge 


(cubic feet/second)
 


Table 2 - Mean Stream Discharge


4/27/1992 flume 10.63
4/28/1992 flume 11.31
4/29/1992 flume 11.54
4/30/1992 flume 11.66
5/1/1992 flume 11.89
5/2/1992 flume 11.54
5/3/1992 flume 11.42
5/4/1992 flume 11.19
5/5/1992 flume 10.40
5/6/1992 flume 9.85
5/7/1992 flume 9.63
5/8/1992 flume 9.85
5/9/1992 flume 11.77
5/10/1992 flume 11.31
5/11/1992 flume 10.63
5/12/1992 flume 8.77
5/13/1992 flume 8.46
5/14/1992 flume 8.04
5/15/1992 flume 7.74
5/16/1992 flume 7.24
5/17/1992 flume 7.04
5/18/1992 flume 6.95
5/19/1992 flume 6.56
5/20/1992 flume 5.83
5/21/1992 flume 5.37
5/22/1992 flume 4.93
5/23/1992 flume 4.67
5/24/1992 flume 4.50
5/25/1992 flume 4.34
5/26/1992 flume 3.41
5/27/1992 flume 2.54
5/28/1992 flume 2.35
5/29/1992 flume 2.21
5/30/1992 flume 2.13
5/31/1992 flume 2.16
6/1/1992 flume 2.03
6/2/1992 flume 2.00
6/3/1992 flume 1.82
6/4/1992 flume 1.65
6/5/1992 flume 1.51
6/6/1992 flume 1.40
6/7/1992 flume 1.30
6/8/1992 flume 1.21
6/9/1992 flume 1.11
6/10/1992 flume 1.03
6/11/1992 flume 0.94
6/12/1992 flume 0.86
6/13/1992 flume 0.78
6/14/1992 flume 0.72


STA3 Buffalo Ck.
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Station ID Stream Name Date Gauged Gauge Type
Mean Discharge 


(cubic feet/second)
 


Table 2 - Mean Stream Discharge


6/15/1992 flume 0.77
6/16/1992 flume 0.83
6/17/1992 flume 0.73
6/18/1992 flume 0.65
6/19/1992 flume 0.62
6/20/1992 flume 0.58
6/21/1992 flume 0.64
6/22/1992 flume 0.64
6/23/1992 flume 0.58
6/24/1992 flume 0.64
6/25/1992 flume 0.66
6/26/1992 flume 0.60
6/27/1992 flume 0.63
6/28/1992 flume 0.62
6/29/1992 flume 0.56
6/30/1992 flume 0.53
7/1/1992 flume 0.52
7/2/1992 flume 0.49
7/3/1992 flume 0.46
7/4/1992 flume 0.44
7/5/1992 flume 0.43
7/6/1992 flume 0.42
7/7/1992 flume 0.40
7/8/1992 flume 0.38
7/9/1992 flume 0.36
7/10/1992 flume 0.35
7/11/1992 flume 0.42
7/12/1992 flume 0.42
7/13/1992 flume 0.41
7/14/1992 flume 0.40
7/15/1992 flume 0.39
7/16/1992 flume 0.42
7/17/1992 flume 0.49
7/18/1992 flume 0.55
7/19/1992 flume 0.52
7/20/1992 flume 0.47
7/21/1992 flume 0.51
7/22/1992 flume 0.48
7/23/1992 flume 0.44
7/24/1992 flume 0.41
7/25/1992 flume 0.44
7/26/1992 flume 0.44
7/27/1992 flume 0.40
7/28/1992 flume 0.38
7/29/1992 flume 0.41
7/30/1992 flume 0.43
7/31/1992 flume 0.44
8/1/1992 flume 0.43
8/2/1992 flume 0.45


Buffalo Ck.STA3
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Station ID Stream Name Date Gauged Gauge Type
Mean Discharge 


(cubic feet/second)
 


Table 2 - Mean Stream Discharge


8/3/1992 flume 0.42
8/4/1992 flume 0.46
8/5/1992 flume 0.42
8/6/1992 flume 0.61
8/7/1992 flume 0.50
8/8/1992 flume 0.45
8/9/1992 flume 0.41
8/10/1992 flume 0.38
8/11/1992 flume 0.35
8/12/1992 flume 0.33
8/13/1992 flume 0.32
8/14/1992 flume 0.29
8/15/1992 flume 0.28
8/16/1992 flume 0.30
8/17/1992 flume 0.43
8/18/1992 flume 0.47
8/19/1992 flume 0.43
8/20/1992 flume 0.38
8/21/1992 flume 0.39
8/22/1992 flume 0.38
8/23/1992 flume 0.37
8/24/1992 flume 0.39
8/25/1992 flume 0.09
8/26/1992 flume 0.13
8/27/1992 flume 0.13
8/28/1992 flume 0.13
8/29/1992 flume 0.13
8/30/1992 flume 0.13
8/31/1992 flume 0.15
9/1/1992 flume 0.15
9/2/1992 flume 0.18
9/3/1992 flume 0.17
9/4/1992 flume 0.17
9/5/1992 flume 0.15
9/6/1992 flume 0.15
9/7/1992 flume 0.16
9/8/1992 flume 0.15
9/9/1992 flume 0.14
9/10/1992 flume 0.14
9/11/1992 flume 0.14
9/12/1992 flume 0.13
9/13/1992 flume 0.13
9/14/1992 flume 0.13
9/15/1992 flume 0.15
9/16/1992 flume 0.17
9/17/1992 flume 0.16
9/18/1992 flume 0.25
9/19/1992 flume 0.42
9/20/1992 flume 0.41


STA3 Buffalo Ck.
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Station ID Stream Name Date Gauged Gauge Type
Mean Discharge 


(cubic feet/second)
 


Table 2 - Mean Stream Discharge


9/21/1992 flume 0.39
9/22/1992 flume 0.36
9/23/1992 flume 0.43
8/31/1988 flume 2.70
9/23/1988 flume 7.30
10/21/1988 flume 2.90
5/16/1989 flume 7.10
6/19/1989 flume 3.80
7/17/1989 flume 2.60
7/20/1989 flume 0.18
8/23/1989 flume 0.19
9/27/1989 flume 1.29
10/28/1989 flume 1.04
4/29/1990 flume 20.90
7/2/1990 flume 0.20
7/27/1990 flume 0.00
8/30/1990 flume 0.30
10/1/1990 flume 1.60
8/31/1988 flow meter 172.70
9/23/1988 flow meter 178.30
10/21/1988 flow meter 83.30
11/19/1988 flow meter 36.00
12/20/1988 flow meter 28.10
1/27/1989 flow meter 26.30
2/24/1989 flow meter 24.90
3/22/1989 flow meter 16.00
4/15/1989 flow meter 44.00
5/16/1989 flow meter 80.00
6/19/1989 flow meter 355.90
7/17/1989 flow meter 185.80
7/20/1989 flow meter 192.00
8/23/1989 flow meter 127.00
6/28/1990 flow meter 304.30
7/27/1990 flow meter 97.70
8/30/1990 flow meter 250.20
10/1/1990 flow meter 143.60
10/30/1990 flow meter 317.60


STA5-F Moose Ck 11/14/2008 flow meter 35.31
15283700 Moose Ck 6/1998 to 9/2001 transducer See Note Below
15283701 Moose Ck 9/2007 to present transducer See Note Below


Note:  For stream discharge data, see Attachment 2


STA3 Buffalo Ck.


STA4 Buffalo Ck.


STA5 Moose Ck
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Well  ID
Sample 


Date
Temperature 


(oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L)
ORP 
(mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)
30-Jul-88 9.5 7.2 1.6 11.7 70  


31-Aug-88 6.5 6.1 1.2 11.4 80  
23-Sep-88 2.5 7.29 0.7 13.2 112  
22-Oct-88 1.5 6.39 0.65 12.3 100 33.1
18-Nov-88 3 7.17 0.58 11.2 163 30.2
20-Dec-88 1 7.25 0.36 12.8 128 81
27-Jan-89 1 7.36 0.2 13.2 164 50
24-Feb-89 0 6.71 1.1 13.7 169 23
22-Mar-89 0.5 7.33 0.5 14.3 173 30
15-Apr-89 2 7.6 8.3 13.4 187 43.2


16-May-89 2 6.81 2.6 13.6 134 34
19-Jun-89 8 7.25 2.3 12.4 59 18.5
20-Jul-89 7.5 7.1 3.5 11.2 53 19.2


23-Aug-89 7.5 6.91 5.6 11.4 76 23
27-Sep-89 5.6 8.2 1.5 10.9  17
28-Oct-89 0 6.3   91 24.9
29-Dec-89 0 7.4  12.6 110 31.2
30-Jan-90 -0.7 6.5 0.3 14.2 117 30
27-Feb-90 -0.6 7.2 0.3 13.4 120 32
29-Mar-90 1 7.9 0.3 12.7 125 32
27-Apr-90 2.8 7.3  5.8 115 32.7
28-Jun-90 8.3 7.3 46 10.7 52  
27-Jul-90 8.9 7.4 2.3 11.7 72 12


30-Aug-90 5.5 7.22 2.6 11.5 71 22.6
01-Oct-90 1.7 7.3 2 11.9 79 25
30-Oct-90 0.6 7.6 0.2 12.1 95 27
13-Nov-08 0.38 7.67 1054 3.31 10.86 154
29-Dec-08 0.06 5.45 52 1.35 14.11 310
30-Jul-88 11 7.8 1.2 10.2 120  


31-Aug-88 7 6.3 1 11.5 114  
23-Sep-88 6.5 7.3 7.2 10.6 93  
22-Oct-88 1.5 6.3 2.6 13.1 86 43.5
18-Nov-88 2 7.29 0.84 11.4 114 49.2
20-Dec-88 1 7.49 0.7 12.6 133 53
27-Jan-89 3 7.2 1 14.2 150 86
24-Feb-89 0 6.16 2.6 14 135 39
22-Mar-89 0.5 6.11 0.5 14.7 140 47
15-Apr-89 1 7.65 16 14.7 107 36


16-May-89 7 7.81 7.5 13 86 34.7
19-Jun-89 9 7.82 3.5 13.6 101 43.1
20-Jul-89 7 7.59 2.6 11.8 95 48.1


23-Aug-89 7 7.58 2 11.9 118 51.3
27-Sep-89 8.8 5.4 3.2  15
28-Oct-89 0 6.45   104 43.4
28-Dec-89 0 7.4  12.8 105 51
30-Jan-90 -0.1 7.8 0.4 11.8 104 53
27-Feb-90 2.6 7.8 0.6  105 50
29-Mar-90 0.5 8 0.4 13 115 50
29-Apr-90 3.9 6.56 6.8 61 24
28-Jun-90 11.1 7.79 9 10.5 111  


Table 3 - Field Measured Surface Water Quality Parameter Results


STA1


STA2
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Well  ID
Sample 


Date
Temperature 


(oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L)
ORP 
(mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


Table 3 - Field Measured Surface Water Quality Parameter Results


27-Jul-90 8.5 7.8 0.3 12.2 114 50
30-Aug-90 8.9 8.13 3.5 10.9 106 50.9
01-Oct-90 3.3 7.27 1.4 12 87 41.3
30-Oct-90 1.1 7.3 0.6 13 105 46
13-Nov-08 0.28 7.03 96 2.6 13.5 153.8
29-Dec-08 0.03 6.83 6.89 8.29 143.4
30-Jul-88 14 6.6 17 7.9 52  


31-Aug-88 10 5.9 20 9.8 45  
22-Oct-88 3 6.06 3 11.8 40 19
18-Nov-88 1 7.01 0.3 11.2 51 11.2
20-Dec-88 1 7.12 0.25 11.4 57 21
27-Jan-89 3.5 7.09 0.25 14 66 30
24-Feb-89 0 5.6 0.9 10.2 59 11
22-Mar-89 3 5.94 11.3 49 60
15-Apr-89 0 6.26 0.8 9.3 53 17.6


16-May-89 5 7.17 1.5 13.4 45 16
19-Jun-89 15 6.97 1.6 8.2 45 17.8
20-Jul-89 12 6.5 2 6.3 45 21.4


23-Aug-89 11 6.4 0.6 6.6 50 19.2
26-Sep-89 8.7 5.2 9 10 119
28-Oct-89 1 6.52   52 19.7
28-Dec-89 0 7.1   55 22
30-Jan-90 -1 7.67 0.5 11.4 48 21
27-Feb-90 1.2 6.9 3.2 50 27
27-Apr-90 2.8 6.97  4.7 51 16.8
28-Jun-90 20 6.79 7 7.7 67
27-Jul-90 8.7 6.8 0.7 10.7 61 26


30-Aug-90 9.4 7.22 1 11.1 64 24
01-Oct-90 5.6 7.25 0.8 10.3 44 17.4
30-Oct-90 0.6 7.1 0.6 12.7 47 22
16-Nov-08 0.91 6.77 51 1.32 10.87 166.6
30-Dec-08 0.94 7.01 35 1.69 12.23 183.6
30-Jul-88 9.5 6.5  0.58 12  59  


31-Aug-88 8.5 6.3  0.47 10.2  64  
23-Sep-88 6.5 6.88  2.7 10.4  48  
22-Oct-88 2 6.02  0.58 12.2  241 19
18-Nov-88 1 7.2  0.5 11.6  59 22.6
20-Dec-88 1 7.19  0.65 13.5  85 32
22-Mar-89 1 6.29  0.5 7.2  62 22.4
15-Apr-89 2 6.54  4 12.2  69 20.3


16-May-89 5 7.08  2.4 13.6  47 15.7
19-Jun-89 8.5 7.22  0.4 13  53 15.7
20-Jul-89 6.5 6.85  1.4 11.1  61 15.7


23-Aug-89 6.5 6.94  0.6 11.4  79 30.8
27-Sep-89 6.7 7.9  4.1 10.5  12
28-Oct-89 1 6.53     53 20.1
28-Dec-89 0 6.8   12.4  60 25
30-Jan-90 -2 7.33  0.4 12.4  56 25
29-Apr-90 3.3 6.42  7.2  35 12
02-Jul-90 9.9 7.1  11.5 10.9  69


STA2
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Well  ID
Sample 


Date
Temperature 


(oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L)
ORP 
(mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


Table 3 - Field Measured Surface Water Quality Parameter Results


27-Jul-90 9.6 6.8  0.5 10.5  74 30
30-Aug-90 8.3 7.34  0.6 10.8  77 29.1
01-Oct-90 4.4 7.27  1.1 11.2  48 19.7
16-Nov-08 1.1 7.33 150 0.53 12.68 98.3   
30-Dec-08 0.02 8.09 41 2.69 5.79 226.8   
30-Jul-88 10.5 6.9  1.2 10.2  84  


31-Aug-88 9 6.5  0.75 8.5  91  
23-Sep-88 6 7.36  5 12.6  115  
22-Oct-88 0 6.31  0.65 13.8  109 37.5
18-Nov-88 3 7.09  0.3 11.2  132 44.6
20-Dec-88 0 7.14  0.24 13.2  148 51
27-Jan-89 1 7.3  0.23 15  180 50
24-Feb-89 2 6.26  0.5 12.4  171 40
22-Mar-89 0 7.2  0.5 14.2  189 35
15-Apr-89 1 7.8  4.5 14  168 45


16-May-89 8 7.47  2.7 10.6  120 44.6
19-Jun-89 6 7.25  3.8 13.2  68 22.3
20-Jul-89 6.5 6.59  3.4 11.6  71 25.4


23-Aug-89 7 7.5  3 12  92 30.5
27-Sep-89 4.4 7.2  3.5 11.9  5
28-Oct-89 0 7.05     115 35.6
28-Dec-89 -1 7.4   13.4  135 47
30-Jan-90 -1 7.8  0.8 12.6  125 48
27-Feb-90 0.2 6.8  1.1   140 50
28-Mar-90 1.3 7.6  0.3 12.7  145 52
29-Apr-90 5.4 6.93   6.5  105 37
28-Jun-90 7.8 7.21  37 11.6  62  
27-Jul-90 8.3 7.54  0.2 11.6  86 29


30-Aug-90 9.4 7.91  3.1 11.3  80 28.9
01-Oct-90 2.8 7.28  0.8 12.3  102 37.7
30-Oct-90 1.1 7.8  0.4 13.3  121 45
13-Nov-08 0.01 6.95 94 4.12 13.32 176   
30-Dec-08 0.05 7.37 68 1.58 9.6 271.3   
31-Aug-88 7 6.3  2.3 11.6  85  
23-Sep-88 8.5 7.02  2.4 10.2  110  
22-Oct-88 0 6.3  0.5 14.8  111 33
18-Nov-88 3.5 7.22  0.78 11.4  138 40.2
20-Dec-88 0 7.4  0.44 13.9  148 46
24-Feb-89 0 6.66  0.55 13.7  181 36
22-Mar-89 0.5 7.1  0.9 14  155 34
15-Apr-89 2 7.93  4.5 13.6  183 47.6


16-May-89 8 7.55  4.5 11.2  124 40.1
19-Jun-89 8 7.17  2.7 12.6  68 20.7
20-Jul-89 7 7.37  2.4 12.2  60 23.1


23-Aug-89 6.5 7.34  3.5 12.2  87 27.9
27-Sep-89 5.6 7.4  1.4 11.5   29
13-Nov-08 0.33 7.46 120 2.84 13.16 126.6   
29-Dec-08 0.06 5.45 52 1.35 14.11 310   


STA7 31-Aug-88 7.5 6.4  1 11.8  90  


STA5


STA6
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4 of 4


Well  ID
Sample 


Date
Temperature 


(oC) pH
Conductivity 


(µS/cm)
Turbidity 


(NTU)
DO 


(mg/L)
ORP 
(mV)


Specific 
Conductance 


(µmhos)
Alkalinity 


(mg/L)


Table 3 - Field Measured Surface Water Quality Parameter Results


23-Sep-88 7 7.11  3.4 10.9  110  
22-Oct-88 0 6.2  0.58 14.3  108 39
18-Nov-88 3 7.26  0.3 10.4  128 43.8
20-Dec-88 0 7.4  0.3 13.2  146 113
24-Feb-89 1 6.75   14  165 29
22-Mar-89 1 7.08  0.7 13.2  151 39
15-Apr-89 1 7.8  7.5 14.6  167 44.5


16-May-89 9 7.79  3.9 11.2  120 39.7
19-Jun-89 9.5 7.37  2.5 13.1  65 21.5
20-Jul-89 7.5 7.07  2.5 11.2  62 25


23-Aug-89 7 7.44  3 12  89 29.1
26-Sep-89 6.7 6  4.3 12.3   69
13-Nov-08 0.02 7.5 42 6.61 5.07 207   
29-Dec-08 0.03 6.08  7.01 11.63 132   


Note: Blank cells indicate data not collected.


Abbreviations
oC: Degrees Celsius
µmhos: Micromhos
µS/cm: Microsiemens per centimeter
mg/L: Milligrams per liter
mV: Millivolts
NTU: Nephelometric Turbidity Units
ORP: Oxidation reduction potential
pH: Power of hydrogen


STA7







Table 4 - Analytical Methods and Detection Limits


180.1 Turbidity 0.2 NTU
Chloride 0.2
Fluoride 0.2
Sulfate 0.2
Nitrate 0.1
Nitrite 0.1


SM 2540C Total Dissolved Solids 5
SM 2320B Alkalinity as CaCO3 2


200.7/SM 2340B Hardness as CaCO3 0.4
Phosphorous, Total 0.01


Phosphorous, Dissolved 0.01
Calcium 0.05


Iron 0.02
Magnesium 0.02
Potassium 0.4


Sodium 0.1
Aluminum 0.002


Arsenic 0.0005
Barium 0.00005


Cadmium 0.00002
Chromium 0.0002


Copper 0.0001
Lead 0.00002


Manganese 0.00005
Nickel 0.0002


Selenium 0.001
Zinc 0.0005
Iron 0.02


Magnesium 0.02
Aluminum 0.002


Arsenic 0.0005
Barium 0.00005


Beryllium 0.00002
Cadmium 0.00002
Chromium 0.0002


Copper 0.001
Lead 0.00002
Nickel 0.0002


Selenium 0.001
Zinc 0.0005


120.1 Conductivity 2 µMHOS/cm
350.1 Ammonia as Nitrogen 0.05


353.2
Nitrate + Nitrite as 


Nitrogen 0.05
SM 2120 B Color 5 color units


SM 2540 D
Total Suspended Solids 


(TSS) 5
SM 2540 F Settleable Solids 0.1


SM 4500- H+B pH na
7195/7191 Hexavalent Chromium 0.002


Abbreviations
CaCO3: Calcium carbonate
µMHOS/cm: Micromhos per centimeter
mg/L: Milligrams per liter 
NTU: Nephelometric Turbidity Units
pH: Power of hydrogen
PQL: Practical quantitation limit


Groundwater


200.7 Metals – Total and 
Dissolved


200.8 Metals – Total and 
Dissolved


Method Analyte PQL (mg/L) Matrix


200.7 Metals – Total and 
Dissolved


Surface Water


200.8 Metals – Total and 
Dissolved


Groundwater and 
Surface Water


300


365.3
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Station 
ID


Date 
Collected


Acidity, 
Total


(mg/L)


Alkalinity as 
CaCO3, Dissolved 


(mg/L)


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia + 
org-N (as N) 


(mg/L)


Ammonia + Org-N and 
Nitrogen, Dissolved


(mg/L)


Ammonia + Org-N 
as Nitrogen, Total 


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Ammonia as 
Nitrogen, Dissolved


(mg/L)


Anions 
(meq/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total 


(mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total 


(mg/L)


Beryllium, 
Dissolved 


(mg/L)
15283550 18-Mar-99 ND 35 0.02 ND 0.002 0.003 0.033
15283550 29-Jun-99 ND 24 0.04 0.07 0.005 ND 0.0236
15283550 12-Nov-99 ND 33 0.03 0.06 0.005 0.002 0.0296
15283550 05-Apr-00 36 ND ND 0.002 0.0342
15283550 28-Jun-00 ND 21 ND ND ND
15283550 23-Sep-00 ND 26 ND 0.003 0.002
15283550 27-Mar-01 36 0.05 0.014 0.001 0.0333
15283550 19-Jun-01 20 0.21 ND 0.002 0.001 0.0223
15283550 12-Oct-01 32 0.02 0.05 ND 0.001 0.0278
15283700 04-Oct-48
15283700 19-Apr-49
15283700 18-Apr-51
15283700 05-May-51
15283700 14-May-51
15283700 21-Nov-51
15283700 11-Feb-52
15283700 12-Mar-52
15283700 18-Apr-52
15283700 07-May-52
15283700 12-Jun-52
15283700 16-Jul-52
15283700 13-Sep-52
15283700 29-Sep-52
15283700 12-May-56
15283700 09-Aug-71
15283700 30-Jun-98 0.14 0.03 0.001
15283700 18-Mar-99 48 0.003 0.0321
15283700 29-Jun-99 29 0.05 0.002 0.001 0.0237
15283700 12-Nov-99 50 0.11 0.005 0.0297
15283700 05-Apr-00 53 0.0329
15283700 28-Jun-00 24
15283700 23-Sep-00 32 0.002
15283700 27-Mar-01 54 0.006 0.0322
15283700 19-Jun-01 24 0.36 0.002 0.0233
15283700 12-Oct-01 43 0.0257
STA1 30-Jul-88 ND 24 ND 0.03 0.63 ND
STA1 31-Aug-88 ND 27 ND 0.05 0.7 ND
STA1 23-Sep-88 ND 31 ND ND 0.87 ND
STA1 21-Oct-88 ND ND ND ND
STA1 22-Oct-88 36 ND 1.03
STA1 18-Nov-88 ND 32 0.1 0.05 1.04 ND ND
STA1 20-Dec-88 ND 37 ND 0.15 1.24 ND ND
STA1 27-Jan-89 ND 33 0.1 0.03 1.21 ND ND
STA1 24-Feb-89 ND 36 0.2 ND 1.28 ND ND
STA1 22-Mar-89 ND 35 ND 0.03 1.32 ND ND
STA1 15-Apr-89 ND 51 ND ND 1.61 ND ND
STA1 16-May-89 ND 45 ND ND 1.28 ND ND
STA1 19-Jun-89 ND 21 ND 0.04 0.57 ND ND
STA1 20-Jul-89 ND 22 ND ND 0.55 ND ND
STA1 23-Aug-89 ND 29 ND ND 0.81 ND ND
STA1 27-Sep-89 ND 28 ND ND 0.79 ND ND
STA1 28-Oct-89 ND 31 ND ND 0.92 ND ND
STA1 30-Jan-90 ND 33 ND 0.04 1.21 ND ND
STA1 27-Apr-90 ND 34 ND 0.05 1.03 ND ND
STA1 27-Jul-90 ND 24 ND ND 0.68 ND ND
STA1 30-Oct-90 ND 30 ND 0.12 0.96 ND ND
STA1 13-Nov-08 32 0.0021 0.0117 ND 0.0012 0.0012 0.0338 0.0333 ND
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Station 
ID


Date 
Collected


Acidity, 
Total


(mg/L)


Alkalinity as 
CaCO3, Dissolved 


(mg/L)


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia + 
org-N (as N) 


(mg/L)


Ammonia + Org-N and 
Nitrogen, Dissolved


(mg/L)


Ammonia + Org-N 
as Nitrogen, Total 


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Ammonia as 
Nitrogen, Dissolved


(mg/L)


Anions 
(meq/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total 


(mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total 


(mg/L)


Beryllium, 
Dissolved 


(mg/L)
STA2 30-Jul-88 ND 50 ND 0.02 1.1 ND
STA2 31-Aug-88 ND 54 ND 0.05 1.13 ND
STA2 23-Sep-88 ND 43 ND ND 0.95 ND
STA2 21-Oct-88 ND 46 ND ND 1.01 ND ND
STA2 18-Nov-88 52 0.08 1.12
STA2 19-Nov-88 ND 0.1 ND ND
STA2 19-Dec-88 ND 52 ND 0.35 1.11 ND ND
STA2 29-Jan-89 ND 51 ND 0.02 1.12 ND ND
STA2 24-Feb-89 ND 58 0.2 ND 1.2 ND ND
STA2 21-Mar-89 ND 57 ND 0.03 1.23 ND ND
STA2 14-Apr-89 ND 41 ND 0.03 0.92 ND ND
STA2 15-May-89 ND 40 0.03
STA2 16-May-89 ND 0.91 ND ND
STA2 19-Jun-89 ND 47 ND 0.02 1.02 ND ND
STA2 20-Jul-89 ND 54 ND ND 1.25 ND ND
STA2 23-Aug-89 ND 59 ND ND 1.25 ND ND
STA2 27-Sep-89 ND 52 ND ND 1.14 ND ND
STA2 28-Oct-89 ND 49 ND ND 1.08 ND ND
STA2 30-Jan-90 ND 55 ND 0.05 1.18 ND ND
STA2 29-Apr-90 ND 26 ND 0.13 0.65 ND ND
STA2 27-Jul-90 ND 55 0.1 ND 1.16 ND ND
STA2 30-Oct-90 ND 48 ND 0.03 1.05 ND ND
STA2 13-Nov-08 42 0.0089 0.0311 ND ND ND 0.0159 0.0162 ND
STA3 30-Jul-88 ND 21 0.1 0.02 0.45 ND
STA3 31-Aug-88 ND 21 ND 0.05 0.47 ND
STA3 23-Sep-88
STA3 21-Oct-88 ND 22 ND ND 0.47 ND ND
STA3 19-Nov-88 ND 23 0.2 ND 0.49 ND ND
STA3 19-Dec-88 ND 24 ND 0.42 0.51 ND ND
STA3 27-Jan-89 ND 23 ND 0.02 0.52 ND ND
STA3 24-Feb-89 ND 23 0.2 ND 0.49 ND ND
STA3 21-Mar-89 ND 22 ND 0.02 0.49 ND ND
STA3 15-Apr-89 ND 23 ND ND 0.58 ND ND
STA3 16-May-89 ND 20 ND ND 0.45 ND ND
STA3 19-Jun-89 ND 22 ND 0.03 0.5 ND ND
STA3 20-Jul-89 ND 25 ND ND 0.52 ND ND
STA3 23-Aug-89 ND 23 ND 0.01 0.55 ND ND
STA3 26-Sep-89 ND 23 ND ND 0.53 ND ND
STA3 28-Oct-89 ND 25 ND ND 0.5 ND ND
STA3 31-Jan-90 ND 24 ND 0.02 0.51 ND ND
STA3 27-Apr-90 ND 17 ND 0.06 0.39 ND ND
STA3 27-Jul-90 ND 27 0.1 ND 0.58 ND ND
STA3 30-Oct-90 ND 21 ND 0.01 0.47 ND ND
STA3 16-Nov-08 26 0.0063 0.0206 ND ND ND 0.00194 0.00221 ND
STA4 30-Jul-88 ND 28 0.1 0.08 0.62 ND
STA4 31-Aug-88 ND 31 ND 0.05 0.65 ND
STA4 23-Sep-88 ND 21 ND ND 0.51 ND
STA4 21-Oct-88 ND 22 ND ND 0.48 ND ND
STA4 19-Nov-88 ND 27 0.1 ND 0.57 ND ND
STA4 19-Dec-88 0.61
STA4 27-Jan-89
STA4 24-Feb-89
STA4 20-Mar-89 ND 30 ND 0.04 0.66 ND ND
STA4 14-Apr-89 ND 25 ND ND 0.56 ND ND
STA4 16-May-89 ND 19 ND ND 0.43 ND ND
STA4 19-Jun-89 ND 24 ND 0.04 0.54 ND ND
STA4 20-Jul-89 ND 33 ND ND 0.67 ND ND
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Station 
ID


Date 
Collected


Acidity, 
Total


(mg/L)


Alkalinity as 
CaCO3, Dissolved 


(mg/L)


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia + 
org-N (as N) 


(mg/L)


Ammonia + Org-N and 
Nitrogen, Dissolved


(mg/L)


Ammonia + Org-N 
as Nitrogen, Total 


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Ammonia as 
Nitrogen, Dissolved


(mg/L)


Anions 
(meq/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total 


(mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total 


(mg/L)


Beryllium, 
Dissolved 


(mg/L)
STA4 23-Aug-89 ND 36 ND 0.11 0.75 ND ND
STA4 27-Sep-89 ND 25 ND ND 0.56 ND ND
STA4 28-Oct-89 ND 24 ND ND 0.51 ND ND
STA4 19-Dec-89 ND 29 ND 0.27 ND ND
STA4 31-Jan-90 ND 28 ND 0.06 0.6 ND ND
STA4 29-Apr-90 ND 16 ND 0.04 0.37 ND ND
STA4 27-Jul-90 ND 27 0.1 ND 0.75 ND ND
STA4 16-Nov-08 20 0.0175 0.0235 ND ND ND 0.00224 0.00232 ND
STA5 30-Jul-88 ND 31 ND 0.01 0.78 ND
STA5 31-Aug-88 ND 34 ND 0.05 0.89 ND
STA5 23-Sep-88 ND 45 ND ND 1.16 ND
STA5 21-Oct-88 ND 45 ND ND 1.18 ND ND
STA5 19-Nov-88 1.3
STA5 20-Dec-88 1.3
STA5 29-Jan-89 ND 48 0.1 0.05 1.41 ND ND
STA5 24-Feb-89 ND 51 0.2 0.1 1.47 ND ND
STA5 22-Mar-89 ND 51 ND 0.02 1.51 ND ND
STA5 15-Apr-89 ND 1.47 ND ND
STA5 16-Apr-89 ND 52 ND
STA5 16-May-89 ND 47 ND ND 1.28 ND ND
STA5 19-Jun-89 ND 26 ND 0.03 0.65 ND ND
STA5 20-Jul-89 ND 29 ND ND 0.69 ND ND
STA5 23-Aug-89 ND 33 ND ND 0.88 ND ND
STA5 27-Sep-89 ND 43 ND ND 1.09 ND ND
STA5 28-Oct-89 ND 43 ND ND 1.16 ND ND
STA5 19-Nov-89 ND 48 0.2 0.36 ND ND
STA5 20-Dec-89 ND 47 ND 0.15 ND ND
STA5 30-Jan-90 ND 52 ND ND 1.47 ND ND
STA5 29-Apr-90 ND 39 ND 0.05 1.07 ND ND
STA5 27-Jul-90 ND 30 0.1 ND 0.8 ND ND
STA5 30-Oct-90 ND 44 ND ND 0.47 ND ND
STA5 13-Nov-08 45 0.0033 0.0081 ND 0.0008 0.0008 0.0325 0.0316 ND
STA6 12-May-88
STA6 30-Jul-88
STA6 31-Aug-88
STA6 23-Sep-88
STA6 22-Oct-88
STA6 18-Nov-88
STA6 20-Dec-88
STA6 29-Jan-89
STA6 24-Feb-89
STA6 25-Feb-89
STA6 20-Mar-89
STA6 22-Mar-89
STA6 14-Apr-89
STA6 12-May-89
STA6 16-May-89
STA6 19-Jun-89
STA6 20-Jul-89
STA6 23-Aug-89
STA6 27-Sep-89
STA6 13-Nov-08 42 0.0034 0.0105 ND 0.0009 0.0012 0.0319 0.0319 ND
STA7 30-Jul-88
STA7 31-Aug-88
STA7 23-Sep-88
STA7 22-Oct-88
STA7 18-Nov-88
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Station 
ID


Date 
Collected


Acidity, 
Total


(mg/L)


Alkalinity as 
CaCO3, Dissolved 


(mg/L)


Alkalinity as 
CaCO3, Total 


(mg/L)


Aluminum, 
Dissolved 


(mg/L)


Aluminum, 
Total


(mg/L)


Ammonia + 
org-N (as N) 


(mg/L)


Ammonia + Org-N and 
Nitrogen, Dissolved


(mg/L)


Ammonia + Org-N 
as Nitrogen, Total 


(mg/L)


Ammonia as 
Nitrogen 
(mg/L)


Ammonia as 
Nitrogen, Dissolved


(mg/L)


Anions 
(meq/L)


Arsenic, 
Dissolved 


(mg/L)


Arsenic, 
Total 


(mg/L)


Barium, 
Dissolved 


(mg/L)


Barium, 
Total 


(mg/L)


Beryllium, 
Dissolved 


(mg/L)
STA7 19-Dec-88
STA7 20-Dec-88
STA7 29-Jan-89
STA7 24-Feb-89
STA7 25-Feb-89
STA7 20-Mar-89
STA7 22-Mar-89
STA7 14-Apr-89
STA7 12-May-89
STA7 16-May-89
STA7 19-Jun-89
STA7 20-Jul-89
STA7 23-Aug-89
STA7 26-Sep-89
STA7 13-Nov-08 42 0.0081 0.0079 0.011 0.001 0.009 0.0318 0.0319 ND
SWEQB 13-Nov-08 ND ND 0.39 ND


Note: Blank cells indicate component was not analyzed.


Abbreviations
CaCO3: Calcium carbonate
meq/L Milliequivalents per liter
mg/L: Milligrams per liter
µS/cm: Microsiemens per centimeter
NTU: Nephelometric Turbidity Units
ND: Not detected.  If available, reporting limits are provided in the database (Attachment 3).
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Station 
ID


Date 
Collected


15283550 18-Mar-99
15283550 29-Jun-99
15283550 12-Nov-99
15283550 05-Apr-00
15283550 28-Jun-00
15283550 23-Sep-00
15283550 27-Mar-01
15283550 19-Jun-01
15283550 12-Oct-01
15283700 04-Oct-48
15283700 19-Apr-49
15283700 18-Apr-51
15283700 05-May-51
15283700 14-May-51
15283700 21-Nov-51
15283700 11-Feb-52
15283700 12-Mar-52
15283700 18-Apr-52
15283700 07-May-52
15283700 12-Jun-52
15283700 16-Jul-52
15283700 13-Sep-52
15283700 29-Sep-52
15283700 12-May-56
15283700 09-Aug-71
15283700 30-Jun-98
15283700 18-Mar-99
15283700 29-Jun-99
15283700 12-Nov-99
15283700 05-Apr-00
15283700 28-Jun-00
15283700 23-Sep-00
15283700 27-Mar-01
15283700 19-Jun-01
15283700 12-Oct-01
STA1 30-Jul-88
STA1 31-Aug-88
STA1 23-Sep-88
STA1 21-Oct-88
STA1 22-Oct-88
STA1 18-Nov-88
STA1 20-Dec-88
STA1 27-Jan-89
STA1 24-Feb-89
STA1 22-Mar-89
STA1 15-Apr-89
STA1 16-May-89
STA1 19-Jun-89
STA1 20-Jul-89
STA1 23-Aug-89
STA1 27-Sep-89
STA1 28-Oct-89
STA1 30-Jan-90
STA1 27-Apr-90
STA1 27-Jul-90
STA1 30-Oct-90
STA1 13-Nov-08


Beryllium, 
Total


(mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total 


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Carbonate, 
CO3


(mg/L)


Cation/Anion 
Difference


(%)


Cations 
(meq/L)


Chloride 
(mg/L)


Chloride, 
Dissolved 


(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Hexavalent, Total


(mg/L)


Chromium, 
Total


(mg/L)


Color 
(Color 
Units)


Conductivity at 25 
Degrees Celsius 


(µS/cm)


Copper, 
Dissolved 


(mg/L)


Copper, 
Total 


(mg/L)


Fluoride 
(mg/L)


40 ND 16.6 7.95 ND 130 ND
28 ND 9.3 0.75 ND 48 0.0015
37 ND 13.8 2.95 ND 100 0.001
42 ND 16.6 6.75 ND 125 0.0006
25 ND 7.91 0.39 0.0007 50
32 ND 9.84 0.63 0.0006 67
38 ND 17.9 6.49 ND 129 ND
23 ND 7.42 0.44 ND 51 0.0012
36 ND 13.2 2.23 ND 90 ND


13 2 88
7 139


14 3.4 102
13 2.2 97
11 1.9 82
15 5.2 110
16 5.5 117
16 5.8 126
16 5 121
16 5.5 116
8.4 1.8 54
10 0.8 66
13 0.5 80
13 1.5 89
13 3 104


130
9.96 1.03 0.00128 66 0.0021
18.1 5.98 137 0.001
10.1 0.79 58
16.7 2.31 120 0.0016
17.4 4.87 140
8.44 0.44 56
10.6 0.78 78
19.4 4.47 144
8.1 0.62 57 0.0019


14.5 1.98 105
29 0.04 ND 9.2 0 0 0.63 1.4 ND ND 69 0.07
32 0.05 ND 11 0 0 0.7 1.8 ND ND 78 0.05
38 0.07 ND 13 0 1.75 0.84 2.1 ND ND 92 0.1


ND ND ND ND
44 0.08 14 0 1.9 1.07 3.2 104 0.02
39 0.36 ND 14 0 1.96 1 3.2 ND ND 118 ND 0.03
45 0.08 ND 16 0 2.48 1.18 5 ND ND 135 ND 0.02
40 0.34 ND 17 0 0.41 1.2 6 ND ND 120 ND 0.09
43 0.28 ND 8.1 0 0.39 1.29 8.2 ND ND 130 ND 0.05
42 0.2 ND 18 0 1.15 1.29 9 ND ND 129 ND 0.07
62 0.39 ND 15 0 0.31 1.6 5.7 ND ND 155 ND 0.09
54 ND ND 15 0 1.19 1.25 2.8 ND ND 110 ND 0.06
25 ND ND 4.1 0 0.88 0.56 1.1 ND ND 57 ND 0.06
27 ND ND 9 0 2.8 0.52 2.1 ND ND 65 ND 0.03
35 0.01 ND 5.6 0 2.53 0.77 2.1 ND ND 70 ND 0.05
34 ND ND 12 0 0.63 0.8 2.1 ND ND 73 0.02 0.04
37 0.2 ND 13 0 2.22 0.88 2.8 ND ND 93 ND
40 ND ND 16 0 0 1.21 7.8 ND ND 118 ND
41 0.07 ND 17 0 0.48 1.04 3.2 ND ND 108 ND 0.02
30 0.2 ND 10 0 0 0.68 1.5 ND ND 60 ND 0.05
37 0.01 ND 13 0 0.52 0.95 3.5 ND ND 97 ND 0.07


ND ND ND 2.6 ND ND 0.0003 5 120 0.0006 0.0005 0.023
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Station 
ID


Date 
Collected


STA2 30-Jul-88
STA2 31-Aug-88
STA2 23-Sep-88
STA2 21-Oct-88
STA2 18-Nov-88
STA2 19-Nov-88
STA2 19-Dec-88
STA2 29-Jan-89
STA2 24-Feb-89
STA2 21-Mar-89
STA2 14-Apr-89
STA2 15-May-89
STA2 16-May-89
STA2 19-Jun-89
STA2 20-Jul-89
STA2 23-Aug-89
STA2 27-Sep-89
STA2 28-Oct-89
STA2 30-Jan-90
STA2 29-Apr-90
STA2 27-Jul-90
STA2 30-Oct-90
STA2 13-Nov-08
STA3 30-Jul-88
STA3 31-Aug-88
STA3 23-Sep-88
STA3 21-Oct-88
STA3 19-Nov-88
STA3 19-Dec-88
STA3 27-Jan-89
STA3 24-Feb-89
STA3 21-Mar-89
STA3 15-Apr-89
STA3 16-May-89
STA3 19-Jun-89
STA3 20-Jul-89
STA3 23-Aug-89
STA3 26-Sep-89
STA3 28-Oct-89
STA3 31-Jan-90
STA3 27-Apr-90
STA3 27-Jul-90
STA3 30-Oct-90
STA3 16-Nov-08
STA4 30-Jul-88
STA4 31-Aug-88
STA4 23-Sep-88
STA4 21-Oct-88
STA4 19-Nov-88
STA4 19-Dec-88
STA4 27-Jan-89
STA4 24-Feb-89
STA4 20-Mar-89
STA4 14-Apr-89
STA4 16-May-89
STA4 19-Jun-89
STA4 20-Jul-89


Beryllium, 
Total


(mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total 


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Carbonate, 
CO3


(mg/L)


Cation/Anion 
Difference


(%)


Cations 
(meq/L)


Chloride 
(mg/L)


Chloride, 
Dissolved 


(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Hexavalent, Total


(mg/L)


Chromium, 
Total


(mg/L)


Color 
(Color 
Units)


Conductivity at 25 
Degrees Celsius 


(µS/cm)


Copper, 
Dissolved 


(mg/L)


Copper, 
Total 


(mg/L)


Fluoride 
(mg/L)


61 0.03 ND 13 0 0 1.1 1 ND ND 108 0.08
65 0.02 ND 15 0 0.88 1.15 0.7 ND ND 114 0.06
52 ND ND 13 0 1.04 0.97 0.4 ND ND 97 0.1
56 0.02 ND 14 0 1.46 1.04 1.1 ND ND 92 ND 0.04
63 0.28 15 0 0 1.12 0.4 98 0.04


ND ND ND ND
63 0.01 ND 15 0 0.89 1.13 0.7 ND ND 103 ND 0.03
62 0.26 ND 17 0 2.18 1.17 1.1 ND ND 109 ND 0.09
70 0.21 ND 7.7 0 0.41 1.21 ND ND ND 102 ND 0.08
70 0.26 ND 15.7 0 0.41 1.22 0.7 ND ND 105 ND 0.07
49 0.4 ND 13 0 0.54 0.93 0.7 ND ND 89 ND 0.08


ND 0.06
48 ND 12 0 1.09 0.93 ND ND ND 77 ND
57 ND ND 6.9 0 0.99 1 0.7 ND ND 106 ND 0.06
71 ND ND 8.3 0 2.04 1.2 1 ND ND 105 ND 0.05
71 ND ND 8.3 ND 2.04 1.2 1 ND ND 105 ND 0.04
63 ND ND 15 0 0.44 1.13 1.8 ND ND 86 ND 0.04
60 0.16 ND 15 0 0.47 1.07 1.1 ND ND 104 ND
66 ND ND 16 0 0.39 1.19 0.5 ND ND 107 ND
31 0.04 ND 10 0 0.78 0.64 0.5 ND ND 65 ND 0.02
67 0.16 ND 17 0 0.87 1.14 0.4 ND ND 108 ND 0.06
59 0.01 ND 15 0 0.47 1.06 0.7 ND ND 105 ND 0.07


ND ND ND 0.5 ND ND 0.0002 15 101 0.001 0.001 0.097
25 0.05 ND 1.1 0 0 0.45 0.7 ND ND 51 0.06
26 0.01 ND 5.2 0 0 0.47 1.4 ND ND 49 0.05


26 ND ND 4.9 0 3.09 0.5 1.1 ND ND 43 ND 0.03
28 0.28 ND 4.9 0 2.97 0.52 0.7 ND ND 48 ND 0.03
29 0.01 ND 1.6 0 5.15 0.46 1.1 ND ND 50 ND 0.02
28 0.26 ND 5.7 0 0.97 0.51 1.1 ND ND 48 ND 0.08
27 0.22 ND 3.1 0 2.08 0.47 0.7 ND ND 53 ND 0.04
27 0.25 ND 5 0 0 0.49 1.4 ND ND 45 ND 0.04
27 0.4 ND 5.7 0 0.85 0.59 2.1 ND ND 46 ND 0.05
24 ND ND 4.6 0 2.27 0.43 1.1 ND ND 41 ND 0.03
26 ND ND 2.4 0 0 0.5 1.1 ND ND 46 ND 0.05
30 ND ND 5.9 0 1.96 0.5 0.7 ND ND 49 ND 0.04
28 ND ND 2.5 0 1.85 0.53 ND ND ND 49 ND 0.04
28 ND ND 6 0 2.91 0.5 2.5 ND ND 38 ND 0.04
60 0.17 ND 5.8 0 1.96 0.52 ND ND ND 49 ND
29 ND ND 6.6 0 1.31 0.52 0.8 ND ND 43 ND
21 0.03 ND 4.8 0 0 0.39 0.7 ND ND 42 ND 0.02
33 0.12 ND 8 0 0 0.58 0.4 ND ND 52 ND 0.06
26 0.01 ND 5 0 0 0.47 1.1 ND ND 48 0.01 0.05


ND 0.00004 ND 0.5 ND ND ND 15 58 0.0007 0.0006 ND
34 ND ND 7.2 0 1.64 0.6 0.4 ND ND 64 0.06
37 0.02 ND 7.4 0 0.76 0.66 0.7 ND ND 67 0.06
25 ND ND 5.3 0 0.99 0.5 2.8 ND ND 56 0.09
27 ND ND 4.9 0 3.03 0.51 1.1 ND ND 46 ND 0.03
31 0.3 ND 6.1 0 1.72 0.59 0.7 ND ND 50 ND 0.03
35 ND ND 7.3 0 4.27 0.56 ND ND 64 0.02


36 0.12 ND 6.9 0 0 0.66 0.7 ND ND 61 0.02 0.05
30 0.32 ND 7.5 0 0.88 0.57 1.1 ND ND 58 ND 0.05
23 ND ND 4.6 0 1.15 0.44 0.7 ND ND 43 ND 0.04
29 ND ND 3 0 0.93 0.53 1.1 ND ND 53 ND 0.05
40 ND ND 8.4 0 0 0.67 ND ND ND 64 ND 0.04
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Station 
ID


Date 
Collected


STA4 23-Aug-89
STA4 27-Sep-89
STA4 28-Oct-89
STA4 19-Dec-89
STA4 31-Jan-90
STA4 29-Apr-90
STA4 27-Jul-90
STA4 16-Nov-08
STA5 30-Jul-88
STA5 31-Aug-88
STA5 23-Sep-88
STA5 21-Oct-88
STA5 19-Nov-88
STA5 20-Dec-88
STA5 29-Jan-89
STA5 24-Feb-89
STA5 22-Mar-89
STA5 15-Apr-89
STA5 16-Apr-89
STA5 16-May-89
STA5 19-Jun-89
STA5 20-Jul-89
STA5 23-Aug-89
STA5 27-Sep-89
STA5 28-Oct-89
STA5 19-Nov-89
STA5 20-Dec-89
STA5 30-Jan-90
STA5 29-Apr-90
STA5 27-Jul-90
STA5 30-Oct-90
STA5 13-Nov-08
STA6 12-May-88
STA6 30-Jul-88
STA6 31-Aug-88
STA6 23-Sep-88
STA6 22-Oct-88
STA6 18-Nov-88
STA6 20-Dec-88
STA6 29-Jan-89
STA6 24-Feb-89
STA6 25-Feb-89
STA6 20-Mar-89
STA6 22-Mar-89
STA6 14-Apr-89
STA6 12-May-89
STA6 16-May-89
STA6 19-Jun-89
STA6 20-Jul-89
STA6 23-Aug-89
STA6 27-Sep-89
STA6 13-Nov-08
STA7 30-Jul-88
STA7 31-Aug-88
STA7 23-Sep-88
STA7 22-Oct-88
STA7 18-Nov-88


Beryllium, 
Total


(mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total 


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Carbonate, 
CO3


(mg/L)


Cation/Anion 
Difference


(%)


Cations 
(meq/L)


Chloride 
(mg/L)


Chloride, 
Dissolved 


(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Hexavalent, Total


(mg/L)


Chromium, 
Total


(mg/L)


Color 
(Color 
Units)


Conductivity at 25 
Degrees Celsius 


(µS/cm)


Copper, 
Dissolved 


(mg/L)


Copper, 
Total 


(mg/L)


Fluoride 
(mg/L)


43 ND ND 4.1 0 0.67 0.74 ND ND ND 70 ND 0.04
31 ND ND 6.8 0 1.75 0.58 1.8 ND ND 85 ND 0.04
29 0.16 ND 6.1 0 2.86 0.54 ND ND ND 52 ND


ND ND
34 ND ND 7.3 0 0.52 0.61 0.6 ND ND 55 ND
19 0.08 ND 4 0 1.37 0.36 0.8 ND ND 35 ND 0.02
42 0.16 ND 8.8 0 0.67 0.74 0.5 ND ND 60 ND 0.1


ND ND ND 0.4 ND ND ND 15 49 0.0008 0.0007 ND
37 0.04 ND 11 0 0.64 0.79 1.4 ND ND 86 0.05
41 0.05 ND 12 0 1.14 0.87 1.8 ND ND 93 0.05
54 0.03 ND 14 0 0.87 1.14 1.8 ND ND 116 0.1
55 0.06 ND 14 0 0.42 1.19 2.5 ND ND 108 ND 0.03
58 0.46 16 0 0.39 1.29 2.8 107 0.03
57 0.09 17 0 1.56 1.26 3.9 118 0.02
59 0.35 ND 18 0 0.71 1.39 5 ND ND 121 ND 0.08
62 0.27 ND 8.7 0 1.03 1.44 5.7 ND ND 150 ND 0.05
62 0.29 ND 19 0 2.03 1.45 6.7 ND ND 135 ND 0.04
63 ND 15 0 0 1.47 4.3 ND ND 144 ND


0.36 0.05
57 ND ND 15 0 1.19 1.25 2.8 ND ND 107 ND 0.04
31 ND ND 4.3 0 1.56 0.63 0.7 ND ND 63 ND 0.04
35 ND ND 10.1 0 2.22 0.66 0.7 ND ND 68 ND 0.03
40 ND ND 5.9 0 0.57 0.87 1.1 ND ND 78 ND 0.03
52 ND ND 14 0 1.87 1.05 2.1 ND ND 82 ND 0.03
52 0.2 ND 15 0 0.43 1.17 1.8 ND ND 109 ND


ND ND ND ND
ND ND ND 0.01


63 ND ND 19 0 0.36 1.48 5 ND ND 138 ND
47 0.08 ND 12 0 0.47 1.08 1.5 ND ND 110 ND 0.03
37 0.16 ND 12 0 0.63 0.79 1.3 ND ND 71 ND 0.04
26 0.01 ND 5 0 0 0.47 1.1 ND ND 48 0.01 0.05


ND ND ND 2.0 ND ND ND 5 133 0.0008 0.0007 0.030


ND ND ND 2.2 ND ND ND 5 132 0.6 0.6 0.031
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Station 
ID


Date 
Collected


STA7 19-Dec-88
STA7 20-Dec-88
STA7 29-Jan-89
STA7 24-Feb-89
STA7 25-Feb-89
STA7 20-Mar-89
STA7 22-Mar-89
STA7 14-Apr-89
STA7 12-May-89
STA7 16-May-89
STA7 19-Jun-89
STA7 20-Jul-89
STA7 23-Aug-89
STA7 26-Sep-89
STA7 13-Nov-08
SWEQB 13-Nov-08


Beryllium, 
Total


(mg/L)


Bicarbonate, 
HCO3
(mg/L)


Boron 
(mg/L)


Cadmium, 
Dissolved 


(mg/L)


Cadmium, 
Total 


(mg/L)


Calcium, 
Dissolved 


(mg/L)


Carbonate, 
CO3


(mg/L)


Cation/Anion 
Difference


(%)


Cations 
(meq/L)


Chloride 
(mg/L)


Chloride, 
Dissolved 


(mg/L)


Chromium, 
Dissolved 


(mg/L)


Chromium, 
Hexavalent, Total


(mg/L)


Chromium, 
Total


(mg/L)


Color 
(Color 
Units)


Conductivity at 25 
Degrees Celsius 


(µS/cm)


Copper, 
Dissolved 


(mg/L)


Copper, 
Total 


(mg/L)


Fluoride 
(mg/L)


ND ND ND 2.0 ND ND ND 5 130 0.7 0.7 0.029
ND ND ND
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Station 
ID


Date 
Collected


15283550 18-Mar-99
15283550 29-Jun-99
15283550 12-Nov-99
15283550 05-Apr-00
15283550 28-Jun-00
15283550 23-Sep-00
15283550 27-Mar-01
15283550 19-Jun-01
15283550 12-Oct-01
15283700 04-Oct-48
15283700 19-Apr-49
15283700 18-Apr-51
15283700 05-May-51
15283700 14-May-51
15283700 21-Nov-51
15283700 11-Feb-52
15283700 12-Mar-52
15283700 18-Apr-52
15283700 07-May-52
15283700 12-Jun-52
15283700 16-Jul-52
15283700 13-Sep-52
15283700 29-Sep-52
15283700 12-May-56
15283700 09-Aug-71
15283700 30-Jun-98
15283700 18-Mar-99
15283700 29-Jun-99
15283700 12-Nov-99
15283700 05-Apr-00
15283700 28-Jun-00
15283700 23-Sep-00
15283700 27-Mar-01
15283700 19-Jun-01
15283700 12-Oct-01
STA1 30-Jul-88
STA1 31-Aug-88
STA1 23-Sep-88
STA1 21-Oct-88
STA1 22-Oct-88
STA1 18-Nov-88
STA1 20-Dec-88
STA1 27-Jan-89
STA1 24-Feb-89
STA1 22-Mar-89
STA1 15-Apr-89
STA1 16-May-89
STA1 19-Jun-89
STA1 20-Jul-89
STA1 23-Aug-89
STA1 27-Sep-89
STA1 28-Oct-89
STA1 30-Jan-90
STA1 27-Apr-90
STA1 27-Jul-90
STA1 30-Oct-90
STA1 13-Nov-08


Fluoride, 
Dissolved 


(mg/L)


Hardness 
as CaCO3 


(mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, 
Total 


(mg/L)


Kjeldahl 
Nitrogen, Total


(mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total 


(mg/L)


Nitrate + Nitrite as 
Nitrogen, Dissolved


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrate+Nitrite 
as Nitrogen 


(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


49 ND 0.007 ND 1.79 ND 0.0025 ND 1.44 0.003
27 ND 0.056 ND 0.877 ND ND ND 0.403 0.003
41 ND 0.028 ND 1.51 0.0012 ND ND
49 ND ND 0.0007 1.83 ND ND ND
23 ND ND 0.721 ND ND 0.372 0.003
28 ND ND 0.9 ND ND
52 ND ND ND 1.82 ND ND ND 1.45 0.003
22 ND 0.224 ND 0.725 ND 0.0051 0.000007
38 ND 0.014 ND 1.33 ND ND ND


0 43 2.5


42 1.8
0.1 40 1.9
0.1 35 1.8
0.2 47 2.4
0.3 50 2.4
0.1 51 2.7
0 51 2.6


0.1 52 3
0.1 27 1.5
0 30 1.3
0 36 1.2


42 2.3
42 2.2


29 0.016 0.3 1.11 0.0251 0.13
56 0.02 2.71 0.0037 0.403
30 0.079 1.17 0.102
53 0.016 0.034 2.71 0.606
55 0.022 2.81 0.481
25 0.932 0.0027 0.102
32 0.013 1.25 0.201
60 2.83 0.4
24 0.478 0.946 0.0138 0.099
45 0.018 0.046 2.02 0.201
27 ND 0.17 ND ND 1.1 ND ND ND 0.12 ND
31 ND ND ND ND 1 ND ND ND 0.18 ND
36 ND ND 0.1 ND 1.2 ND ND ND 0.21 ND


ND 0.09 ND ND ND ND
42 0.1 1.9 0.26 ND
43 ND 0.11 0.1 ND 1.7 ND ND ND 0.31 ND
47 ND 0.08 0.2 ND 1.5 ND ND ND 0.94 ND
50 ND 0.08 ND ND 2.1 ND ND ND 0.65 ND
50 ND ND ND ND 7.3 ND ND ND 0.5 ND
52 ND ND ND ND 1.5 ND ND ND 0.34 ND
46 0.12 0.66 0.2 ND 2.3 0.02 0.05 ND 0.69 ND
42 0.06 0.06 0.1 0.08 1.1 ND ND ND 0.89 ND
25 ND 0.19 ND ND 3.6 ND ND ND 0.14 ND
23 ND 0.17 0.3 ND 0.1 ND ND ND ND ND
35 ND 0.34 ND ND 5 ND ND ND 0.31 ND
37 0.06 0.24 ND ND 1.6 ND ND ND 0.2 ND
38 ND ND 0.5 ND 1.5 ND ND ND 0.25 ND
49 ND ND ND ND 2.4 ND ND ND 0.38 ND
43 ND 0.32 0.5 ND 0.5 ND ND ND 1.58 ND
30 ND 0.16 1.1 ND 1 ND ND ND 0.08 ND
42 ND ND 0.1 ND 2.3 0.03 ND ND 0.29 ND


43.1 ND ND ND 0.00003 1.69 1.67 ND ND 0.2 0.31 ND
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Station 
ID


Date 
Collected


STA2 30-Jul-88
STA2 31-Aug-88
STA2 23-Sep-88
STA2 21-Oct-88
STA2 18-Nov-88
STA2 19-Nov-88
STA2 19-Dec-88
STA2 29-Jan-89
STA2 24-Feb-89
STA2 21-Mar-89
STA2 14-Apr-89
STA2 15-May-89
STA2 16-May-89
STA2 19-Jun-89
STA2 20-Jul-89
STA2 23-Aug-89
STA2 27-Sep-89
STA2 28-Oct-89
STA2 30-Jan-90
STA2 29-Apr-90
STA2 27-Jul-90
STA2 30-Oct-90
STA2 13-Nov-08
STA3 30-Jul-88
STA3 31-Aug-88
STA3 23-Sep-88
STA3 21-Oct-88
STA3 19-Nov-88
STA3 19-Dec-88
STA3 27-Jan-89
STA3 24-Feb-89
STA3 21-Mar-89
STA3 15-Apr-89
STA3 16-May-89
STA3 19-Jun-89
STA3 20-Jul-89
STA3 23-Aug-89
STA3 26-Sep-89
STA3 28-Oct-89
STA3 31-Jan-90
STA3 27-Apr-90
STA3 27-Jul-90
STA3 30-Oct-90
STA3 16-Nov-08
STA4 30-Jul-88
STA4 31-Aug-88
STA4 23-Sep-88
STA4 21-Oct-88
STA4 19-Nov-88
STA4 19-Dec-88
STA4 27-Jan-89
STA4 24-Feb-89
STA4 20-Mar-89
STA4 14-Apr-89
STA4 16-May-89
STA4 19-Jun-89
STA4 20-Jul-89


Fluoride, 
Dissolved 


(mg/L)


Hardness 
as CaCO3 


(mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, 
Total 


(mg/L)


Kjeldahl 
Nitrogen, Total


(mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total 


(mg/L)


Nitrate + Nitrite as 
Nitrogen, Dissolved


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrate+Nitrite 
as Nitrogen 


(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


47 ND 0.41 0.2 ND 3.4 ND 0.02 ND 0.37 ND
50 ND 0.09 0.2 ND 2.8 ND ND ND 0.34 ND
41 0.05 0.25 0.1 ND 1.9 ND ND ND 0.53 ND
45 ND 0.35 ND ND 2.6 ND ND ND 0.57 ND
48 0.1 2.8 0.49 ND


ND 0.16 ND ND ND ND
51 ND 0.11 0.4 ND 3 ND ND ND 0.56 ND
50 ND 0.24 ND ND 2.1 ND ND ND 0.58 ND
50 ND 0.07 0.1 ND 7.5 ND ND ND 0.6 ND
53 ND 0.07 ND ND 3.2 ND ND ND 0.5 ND
39 0.05 1.42 0.4 ND 1.3 ND 0.04 ND 0.91 ND
38 0.7


0.06 0.06 ND 1.8 ND ND ND 0.93 ND
43 ND 0.55 ND ND 6.4 ND ND ND 0.39 ND
46 ND 0.37 0.5 ND 7.8 ND ND ND 0.46 ND
53 ND 0.2 ND ND 7.8 ND ND ND 0.46 ND
50 0.09 0.49 ND ND 3.2 ND ND ND 0.67 ND
46 ND ND 0.5 ND 1.9 ND ND ND 0.58 ND
50 ND 0.1 ND ND 2.3 ND ND ND 0.66 ND
27 0.07 6.24 0.6 ND 0.1 ND 0.19 ND 1.47 ND
50 ND 0.06 0.6 ND 1.9 ND ND ND 0.26 ND
47 ND 0.16 0.3 ND 2.6 ND ND ND 0.51 ND


40.2 ND 0.067 0.00002 0.00003 2.32 2.33 0.3 0.2 0.8 0.48 ND
16 0.16 2.43 ND ND 3.3 ND 0.8 ND 0.05 ND
17 0.12 1.33 0.1 ND 1.1 0.03 0.03 ND ND ND


19 0.06 0.13 0.3 ND 1.7 ND ND ND ND ND
20 0.1 0.16 0.1 ND 1.7 ND ND ND 0.03 ND
19 0.05 0.15 1.6 ND 3.8 ND ND ND 0.04 ND
20 0.05 0.29 ND ND 1.5 ND ND ND 0.21 ND
17 ND 0.1 0.3 ND 2.3 ND ND ND 0.12 ND
18 ND 0.09 ND ND 1.2 ND ND ND 0.06 ND
23 ND 0.07 0.1 0.03 2.2 ND ND ND 0.1 ND
15 ND ND 0.1 ND 1 ND ND ND 0.06 ND
20 ND 0.21 ND ND 3.3 ND ND ND 0.01 ND
18 0.08 0.25 0.6 ND 1 0.03 0.05 ND ND ND
20 0.11 0.18 0.3 ND 3.3 0.05 0.05 ND 0.75 ND
20 ND 0.18 ND ND 1.2 ND ND ND 0.04 ND
20 0.07 0.07 1 ND 1.2 ND ND ND 0.06 ND
19 0.08 0.12 ND ND 0.5 ND ND ND 0.08 ND
14 0.1 0.27 0.2 ND 0.4 ND 0.02 ND 0.09 ND
22 ND 0.27 1.9 ND 0.5 ND 0.02 ND 0.1 ND
19 0.1 0.16 0.1 ND 1.5 ND ND ND 0.11 ND


19.1 0.026 0.084 0.00006 ND 1.31 1.42 0.0003 0.0003 ND 0.11 ND
23 ND 0.13 0.1 ND 1.2 ND ND ND 0.58 ND
26 0.24 0.48 ND ND 1.8 ND ND ND 0.18 ND
19 0.06 0.15 0.3 ND 1.3 ND ND ND 0.01 ND
20 ND 0.12 0.1 ND 1.7 ND ND ND 0.1 ND
24 0.08 0.15 ND ND 1.8 ND ND ND 0.16 ND
24 0.4 1.5 0.21 ND


24 ND 0.2 0.1 0.09 1.7 ND ND ND 0.29 ND
21 0.1 0.17 ND ND 0.5 ND ND ND 0.41 ND
16 ND ND 0.6 ND 1.1 ND ND ND 0.1 ND
21 0.07 0.12 ND ND 3.3 ND ND ND 0.05 ND
26 0.11 0.14 0.7 ND 1.2 ND ND ND 0.17 ND
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Station 
ID


Date 
Collected


STA4 23-Aug-89
STA4 27-Sep-89
STA4 28-Oct-89
STA4 19-Dec-89
STA4 31-Jan-90
STA4 29-Apr-90
STA4 27-Jul-90
STA4 16-Nov-08
STA5 30-Jul-88
STA5 31-Aug-88
STA5 23-Sep-88
STA5 21-Oct-88
STA5 19-Nov-88
STA5 20-Dec-88
STA5 29-Jan-89
STA5 24-Feb-89
STA5 22-Mar-89
STA5 15-Apr-89
STA5 16-Apr-89
STA5 16-May-89
STA5 19-Jun-89
STA5 20-Jul-89
STA5 23-Aug-89
STA5 27-Sep-89
STA5 28-Oct-89
STA5 19-Nov-89
STA5 20-Dec-89
STA5 30-Jan-90
STA5 29-Apr-90
STA5 27-Jul-90
STA5 30-Oct-90
STA5 13-Nov-08
STA6 12-May-88
STA6 30-Jul-88
STA6 31-Aug-88
STA6 23-Sep-88
STA6 22-Oct-88
STA6 18-Nov-88
STA6 20-Dec-88
STA6 29-Jan-89
STA6 24-Feb-89
STA6 25-Feb-89
STA6 20-Mar-89
STA6 22-Mar-89
STA6 14-Apr-89
STA6 12-May-89
STA6 16-May-89
STA6 19-Jun-89
STA6 20-Jul-89
STA6 23-Aug-89
STA6 27-Sep-89
STA6 13-Nov-08
STA7 30-Jul-88
STA7 31-Aug-88
STA7 23-Sep-88
STA7 22-Oct-88
STA7 18-Nov-88


Fluoride, 
Dissolved 


(mg/L)


Hardness 
as CaCO3 


(mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, 
Total 


(mg/L)


Kjeldahl 
Nitrogen, Total


(mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total 


(mg/L)


Nitrate + Nitrite as 
Nitrogen, Dissolved


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrate+Nitrite 
as Nitrogen 


(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


29 0.15 0.24 0.1 ND 4.6 0.02 0.02 ND 0.16 ND
23 0.15 1.99 ND ND 1.5 ND 0.04 ND 0.14 ND
20 ND ND 0.5 ND 1.3 ND ND ND 0.17 ND


0.12 0.18 ND ND ND ND
23 ND 0.15 0.2 ND 1.2 ND ND ND 0.28 ND
12 0.06 0.75 0.3 ND 0.6 ND 0.02 ND 0.24 ND
22 0.11 0.2 1.9 ND 1.5 0.02 0.02 ND 0.21 ND


15.8 0.031 0.048 0.00002 ND 1.17 1.16 ND ND 0.1 0.16 ND
32 ND 0.14 0.1 ND 1.3 ND ND ND 0.13 ND
36 0.05 0.07 0.1 ND 1.5 ND ND ND 0.12 ND
42 ND 0.11 0.2 ND 1.8 ND ND ND 0.25 ND
47 ND 0.05 ND ND 2.6 ND ND ND 0.31 ND
52 0.5 2.9 0.39 ND
53 0.7 2.7 0.43 ND
55 ND 0.1 ND ND 2.8 ND ND ND 0.47 ND
57 ND 0.05 0.1 ND 8.8 ND ND ND 0.49 ND
59 ND 0.05 ND 0.02 2.9 ND ND ND 0.38 ND


0.08 0.3 ND 3.2 ND ND ND 0.68 ND
51 0.1
44 ND ND 0.6 ND 1.7 ND ND ND 0.78 ND
27 ND 0.29 ND ND 4 ND ND ND 0.15 ND
28 ND 0.14 0.7 ND 0.7 ND ND ND 0.09 ND
36 ND 0.27 ND ND 5.4 ND ND ND 0.51 ND
43 0.05 0.96 ND ND 1.7 ND ND ND 0.31 ND
46 ND ND ND ND 1.9 ND ND ND 0.38 ND


ND 0.08 ND ND ND ND
ND 0.08 ND ND ND ND


56 ND 0.07 ND ND 2.2 ND ND ND 0.49 ND
36 0.1 6.14 0.5 ND 1.6 ND 0.18 ND 1.59 ND
34 ND 0.11 0.3 ND 1 ND ND ND 0.13 ND
50 ND 0.4 ND ND 1.5 ND ND ND 0.11 ND


50.4 ND 0.035 0.00003 ND 2.57 2.53 ND ND 0.3 0.32 ND


47.5 0.023 0.059 0.00003 ND 2.38 2.31 ND ND 0.3 0.34 ND
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Station 
ID


Date 
Collected


STA7 19-Dec-88
STA7 20-Dec-88
STA7 29-Jan-89
STA7 24-Feb-89
STA7 25-Feb-89
STA7 20-Mar-89
STA7 22-Mar-89
STA7 14-Apr-89
STA7 12-May-89
STA7 16-May-89
STA7 19-Jun-89
STA7 20-Jul-89
STA7 23-Aug-89
STA7 26-Sep-89
STA7 13-Nov-08
SWEQB 13-Nov-08


Fluoride, 
Dissolved 


(mg/L)


Hardness 
as CaCO3 


(mg/L)


Iron, 
Dissolved 


(mg/L)


Iron, 
Total 


(mg/L)


Kjeldahl 
Nitrogen, Total


(mg/L)


Lead, 
Dissolved 


(mg/L)


Lead, 
Total 


(mg/L)


Magnesium, 
Dissolved 


(mg/L)


Magnesium, 
Total


(mg/L)


Manganese, 
Dissolved 


(mg/L)


Manganese, 
Total


(mg/L)


Mercury, 
Dissolved 


(mg/L)


Nickel, 
Dissolved 


(mg/L)


Nickel, 
Total 


(mg/L)


Nitrate + Nitrite as 
Nitrogen, Dissolved


(mg/L)


Nitrate as 
Nitrogen 
(mg/L)


Nitrate+Nitrite 
as Nitrogen 


(mg/L)


Nitrite as 
Nitrogen 
(mg/L)


49.4 0.037 0.036 ND ND 2.37 2.45 ND ND 0.3 0.31 ND
ND ND ND ND
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Station 
ID


Date 
Collected


15283550 18-Mar-99
15283550 29-Jun-99
15283550 12-Nov-99
15283550 05-Apr-00
15283550 28-Jun-00
15283550 23-Sep-00
15283550 27-Mar-01
15283550 19-Jun-01
15283550 12-Oct-01
15283700 04-Oct-48
15283700 19-Apr-49
15283700 18-Apr-51
15283700 05-May-51
15283700 14-May-51
15283700 21-Nov-51
15283700 11-Feb-52
15283700 12-Mar-52
15283700 18-Apr-52
15283700 07-May-52
15283700 12-Jun-52
15283700 16-Jul-52
15283700 13-Sep-52
15283700 29-Sep-52
15283700 12-May-56
15283700 09-Aug-71
15283700 30-Jun-98
15283700 18-Mar-99
15283700 29-Jun-99
15283700 12-Nov-99
15283700 05-Apr-00
15283700 28-Jun-00
15283700 23-Sep-00
15283700 27-Mar-01
15283700 19-Jun-01
15283700 12-Oct-01
STA1 30-Jul-88
STA1 31-Aug-88
STA1 23-Sep-88
STA1 21-Oct-88
STA1 22-Oct-88
STA1 18-Nov-88
STA1 20-Dec-88
STA1 27-Jan-89
STA1 24-Feb-89
STA1 22-Mar-89
STA1 15-Apr-89
STA1 16-May-89
STA1 19-Jun-89
STA1 20-Jul-89
STA1 23-Aug-89
STA1 27-Sep-89
STA1 28-Oct-89
STA1 30-Jan-90
STA1 27-Apr-90
STA1 27-Jul-90
STA1 30-Oct-90
STA1 13-Nov-08


Nitrite as Nitrogen, 
Dissolved


(mg/L)


Organic 
Phosphorus, Total


(mg/L)


Ortho 
Phosphorus 


(mg/L)


Orthophosphate 
(mg/L)


Orthophosphate 
(as P)
(mg/L)


Orthophosphate 
as P, Dissolved 


(mg/L)


Orthophosphate, 
Dissolved


(mg/L)


Oxygen, 
Dissolved 


(%)


Oxygen, 
Dissolved 


(mg/L)
pH


Phosphorus 
as P


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Total (as P) 


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Selenium, 
Dissolved 


(mg/L)
0.003 0.001 7.7 ND 0.47
0.006 0.002 7.6 ND 0.35


ND 7.6 ND 0.44
0.015 0.005 7.6 ND 0.52


ND 7.7 0.28
ND 7.3 0.41


0.015 0.005 7.5 0.002 0.52
ND 7.6 0.019 0.29
ND 7.5 ND 0.38


0.25


0.45
0.63
0.41
0.23
0.25
0.25
0.36
0.36
0.2


0.16
0.36 0.9
0.2 0.8


0.6


99 10.8 7.9 0.37
0.4 0.002 0.006 98 14.1 7.8 0.49


0.001 0.003 93 11.2 7.7 0.42
80 11.5 7.7 0.58


0.005 0.015 93 13 7.8 0.56
0.1 111 13 7.6 0.29
0.2 0.001 0.003 11.5 7.6 0.46


96 13.1 7.8 0.51
99 11.6 7.7 0.013 0.31
100 14.1 7.5 0.44


0.002 0.002 7.28 0.4 ND
ND 0.001 7.16 0.3 ND


0.003 0.008 7.42 0.011 0.4 ND
ND


0.002 0.012 7.05 0.022 0.4
ND 0.003 7.17 0.005 0.4 ND
ND 0.001 7.53 0.007 0.6 ND
ND ND 7.31 ND ND ND


0.013 0.008 7.33 0.024 0.7 ND
0.002 0.005 7.51 0.006 0.3 ND
0.023 0.015 7.81 0.045 1.4 ND
0.001 0.02 7.68 0.026 0.7 ND
0.004 0.007 6.72 0.019 0.1 ND
0.004 0.003 7.4 0.009 0.4 ND
0.01 0.003 7.1 0.019 0.5 ND


0.001 0.005 7.44 0.006 0.4 ND
0.005 0.005 7.33 0.02 0.3 ND
ND 0.014 7.1 0.03 0.8 ND
ND 0.008 7.7 0.019 0.6 ND


0.011 0.008 7 0.019 0.4 ND
0.008 0.002 6.95 0.012 0.7 ND


7.64 ND
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Station 
ID


Date 
Collected


STA2 30-Jul-88
STA2 31-Aug-88
STA2 23-Sep-88
STA2 21-Oct-88
STA2 18-Nov-88
STA2 19-Nov-88
STA2 19-Dec-88
STA2 29-Jan-89
STA2 24-Feb-89
STA2 21-Mar-89
STA2 14-Apr-89
STA2 15-May-89
STA2 16-May-89
STA2 19-Jun-89
STA2 20-Jul-89
STA2 23-Aug-89
STA2 27-Sep-89
STA2 28-Oct-89
STA2 30-Jan-90
STA2 29-Apr-90
STA2 27-Jul-90
STA2 30-Oct-90
STA2 13-Nov-08
STA3 30-Jul-88
STA3 31-Aug-88
STA3 23-Sep-88
STA3 21-Oct-88
STA3 19-Nov-88
STA3 19-Dec-88
STA3 27-Jan-89
STA3 24-Feb-89
STA3 21-Mar-89
STA3 15-Apr-89
STA3 16-May-89
STA3 19-Jun-89
STA3 20-Jul-89
STA3 23-Aug-89
STA3 26-Sep-89
STA3 28-Oct-89
STA3 31-Jan-90
STA3 27-Apr-90
STA3 27-Jul-90
STA3 30-Oct-90
STA3 16-Nov-08
STA4 30-Jul-88
STA4 31-Aug-88
STA4 23-Sep-88
STA4 21-Oct-88
STA4 19-Nov-88
STA4 19-Dec-88
STA4 27-Jan-89
STA4 24-Feb-89
STA4 20-Mar-89
STA4 14-Apr-89
STA4 16-May-89
STA4 19-Jun-89
STA4 20-Jul-89


Nitrite as Nitrogen, 
Dissolved


(mg/L)


Organic 
Phosphorus, Total


(mg/L)


Ortho 
Phosphorus 


(mg/L)


Orthophosphate 
(mg/L)


Orthophosphate 
(as P)
(mg/L)


Orthophosphate 
as P, Dissolved 


(mg/L)


Orthophosphate, 
Dissolved


(mg/L)


Oxygen, 
Dissolved 


(%)


Oxygen, 
Dissolved 


(mg/L)
pH


Phosphorus 
as P


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Total (as P) 


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Selenium, 
Dissolved 


(mg/L)
0.007 ND 7.66 0.4 ND
0.002 0.001 7.57 0.3 ND
0.002 0.008 7.62 0.018 0.6 ND
0.014 0.012 7.1 0.042 0.3 ND
0.004 0.006 7.19 0.013 0.3


ND
0.003 0.005 7.68 0.011 0.3 ND
ND ND 7.74 ND ND ND
ND 0.002 7.61 ND 0.6 ND


0.013 0.006 7.68 0.005 0.7 ND
0.036 0.013 7.55 0.02 0.8 ND
0.003 0.018 0.021


7.68 0.7 ND
0.006 0.006 7.16 0.084 0.2 ND
0.007 0.003 7.76 0.014 0.1 ND
0.007 0.003 7.5 0.017 0.5 ND
0.009 0.005 7.58 0.02 0.5 ND
0.009 0.007 7.64 0.027 0.6 ND
0.003 0.011 8.3 0.037 0.6 ND
0.06 0.009 7.2 0.191 0.7 ND


0.012 0.004 7.7 0.017 0.4 ND
0.011 0.004 7.4 0.019 0.7 ND


7.74 ND
0.077 0.003 7.07 0.4 ND
0.028 0.003 6.64 0.4 ND


0.012 0.012 6.65 0.032 0.3 ND
0.013 0.003 6.56 0.021 0.3 ND
ND 0.002 7.17 0.009 0.2 ND
ND ND 7.23 ND ND ND
ND 0.002 6.67 0.004 0.3 ND


0.004 0.006 6.74 0.013 0.2 ND
0.018 0.01 6.52 0.033 0.2 ND
0.002 0.016 7.09 0.026 0.4 ND
0.001 0.005 6.62 0.025 0.2 ND
0.011 0.02 6.74 0.018 0.4 ND
0.012 0.003 6.3 0.022 ND ND
0.06 0.005 7.25 0.012 0.4 ND


0.012 0.004 7.01 0.025 0.4 ND
0.003 0.008 7 0.034 0.7 ND
0.006 0.009 6.8 0.022 0.6 ND
0.017 0.005 7 0.029 0.3 ND
0.008 0.004 6.7 0.014 0.5 ND


6.73 ND
0.006 ND 7.33 0.5 ND
0.01 0.002 7.02 0.4 ND


0.008 0.01 7.15 0.019 0.6 ND
0.007 0.01 6.98 0.025 0.2 ND
0.007 0.002 6.69 0.016 0.2 ND
0.003 0.002 7.33 0.008 ND


0.017 0.006 6.63 0.027 0.3 ND
0.028 0.02 6.89 0.054 1.5 ND
0.004 0.027 7.21 0.032 0.4 ND
0.006 0.006 6.65 0.019 0.1 ND
0.005 0.001 7.29 0.011 0.4 ND
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Station 
ID


Date 
Collected


STA4 23-Aug-89
STA4 27-Sep-89
STA4 28-Oct-89
STA4 19-Dec-89
STA4 31-Jan-90
STA4 29-Apr-90
STA4 27-Jul-90
STA4 16-Nov-08
STA5 30-Jul-88
STA5 31-Aug-88
STA5 23-Sep-88
STA5 21-Oct-88
STA5 19-Nov-88
STA5 20-Dec-88
STA5 29-Jan-89
STA5 24-Feb-89
STA5 22-Mar-89
STA5 15-Apr-89
STA5 16-Apr-89
STA5 16-May-89
STA5 19-Jun-89
STA5 20-Jul-89
STA5 23-Aug-89
STA5 27-Sep-89
STA5 28-Oct-89
STA5 19-Nov-89
STA5 20-Dec-89
STA5 30-Jan-90
STA5 29-Apr-90
STA5 27-Jul-90
STA5 30-Oct-90
STA5 13-Nov-08
STA6 12-May-88
STA6 30-Jul-88
STA6 31-Aug-88
STA6 23-Sep-88
STA6 22-Oct-88
STA6 18-Nov-88
STA6 20-Dec-88
STA6 29-Jan-89
STA6 24-Feb-89
STA6 25-Feb-89
STA6 20-Mar-89
STA6 22-Mar-89
STA6 14-Apr-89
STA6 12-May-89
STA6 16-May-89
STA6 19-Jun-89
STA6 20-Jul-89
STA6 23-Aug-89
STA6 27-Sep-89
STA6 13-Nov-08
STA7 30-Jul-88
STA7 31-Aug-88
STA7 23-Sep-88
STA7 22-Oct-88
STA7 18-Nov-88


Nitrite as Nitrogen, 
Dissolved


(mg/L)


Organic 
Phosphorus, Total


(mg/L)


Ortho 
Phosphorus 


(mg/L)


Orthophosphate 
(mg/L)


Orthophosphate 
(as P)
(mg/L)


Orthophosphate 
as P, Dissolved 


(mg/L)


Orthophosphate, 
Dissolved


(mg/L)


Oxygen, 
Dissolved 


(%)


Oxygen, 
Dissolved 


(mg/L)
pH


Phosphorus 
as P


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Total (as P) 


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Selenium, 
Dissolved 


(mg/L)
0.005 0.003 6.8 0.014 0.5 ND
0.008 0.008 7.25 0.017 0.5 ND
0.009 0.005 7.16 0.021 0.4 ND


ND
0.002 0.008 7 0.033 0.5 ND
0.019 0.008 6.9 0.046 0.6 ND
0.017 0.005 7 0.029 0.5 ND


7.03 ND
0.002 ND 7.43 0.5 ND
0.005 0.002 7.09 0.8 ND
0.002 0.006 7.59 0.01 0.5 ND
0.002 0.01 7.16 0.022 0.4 ND
0.003 ND 7.02 0.007 0.4
0.008 0.003 7.62 0.008 0.5
ND ND 7.58 ND 0.8 ND


0.002 0.001 7.6 0.003 0.6 ND
0.004 0.006 7.72 0.01 0.5 ND


7.67 0.9 ND
0.02 0.012 0.04


0.027 0.02 7.61 0.001 0.6 ND
0.005 0.006 6.76 0.02 0.3 ND
0.003 ND 7.52 0.009 0.3 ND
0.006 0.003 6.7 0.014 0.5 ND
0.004 0.005 7.49 0.009 0.5 ND
0.008 0.004 7.53 0.02 0.4 ND


ND
ND


ND 0.007 7.4 0.033 0.8 ND
0.018 0.009 7.4 0.078 0.7 ND
0.003 0.005 7.1 0.013 0.3 ND
0.007 0.007 6.7 0.01 0.5 ND


7.57 ND


7.63 ND
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Station 
ID


Date 
Collected


STA7 19-Dec-88
STA7 20-Dec-88
STA7 29-Jan-89
STA7 24-Feb-89
STA7 25-Feb-89
STA7 20-Mar-89
STA7 22-Mar-89
STA7 14-Apr-89
STA7 12-May-89
STA7 16-May-89
STA7 19-Jun-89
STA7 20-Jul-89
STA7 23-Aug-89
STA7 26-Sep-89
STA7 13-Nov-08
SWEQB 13-Nov-08


Nitrite as Nitrogen, 
Dissolved


(mg/L)


Organic 
Phosphorus, Total


(mg/L)


Ortho 
Phosphorus 


(mg/L)


Orthophosphate 
(mg/L)


Orthophosphate 
(as P)
(mg/L)


Orthophosphate 
as P, Dissolved 


(mg/L)


Orthophosphate, 
Dissolved


(mg/L)


Oxygen, 
Dissolved 


(%)


Oxygen, 
Dissolved 


(mg/L)
pH


Phosphorus 
as P


(mg/L)


Phosphorus, 
Dissolved 


(mg/L)


Phosphorus, 
Total


(mg/L)


Potassium, 
Total (as P) 


(mg/L)


Potassium, 
Dissolved 


(mg/L)


Selenium, 
Dissolved 


(mg/L)


7.63 ND
ND
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Station 
ID


Date 
Collected


15283550 18-Mar-99
15283550 29-Jun-99
15283550 12-Nov-99
15283550 05-Apr-00
15283550 28-Jun-00
15283550 23-Sep-00
15283550 27-Mar-01
15283550 19-Jun-01
15283550 12-Oct-01
15283700 04-Oct-48
15283700 19-Apr-49
15283700 18-Apr-51
15283700 05-May-51
15283700 14-May-51
15283700 21-Nov-51
15283700 11-Feb-52
15283700 12-Mar-52
15283700 18-Apr-52
15283700 07-May-52
15283700 12-Jun-52
15283700 16-Jul-52
15283700 13-Sep-52
15283700 29-Sep-52
15283700 12-May-56
15283700 09-Aug-71
15283700 30-Jun-98
15283700 18-Mar-99
15283700 29-Jun-99
15283700 12-Nov-99
15283700 05-Apr-00
15283700 28-Jun-00
15283700 23-Sep-00
15283700 27-Mar-01
15283700 19-Jun-01
15283700 12-Oct-01
STA1 30-Jul-88
STA1 31-Aug-88
STA1 23-Sep-88
STA1 21-Oct-88
STA1 22-Oct-88
STA1 18-Nov-88
STA1 20-Dec-88
STA1 27-Jan-89
STA1 24-Feb-89
STA1 22-Mar-89
STA1 15-Apr-89
STA1 16-May-89
STA1 19-Jun-89
STA1 20-Jul-89
STA1 23-Aug-89
STA1 27-Sep-89
STA1 28-Oct-89
STA1 30-Jan-90
STA1 27-Apr-90
STA1 27-Jul-90
STA1 30-Oct-90
STA1 13-Nov-08


Selenium, 
Total 


(mg/L)


Silver, 
Total 


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium Fraction 
of Cations 


(%)


Sodium, 
Dissolved 


(mg/L)


Solids, 
Settleable 


(mg/L)


Solids, Total 
Dissolved 


(mg/L)


Solids, Total 
Suspended 


(mg/L)


Sulfate 
(mg/L)


Sulfate, 
Dissolved 


(mg/L)


Turbidity 
(NTU)


Zinc, 
Dissolved 


(mg/L)


Zinc, 
Total 


(mg/L)
0.004 0.3 5.01 1 16.2 0.47 0.032
ND 0.1 1.24 0 6.07 1.7 ND
ND 0.2 2.61 ND 11.5 0.49 ND
ND 0.3 4.91 2 15.6 0.3 ND
ND 0.1 0.89 4.27 1.3 ND
ND 0.1 1.05 6.45 1 ND
ND 0.3 4.58 ND 15.6 2.5 ND
ND 0.1 0.83 17 4.56 3.4 ND
ND 0.2 2.35 1 9.44 1.2 ND


8
11
8.6
5.3
2.5
7.9
9.7
10
8.6
10
6.3
4.6


0.1 9 1.8 5.4
0.1 9 2 6.6
0.3 19 4.5 5.4


0.1 11 1.71 5.73 0.7 0.04
0.004 0.3 17 5.2 12.9 0.45


0.2 12 1.97 6.18 1.5
0.3 18 5.48 10.9 0.41
0.4 19 6.16 13.2 0.35
0.1 10 1.31 4.27 2.2
0.2 14 2.45 6.31 7.9
0.3 16 5.29 12.5
0.1 10 1.31 4.74
0.3 16 3.96 8.36


0.13 1.6 ND 28 8 5.3 1.6 ND
0.14 1.8 ND 24 1 5.3 ND
0.18 2.5 ND 54 2 8.2 ND


ND
0.34 5.1 ND 56 ND 9.5
0.21 3.3 ND 86 2 14 ND
0.34 5.2 ND 92 ND 14 ND
0.27 4.4 ND 80 ND 16 ND
0.38 6.1 ND 76 ND 14 ND
0.33 5.6 ND 80 ND 17 ND
0.96 15 ND 82 6 18 ND
0.6 9 ND 96 2 12 0.02


0.12 1.3 ND 34 ND 6 ND
0.1 1.1 ND ND ND 2.5 ND


0.12 1.7 ND 68 ND 7.4 0.3 0.01
0.1 1.4 ND 28 2 7.6 0.25 0.05
0.2 2.7 ND 48 ND 10 8.3 0.02
0.3 4.8 ND 72 ND 15 0.35 0.01


0.23 3.4 ND 72 10 7.4 2.5 0.01
0.13 1.7 ND 41 8 7.4 2 ND
0.16 2.3 ND 58 ND 12 1.2 ND


ND ND 54 ND 15.4 0.4 ND 0.014
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Station 
ID


Date 
Collected


STA2 30-Jul-88
STA2 31-Aug-88
STA2 23-Sep-88
STA2 21-Oct-88
STA2 18-Nov-88
STA2 19-Nov-88
STA2 19-Dec-88
STA2 29-Jan-89
STA2 24-Feb-89
STA2 21-Mar-89
STA2 14-Apr-89
STA2 15-May-89
STA2 16-May-89
STA2 19-Jun-89
STA2 20-Jul-89
STA2 23-Aug-89
STA2 27-Sep-89
STA2 28-Oct-89
STA2 30-Jan-90
STA2 29-Apr-90
STA2 27-Jul-90
STA2 30-Oct-90
STA2 13-Nov-08
STA3 30-Jul-88
STA3 31-Aug-88
STA3 23-Sep-88
STA3 21-Oct-88
STA3 19-Nov-88
STA3 19-Dec-88
STA3 27-Jan-89
STA3 24-Feb-89
STA3 21-Mar-89
STA3 15-Apr-89
STA3 16-May-89
STA3 19-Jun-89
STA3 20-Jul-89
STA3 23-Aug-89
STA3 26-Sep-89
STA3 28-Oct-89
STA3 31-Jan-90
STA3 27-Apr-90
STA3 27-Jul-90
STA3 30-Oct-90
STA3 16-Nov-08
STA4 30-Jul-88
STA4 31-Aug-88
STA4 23-Sep-88
STA4 21-Oct-88
STA4 19-Nov-88
STA4 19-Dec-88
STA4 27-Jan-89
STA4 24-Feb-89
STA4 20-Mar-89
STA4 14-Apr-89
STA4 16-May-89
STA4 19-Jun-89
STA4 20-Jul-89


Selenium, 
Total 


(mg/L)


Silver, 
Total 


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium Fraction 
of Cations 


(%)


Sodium, 
Dissolved 


(mg/L)


Solids, 
Settleable 


(mg/L)


Solids, Total 
Dissolved 


(mg/L)


Solids, Total 
Suspended 


(mg/L)


Sulfate 
(mg/L)


Sulfate, 
Dissolved 


(mg/L)


Turbidity 
(NTU)


Zinc, 
Dissolved 


(mg/L)


Zinc, 
Total 


(mg/L)
0.22 3.4 ND 50 6 2.1 1.2 ND
0.2 3.3 ND 48 4 0.8 0.03


0.22 3.2 ND 52 9 2.3 ND
0.21 3.2 ND 58 4 0.8 ND
0.2 3.3 ND 78 10 2.1


ND
0.15 2.6 ND 70 9 0.8 0.01
0.23 3.7 ND 68 ND 1.2 0.01
0.27 4.4 ND 66 4 0.6 0.04
0.21 3.5 ND 70 ND 1.2 ND
0.23 3.2 0.2 58 10 1 0.01
0.24 ND 64 9


3.5 1.9 0.02
0.2 2.9 ND 50 ND 1.2 0.01


0.19 3 ND 32 ND 1.6 0.02
0.18 3 ND 86 ND 1.6 0.75 0.03
0.18 2.9 ND 46 11 ND 0.55 ND
0.21 3.2 ND 54 70 1.4 0.7 0.01
0.24 3.9 ND 74 ND 1.5 0.5 0.01
0.17 2.1 ND 54 139 1 33 0.01
0.18 3 ND 61 5.6 1.5 0.95 ND
0.15 2.3 ND 52 3.2 1.4 1.2 ND


ND ND 39 ND 2.6 0.7 0.013 0.013
0.3 2.8 0.2 22 46 0.8 17 ND


0.26 2.5 ND 34 18 0.6 17 ND
18


0.25 2.5 ND 18 2 0.4 ND
0.27 2.7 ND 8 0.6 ND
0.14 1.4 ND 24 ND ND 0.03
0.25 2.5 ND 40 ND 0.6 0.01
0.29 2.7 ND 38 ND ND 0.03
0.31 3 ND 22 2.5 0.4 0.01
0.25 2.7 ND 30 1 2.7 ND
0.28 2.5 ND 32 6 1.4 0.02
0.23 2.4 ND 32 ND 2.1 0.01
0.28 2.7 0.2 20 ND 0.6 0.02
0.27 2.7 ND 50 ND 1.2 0.3 0.05
0.2 2.1 ND 16 8 ND 0.55 ND


0.27 2.8 ND 26 30 ND 0.7 0.02
0.3 3 ND 30 ND 0.6 0.5 0.01


0.27 2.2 ND 44 3 0.7 1.4 0.01
0.28 3.1 ND 45 22 0.6 5.8 ND
2.4 2 ND 30 24 0.7 1.1 ND


ND ND 35 ND 0.4 1.6 0.043 0.017
0.27 3.1 ND 30 5 1 0.6 ND
0.25 3 ND 34 2 0.4 ND
0.25 2.6 ND 40 7 0.8 ND
0.25 2.6 ND 28 ND ND ND
0.27 2.8 ND 48 9 1.2 0.04
0.16 1.9 ND 0.02


54
22


0.35 3.9 ND 1 1.2 ND
0.24 2.5 ND 1 0.4 0.01
0.28 2.5 ND 32 7 0.8 ND
0.24 2.6 ND 34 ND 1.9 0.02
0.27 3.2 ND 30 ND ND 0.08
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Station 
ID


Date 
Collected


STA4 23-Aug-89
STA4 27-Sep-89
STA4 28-Oct-89
STA4 19-Dec-89
STA4 31-Jan-90
STA4 29-Apr-90
STA4 27-Jul-90
STA4 16-Nov-08
STA5 30-Jul-88
STA5 31-Aug-88
STA5 23-Sep-88
STA5 21-Oct-88
STA5 19-Nov-88
STA5 20-Dec-88
STA5 29-Jan-89
STA5 24-Feb-89
STA5 22-Mar-89
STA5 15-Apr-89
STA5 16-Apr-89
STA5 16-May-89
STA5 19-Jun-89
STA5 20-Jul-89
STA5 23-Aug-89
STA5 27-Sep-89
STA5 28-Oct-89
STA5 19-Nov-89
STA5 20-Dec-89
STA5 30-Jan-90
STA5 29-Apr-90
STA5 27-Jul-90
STA5 30-Oct-90
STA5 13-Nov-08
STA6 12-May-88
STA6 30-Jul-88
STA6 31-Aug-88
STA6 23-Sep-88
STA6 22-Oct-88
STA6 18-Nov-88
STA6 20-Dec-88
STA6 29-Jan-89
STA6 24-Feb-89
STA6 25-Feb-89
STA6 20-Mar-89
STA6 22-Mar-89
STA6 14-Apr-89
STA6 12-May-89
STA6 16-May-89
STA6 19-Jun-89
STA6 20-Jul-89
STA6 23-Aug-89
STA6 27-Sep-89
STA6 13-Nov-08
STA7 30-Jul-88
STA7 31-Aug-88
STA7 23-Sep-88
STA7 22-Oct-88
STA7 18-Nov-88


Selenium, 
Total 


(mg/L)


Silver, 
Total 


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium Fraction 
of Cations 


(%)


Sodium, 
Dissolved 


(mg/L)


Solids, 
Settleable 


(mg/L)


Solids, Total 
Dissolved 


(mg/L)


Solids, Total 
Suspended 


(mg/L)


Sulfate 
(mg/L)


Sulfate, 
Dissolved 


(mg/L)


Turbidity 
(NTU)


Zinc, 
Dissolved 


(mg/L)


Zinc, 
Total 


(mg/L)
0.28 3.4 ND 70 ND 1 0.55 0.03
0.23 2.5 ND 26 9 ND 0.9 ND
0.27 2.7 ND 28 70 ND 0.4 0.01


ND 34 ND
0.29 3.3 ND 44 ND 0.9 0.65 ND
0.23 1.8 ND 44 17 0.9 3 0.01
0.28 4 ND 46 4 1.6 1.2 ND


ND ND 37 ND 0.7 0.6 0.015 0.025
0.23 3.1 ND 40 4 6 1.2 ND
0.22 3 ND 42 3 7 ND
0.47 7 ND 82 3 9.5 ND
0.37 5.8 ND 76 ND 9.1 ND
0.32 5.3 12
0.28 4.5 11 0.02
0.35 6 ND 60 2 13 0.01
0.36 6.2 ND 62 1 12 0.01
0.34 6 ND 96 1 13 ND


9.7 13 ND
0.59 ND 68 2
0.51 7.8 ND 74 1 9.5 ND
0.15 1.8 ND 90 ND 5.3 0.01
0.15 1.8 ND 24 ND 4.5 ND
0.22 2.9 ND 64 ND 7.4 0.75 0.03
0.27 4.1 ND 42 6 7.8 0.55 0.01
0.35 5.5 ND 50 ND 11 0.4 0.02


ND 90 4 0.02
ND 74 ND


0.45 7.9 ND 84 1 14 0.35 0.02
0.55 7.7 0.1 84 54 7 19 0.01
0.17 2.2 ND 51 9 7 1.7 ND
0.28 2 ND 68 ND 0.7 0.65 ND


ND ND 47 ND 12.4 0.4 0.017 0.014


ND 38 1
ND 70 2
ND 58 1
ND 94 2
ND 54 ND


ND 84 2
ND


ND 90
ND 68 3
ND 86 8


ND 48 6
ND 2 3
ND 72 ND
ND 32 3


ND ND 61 ND 14.3 0.3 0.0009 0.0014


ND 42 2
ND 74 3
ND 66 2
ND 102 2
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Station 
ID


Date 
Collected


STA7 19-Dec-88
STA7 20-Dec-88
STA7 29-Jan-89
STA7 24-Feb-89
STA7 25-Feb-89
STA7 20-Mar-89
STA7 22-Mar-89
STA7 14-Apr-89
STA7 12-May-89
STA7 16-May-89
STA7 19-Jun-89
STA7 20-Jul-89
STA7 23-Aug-89
STA7 26-Sep-89
STA7 13-Nov-08
SWEQB 13-Nov-08


Selenium, 
Total 


(mg/L)


Silver, 
Total 


(mg/L)


Sodium 
Adsorption 


Ratio


Sodium Fraction 
of Cations 


(%)


Sodium, 
Dissolved 


(mg/L)


Solids, 
Settleable 


(mg/L)


Solids, Total 
Dissolved 


(mg/L)


Solids, Total 
Suspended 


(mg/L)


Sulfate 
(mg/L)


Sulfate, 
Dissolved 


(mg/L)


Turbidity 
(NTU)


Zinc, 
Dissolved 


(mg/L)


Zinc, 
Total 


(mg/L)


ND 54 ND


ND 52 4
ND 70 ND


ND 70 4
ND 90 7


ND 48 4
ND 20 1
ND 66 ND
ND 50 6


ND ND 60 ND 13.2 0.4 0.0138 0.0006
0.0007


Note: Blank cells indicate component was not analyzed.


Abbreviations
CaCO3: Calcium carbonate
meq/L Milliequivalents per liter
mg/L: Milligrams per liter
µS/cm: Microsiemens per centimeter
NTU: Nephelometric Turbidity Units
ND: Not detected.  If available, reporting limits are provided in the database (Attachment 3).







ADDENDUM  2 
 


STREAM MORPHOLOGY STUDY ON BUFFALO CREEK 



















































































































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


ADDENDUM 3 
 
 


COMPARATIVE ANALYSIS OF HISTORICAL SURFACE WATER  
MONITORING DATA 


FROM MWH REPORT DATED MAY 03, 2013 
 
 


 
 







Table A3-1 Wishbone Hill Surface Water Monitoring Data1 


Year Data Type 
Moose Creek Buffalo Creek Premier Creek


Station 1/15283550 Station 6 Station 7 Station 5/152837002 Station 3 Station 4 Station 2 


1948-1956 
Flow


Water Quality Discrete – spring to fall


1971 
Flow


Water Quality August


1988-1990 
Flow Monthly Monthly  Seasonal


Water Quality Monthly Monthly Monthly Monthly Monthly Monthly X 


1990 
Flow Fall  X


Water Quality


1991-1992 
Flow Daily


Water Quality


1998 
Flow Daily


Water Quality June


1999-2001 
Flow Daily


Water Quality Seasonal Seasonal


2008 
Flow November November


Water Quality November November November November November November X 


2007-2009 
Flow Daily2


Water Quality


2012 
Flow July July


Water Quality


Key: 
1 – Table is intended as a quick reference; dates shown for some sites are approximate. 
2 – U.S. Geological Survey gage is still active; current data is available. 







Table A3-2 Water Quality Analysis for Surface Water 


Baseline (1988-1990 and early data starting 1948) 2008 and 1998-2001 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN STD.DEV 


pH (Lab) 8.3 7.2 6.3 0.4 6.8 to 7.6 7.9 7.6 6.7 0.2 
pH (Field) 8.2 7.04 5.2 0.57 6.47 to 7.61 8.09 6.94 5.45 0.78 


Specific Conductance (Lab) µS/cm 155 84.9 35 30.3 54.6 to 115.2 144 95.2 48 34.4 
Specific Conductance (Field) µS/cm 241 97.3 35 41.1 56.2 to 138.4 2076 304 67 538


Temperature °C 20 4.35 -2 4.02 0.33 to 8.37 1.1 0.32 0.01 0.38 


Dissolved Oxygen (Lab) mg/L NA NA 14.1 12.4 10.8 1.15 
Dissolved Oxygen (Field) mg/L 15 11.74 4.7 1.95 9.79 to 13.69 14.11 11.3 5.07 2.82 


Turbidity (Lab) NTU 33 3.29 0.25 6.6 0 to 9.89 7.9 1.32 0.3 1.6 
Turbidity (Field) NTU 46 2.97 0.2 5.81 0 to 8.78 7.01 2.85 0.53 1.93 


Alkalinity (total, Lab) mg/L 59 34.8 16 11.9 22.9 to 46.7 45 35.6 20 8.9 


Alkalinity (Field) mg/L 119 34 5 17.5 16.5 to 51.5 NA NA 


Aluminum (diss.) mg/L 0.2 0.135 0.1 0.05 0.085 to 0.185 0.0175 0.007 0.002 0.005 


Arsenic (diss.) mg/L ND ND 0.0012 0.00098 0.0008 0.00015


Barium (diss.) mg/L ND ND 0.39 0.068 0.0019 0.123 


Cadmium (diss.) mg/L ND ND 0.00004 0.00004 0.00004 0 


Copper (diss.) mg/L 0.02 0.014 0.01 0.005 0.009 to 0.019 0.7 0.186 0.0006 0.295 


Lead (diss.) mg/L 0.09 0.06 0.02 0.03 0.03 to 0.09 0.00006 0.000032 0.00002 0.000015 


Mercury (diss.) mg/L ND ND 0.000007 0.000007 0.000007 0 


Selenium mg/L ND ND ND ND


Zinc (diss.) mg/L 0.08 0.02 0.01 0.014 0.006 to 0.034 0.043 0.015 0.0007 0.013 


Chromium (total) mg/L ND ND 0.00128 0.0006 0.0002 0.0004


Chromium (diss.) mg/L ND ND ND ND 


Iron (total) mg/L 6.24 0.42 0.05 0.99 0 to 1.41 0.478 0.091 0.007 0.119 


Iron (diss.) mg/L 0.24 0.09 0.05 0.04 0.05 to 0.13 0.037 0.023 0.013 0.008 


Manganese (total) mg/L 0.8 0.1 0.02 0.2 0 to 0.3 0.0138 0.0063 0.0025 0.0044 


Manganese (diss.) mg/L 0.05 0.03 0.02 0.01 0.02 to 0.04 0.0027 0.002 0.0012 0.0008 







Table A3-2 (Cont.) Water Quality Analysis for Surface Water 


Baseline (1988-1990 and early data starting 1948) 2008 and 1998-2001 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN STD.DEV 


Ammonia (as N) mg/L 0.42 0.073 0.01 0.09 0 to 0.163 0.014 0.006 0.002 0.004 


Total Kjeldahl Nitrogen (as N) mg/L 1.9 0.4 0.1 0.4 0 to 0.8 NA NA 


Ortho Phosphorus mg/L 0.027 0.007 0.001 0.005 0.002 to 0.012 NA NA 


Total Organic Phosphorus mg/L 0.077 0.01 0.001 0.013 0 to 0.023 NA NA 


Total Phosphorus mg/L 0.191 0.023 0.001 0.024 0 to 0.047 NA NA 


Hardness as CaCO3 mg/L 59 35.6 12 12.9 22.7 to 48.5 60 38.6 15.8 12.9 


Total Acidity mg/L ND ND ND ND 
Sodium Adsorption Ratio 2.4 0.28 0.1 0.24 0.04 to 0.52 0.4 0.21 0.1 0.097 


Total Suspended Solids mg/L 139 10.05 1 19.7 0 to 29.75 17 4.2 0 6.43 


Total Dissolved Solids mg/L 102 53.7 2 22.1 31.6 to 75.8 61 47.6 35 10.14 
Settleable Solids mg/L 0.2 0.18 0.1 0.04 0.14 to 0.22 ND ND 


Boron mg/L 0.46 0.16 0.01 0.13 0.03 to 0.29 NA NA 
Fluoride mg/L 0.1 0.05 0.02 0.02 0.03 to 0.07 0.097 0.042 0.023 0.03 


Bicarbonate HCO3 mg/L 71 42.3 19 14.6 27.7 to 56.9 42 33.4 23 6.4 


Carbonate CO3 mg/L 0 0 0 0 NA NA 


Chloride mg/L 9 1.99 0.4 1.86 0.13 to 3.85 7.95 2.42 0.39 2.4 


Nitrate (as N) mg/L 1.59 0.37 0.01 0.32 0.05 to 0.69 1.45 0.56 0.1 0.5 


Nitrite (as N) mg/L ND ND 0.003 0.003 0.003 0


Sulfate SO4 mg/L 18 5.12 0.4 5.07 0.05 to 10.19 16.2 9.3 0.4 5.5 


Calcium (diss.) mg/L 19 10.46 1.1 4.7 5.76 to 15.16 19.4 12.94 7.42 3.99 


Magnesium (diss.) mg/L 8.8 2.27 0.1 1.6 0.67 to 3.87 2.83 1.68 0.721 0.7 


Potassium (diss.) mg/L 1.5 0.49 0.1 0.23 0.26 to 0.72 0.58 0.43 0.28 0.09 
Sodium (diss.) mg/L 15 3.5 1.1 2.03 1.47 to 5.53 6.16 3.07 0.83 1.82 







Table A3-2 (Cont.) Water Quality Analysis for Surface Water 


Baseline (1988-1990 and early data starting 1948) 2008 and 1998-2001 


CONSTITUENT UNITS MAX MEAN MIN STD.DEV. mean ± std.dev. MAX MEAN MIN STD.DEV 


Anions meq/L 1.61 0.86 0.37 0.33 0.53 to 1.19 NA NA 


Cations meq/L 1.6 0.85 0.36 0.3 0.55 to 1.15 NA NA 


Cation/Anion Difference % 5.15 1.12 0 1 0.12 to 2.12 NA NA 


Key: 
% – percent 
µS/cm - microSiemens per centimeter 
°C – degrees Celsius 
Max – maximum  
mg/L – milligrams per liter 
Min – minimum 
NA – not available 
ND – non-detect 
NTU – Nephelometric Turbidity Units 
Std. Dev. – standard deviation 


Bold indicates value is above or below the mean + std.dev. value. 
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SURFACE AND GROUNDWATER RIGHTS AND USES
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1.0  INTRODUCTION 
 
This chapter presents information on surface water and groundwater rights and uses in and near the 
proposed permit area of the Wishbone Hill Coal Project.  The permit area covers approximately 2.1 
square miles and is depicted on Figure 1. 
 
The area that was searched for water rights encompassed approximately 24 square miles and 
included distances of at least one mile from the Project’s permit boundary (Figure 1).  The Alaska 
Department of Natural Resource’s Land Administration System was used to identify all parties 
holding permits for the use of water resources in the search area.  It should be noted that springs are 
considered part of the groundwater system and are discussed in Section 3.0. 
 
 


2.1  SURFACE WATER RESOURCES 
 
Moose Creek is the major surface stream in the area and bounds the proposed mine site to the north 
and west.  The water rights search area includes the reach of Moose Creek extending from its 
confluence with the Matanuska River to approximately 2.5 miles upstream of the proposed Permit 
Area.   Buffalo and Premier Creeks are the only other named streams in the search area.  Buffalo 
Creek flows from Wishbone Lake across the proposed Permit Area and drains to Moose Creek.  
Premier Creek flows into Moose Creek from the north and does not cross the proposed Permit 
Area.  Wishbone and Elk's Lakes in addition to several other unnamed lakes and ponds are also 
located within the water rights search area (see Figure 1). 
 
Various lakes and ponds in the area may be used by local residents for activities related to hunting, 
camping, and fishing.  Table 1 provides a list of these water resources and includes the approximate 
location and estimated size. 
 


2.0  SURFACE WATER 
 


2.2  WATER RIGHTS 
 
One pending surface water right was found within the water rights search area.  This pending right 
is for an instream flow reservation covering the reach of Moose Creek that extends from its 
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confluence with the Matanuska River to a point located approximately 2.5 miles upstream of the 
permit boundary.  The application was submitted on January 30, 2009 and is currently being 
processed.  Information on this proposed right is summarized in Table 2.  Appendix A contains the 
Department of Natural Resources (DNR) Case Abstract as of May 4, 2009. 
 
2.3  EXISTING WATER SUPPLY INTAKES 
 
No known water supply intakes are located within the water rights search area.  The two surface 
water systems that flow through the permit area, Moose Creek and Buffalo Creek, were surveyed 
on foot within and adjacent to the permit area during baseline hydrological and biological studies.  
No supply intakes for current users of surface water were found during these surveys. 
 


3.1  GROUDWATER RESOURCES 
 
Groundwater resources in and near the proposed Permit Area are fairly limited.  Minor quantities of 
groundwater exist in sedimentary, igneous and metamorphic bedrock underlying the area.  Potential 
well yields from bedrock are expected to be generally less than several gallons per minute except in 
areas where the bedrock permeability is enhanced by fracturing or faulting. 
 
Groundwater exists in saturated glacial sediments overlying bedrock.  These sediments are highly 
variable in permeability but are generally expected to yield only moderate to low quantities of water 
for wells (i.e. less than 10 gpm).  Glacial sediments will often provide adequate well yields for 
domestic use. 
 
Alluvial sediments exist along Moose Creek but are generally thin and of limited areal extent in and 
immediately adjacent to the proposed Permit Area.  Low to moderate well yields (i.e. less than 10 
gpm) could be developed in these alluvial deposits.   
 
The alluvial deposits may be thicker and more laterally extensive near the mouth of Moose Creek 
and along the Matanuska River.  Therefore, it is possible that higher well yields could be developed 
along the lower reach of Moose Creek and in the Matanuska River Valley. 
 


3.0  GROUNDWATER 
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3.2  GROUNDWATER RIGHTS 
 
A list of the permitted groundwater resources within the water rights search area is provided in 
Table 2.  Out of the eight permits that were identified, 4 are for small unnamed springs while the 
remaining 4 address drilled water wells.  All eight of these water rights are located more than a mile 
from the proposed mining pits.  Appendix A contains the DNR’s Case Abstract for each of the 
permitted sources as of May 4, 2009. 
 
 
3.3  EXISTING WELLS 
 
With the exception of the monitoring wells  that were installed in conjunction with the 
hydrogeologic baseline studies for this permit application (see Chapter IV), no wells are known to 
exist within the proposed Permit Area.   
 
 
 
 


This report was originally prepared by Golder Associates Inc., 17301 West Colfax Avenue, Suite 
275, Golden, Colorado 80401. 


4.0  RESPONSIBLE PARTIES 
 















 


Table 2 
Water Rights Within the Wishbone Hill Water Rights Search Area 


 
     Location 


File No. Owner Application 


Date 


Status Type TN. R. SEC ¼ ¼ 


SEC 


Surface Water 


27142 Chickaloon 


Native Village 


1/30/09 Pending Instream  


Reservation 


The Reach of Moose Creek 


Within the Search Area 


Groundwater 


24581 S. Lanphier 2/19/04 Certificate Issued Spring 19N 2E 14 SE NE 


4769 D. Snyder 12/12/85 Certificate Issued Spring 19N 2E 21 SW SW 


24397 M. Smith 8/11/03 Certificate Issued Drilled Well 19N 2E 25 NW SE 


9655 J. McPherson 12/20/85 Certificate Issued Drilled Well 18N 2E 1 NE SW 


111 DNR DOPOR 11/2/82 Certificate Issued Spring 18N 2E 2 SW NW 


1792 W. Long 6/20/84 Certificate Issued Drilled Well 18N 2E 2 SW NE 


1932 W. Long 6/20/84 Certificate Issued Spring 18N 2E 2 SW NE 


24436 R. Gregg 9/16/03 Certificate Issued Drilled Well 18N 2E 2 NW SW 
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CHAPTER VII 
 


CLIMATOLOGICAL AND AIR QUALITY INFORMATION
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1.0  INTRODUCTION 
 
This Chapter presents a regional and area overview of the climate and air quality and also includes 
site specific data on meteorological and ambient air quality parameters.  The site specific data was 
collected from an air quality and meteorological monitoring station that was established on the 
Wishbone Hill mine permit area in October 1988 (see Figure VII-1).  The main body of this 
Chapter presents data that was initially collected from the monitoring station during the period of 
October 12, 1988 through June 30, 1989.  To further assess baseline conditions, the collection of 
data from the on-site monitoring station continued through October 31, 1991.  Air quality data was 
collected from October 12, 1988 through October 31, 1990 while the collection of meteorological 
data continued for a full three year period that started on October 23, 1988 and ended October 31, 
1991.  Addendum 1 contains summary information on the monitoring data that was collected for 
the entire period of record. 
 
2.0  REGIONAL AND AREA OVERVIEW 
 
2.1  


Wind direction and velocity are also highly variable depending on local topography.  Local winds 
tend to be oriented in the direction of valleys and rivers.  Strong northeast winds exceeding 60 mph 
periodically blow down the Matanuska River Valley in the fall through spring months.  They occur 
as often as 32 times per year but seldom in the summer.  These winds affect a substantial portion of 
the region depending on exposure.  Strong southeast winds often blow down the Knik River Valley 


Climate 
 
Five climatological zones have been identified for the state of Alaska:  maritime, maritime-
continental, transition, continental, and arctic (NOAA 1982).  The Matanuska Valley is considered 
to be in the transition zone between the maritime climate of coastal Alaska and the continental 
climate of interior Alaska.  The transition zone is typified by summer temperatures averaging in the 
low 60's and winter temperatures averaging near 0 degrees.  Maritime zones tend to have more 
moderate winter temperatures while continental zones tend to have greater temperature extremes. 
 
Precipitation is highly variable within the region depending on topography.  Yearly average 
precipitation in valley areas such as Palmer is about 15 inches including 56 inches of snowfall 
while precipitation in mountainous areas can be over 80 inches including over 200 inches of 
snowfall. 
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in the summer.  The impact of these winds is felt within a limited area in the direct line of exposure. 
 
Long term temperature and precipitation data for Palmer, centrally located in the Matanuska Valley 
about 8 miles from the Wishbone Hill Mine site, are presented in Table VII-1.  Wind speed and 
direction information is presented in Table VII-2. 
 
Little long-term climatological data exist for portions of the Matanuska Valley area north and east 
of Palmer; however, the short-term information that does exist suggests that significant differences 
in temperature and precipitation occur between Palmer and Sutton, near the project area.  Sutton 
(Table VII-3) has significantly greater precipitation and a higher mean temperature than Palmer in 
spite of its higher elevation. 
 
Wind speed and direction have been monitored in recent years by the Alaska Department of Natural 
Resources Division of Geological and Geophysical Surveys at a station on Wishbone Hill about 1 
mile northeast of the proposed mine permit area, near Wishbone Lake.  The results of this 
monitoring effort are summarized in Table VII-4.  The Wishbone Lake area is characterized by 
moderate east-northeast winds in the fall and winter and light southwest winds in the summer.  
Although the area is affected by the Matanuska wind phenomenon, maximum wind speed appears 
to be substantially less than is the case for Palmer and other areas closer to the Matanuska River. 
 
2.2  


3.0  SITE CONDITIONS 
 


Air Quality 
 
The Matanuska-Susitna Borough is classified by the Alaska Department of Environmental 
Conservation as a Class II P.S.D. area which is considered to be clean air (Mat-Su Borough 1981).  
Few significant sources of air pollution exist in the area.  Naturally occurring blowing dust occurs 
as "Matanuska Winds" pick up glacial sediment from the Matanuska and Knik River floodplains.  
Dust occurs most often in the spring and fall when high winds correspond with a lack of snow 
cover. 
 


3.1  


A meteorological and air quality monitoring station was established on the project site in October 
1988 with data collection officially beginning on October 12.  The station was intended to provide 


Project Monitoring Program 
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baseline information regarding background pollutant concentrations and meteorological data for the 
proposed mine area over a minimum 12 month period.  The pollutant monitoring parameters 
included inhalable particulate (PM-10), and total suspended particulate (TSP).  A 10-meter 
meteorological tower was also established to monitor wind speed, wind direction, ambient 
temperature, and precipitation. 
 
The monitoring site is located at the Universal Transverse Mercator (UTM) coordinates 2,816,750 
north and 559,050 east.  The site is immediately south of the proposed mine pit number 1 and about 
3000 ft. west of the proposed mine facilities area (Figure VII-1).  The site provides meteorological 
data representative of the mine area, as well as background particulate concentrations. 
 
The particulate data collection was based on the National Sixth-day Sampling Schedule.  Additional 
sampling was required in the spring and late fall to assess particulate concentrations resulting from 
the entrainment of glacial dust in the Matanuska River basin.  Particulate sampling occurred on an 
every-other-day basis from April 1-May 15 and October 1 through November 30.  The other 
continuously monitored meteorological data were electronically recorded by a microprocessor-
based data acquisition system (DAS) yielding hourly averages.  The DAS was backed up by a strip 
chart recorder. 
 
The components of the monitoring station include a TSP high volume sampler, two collocated PM-
10 high volume samplers, and a 10-meter meteorological tower.  The particulate samplers were 
placed on a raised platform, with the sampler inlets positioned at approximately 3 meters above 
ground level.  Wind speed, wind direction, and temperature sensors were placed at the 10-meter 
level on the tower.  The propane-heated precipitation gauge was located on a separate platform and 
protected by a wind screen to minimize the impact of blowing snow.  A small shelter to house the 
DAS, meteorological translator, and backup strip chart recorder was designed and constructed 
specifically for the extreme weather conditions encountered in the Matanuska Valley.  Due to the 
remote location of the monitoring site, line power is not available.  The particulate samplers were 
powered by a propane fueled generator.  The meteorological and data acquisition systems were 
powered by a 12 volt direct current battery pack. 
 
A listing of the equipment and instrumentation employed during the Wishbone Hill air quality and 
meteorological monitoring program is presented in Table VII-5.   
 
A field technician provided and trained by Environmental Science and Engineering, Inc. conducted 
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onsite operations and maintenance at the station.  The operator visited the station as necessary to 
maintain the air quality sampling schedule.  During each visit the operator performed routine 
quality assurance and maintenance procedures to ensure successful data capture.   
 
A station narrative log was maintained by the field technician to document all activities which 
affected data collection.  Such activities included: 
 
 Zero checks     Equipment repair 
 Span checks     Weather conditions 
 Calibrations     On-site activities 
 Sample recovery    Equipment maintenance 
 
Quality assurance measures for the Wishbone Hill monitoring program followed EPA "Ambient 
Monitoring Guidelines for Prevention of Significant Deterioration (PSD)", EPA-450/4-87-007, 
May 1987.  Data precision was assessed for the particulate monitors by comparing the data from the 
two collocated PM-10 samplers.  Data accuracy was assessed by conducting independent 
performance audits on all monitoring systems.  The particulate samplers are audited each quarter 
and the meteorological systems audited semiannually. 
 
The following sections of this baseline report present meteorological and air quality data for three 
quarters of monitoring from October, 1988 through June, 1989.  Detailed presentations of 
monitoring data are available in Hunter/ESE 1989a, 1989b, and 1989c. 
 
3.2  


Summaries of meteorological parameters are presented for each quarterly period in Tables VII-6a 


Climate 
 
The meteorological data collected at the Wishbone Hill site, as expected, were dominated by the 
movement of air masses down the Matanuska River drainage between the Alaska Range to the 
north and the Chugach Range to the south. 
 
Data recovery was above 90 percent for all parameters during the last quarter of 1988.  During the 
first quarter of 1989, data recovery for temperature and precipitation was above 90 percent while 
wind direction and sigma theta were 80 percent and wind speed was 83 percent.  Recovery for all 
meteorological parameters in the second quarter of 1989 was greater than 98 percent. 
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through VII-6c.  The temperature data for the last quarter of 1988 indicated normal seasonal 
variations.  The mean ambient temperature for the quarter was -6.4 degrees Celsius, the maximum 
temperature was 4.9 degrees C. and the minimum was -22.7 degrees C.  The temperature data for 
the first quarter of 1989 indicated unusually cold conditions, especially during January.  The mean 
ambient temperature for the quarter was -9 degrees C., the maximum temperature was 9 degrees C. 
and the minimum temperature was -40 degrees C.  During the second quarter of 1989 temperatures 
exhibited normal seasonal variations.  The quarter was unusually damp with 253 rain events and an 
accumulation of 3.94 inches of precipitation. 
 
The wind direction data indicated the predominant winds were from the east-southeast during the 
winter period.  This suggests that local topography within the project area may influence the wind 
direction since winter winds in Palmer and at the Department of Natural Resources Wishbone Lake 
weather station tend to be from the northeast or north-northeast per the orientation of the Matanuska 
River valley.  The predominant range of wind speed in the October-December period was 6.7-11.2 
mph with a percent occurrence of 31 percent.  Calm conditions had a frequency of occurrence of 
7.3 percent and mean wind speed for the period was 6.7 mph.  The highest recorded hourly average 
wind speed was 23.6 mph on December 2.   
 
During the January-March 1989 period, winds were light with a predominant wind speed range of 
1.0-4.5 mph having a frequency of occurrence of 42 percent.  Calm conditions had a frequency of 
occurrence of 26 percent.  The quarterly mean wind speed was 3.9 mph.  Although light wind 
predominated most of the quarter, some high wind events were recorded.  The highest and second 
highest 15 minute averages were 24.4 and 23.9 mph; both were recorded on March 3, 1989.  A 
review of the strip chart data indicated peak gusts approaching 50 mph. 
 
In April the predominating wind direction switched from the east-southeast winter condition to a 
more westerly orientation which is typical of summer conditions.  Winds were generally light in the 
spring months. 
 
Wind rose diagrams for each of the monitored months as well as quarterly wind roses are presented 
in Figures VII-2 through VII-13. 
 
A quality assurance audit was conducted on April 1, 1989 on the Wishbone Hill meteorological 
monitoring system.  All parameters remained within quality assurance guidelines. 
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3.3  Air Quality 
 
As previously mentioned, data for both TSP and PM-10 were collected at the Wishbone Hill site.  
The particulate data for the periods October-December 1988, January-March 1989, and April-June 
1989 are presented in Tables VII-7a through VII-7c respectively. 
 
As expected, some elevated particulate levels were observed in October and November.  The 
highest PM-10 value was 49 ug/m3 observed on November 7, 1989.  The mean PM-10 value for the 
entire sampling period was 13.7 ug/m3 with a standard deviation of 10.7.  The highest TSP value 
was 324 ug/m3 recorded November 9, 1989.  the mean TSP value was 49.8 ug/m3 with a standard 
deviation of 72.3.  A cursory review of the data in Table VII-7a indicates several days with elevated 
particulate concentrations.  As expected, these days also showed elevated wind speeds.  This is 
especially true of November 7 and November 9.  Hourly wind speeds of over 9 mph were recorded 
on November 7 and over 16 mph on November 9.  Wind gusts during those periods were 
undoubtedly much higher.  The on site technician noted in the field log the presence of visible 
clouds of dust to the southeast of the site over the Matanuska River valley.  He also noted extremely 
dusty conditions in close proximity to the monitoring site.  Although the area is somewhat remote, 
there is some traffic from recreational vehicles and a local logging operation on a nearby road that 
traverses the proposed mine area.  Apparently, the loggers were utilizing the road for access during 
these days.  From the data and the field records, particulate concentrations at the monitoring site 
were probably affected by dust generated in the immediate area and from the river basin.   
 
From late November through March particulate levels were low as would be expected during a 
period of snow cover and light winds.  A comparison of the PM-10 data to the TSP data indicate 
that the largest fraction of the particulate was very fine as is typical of winter conditions with 
substantial snow cover.  Particulate levels were also low during the April to June period because of 
unusually light winds and high soil moisture. 
 
 The National Ambient Air Quality Standard (NAAQS) for particulate was originally based on 
TSP.  In 1987 new regulations were promulgated replacing the TSP standard with a health based 
standard for PM-10.  Since the legislation is in a transitional period, standards for both parameters 
are presented below. 
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 PM-10 (ug/m3) TSP (ug/m3) 


 Primary Standard  
Annual 50 75 
24-hour 150 260 


 Secondary Standard  
Annual 50 60 
24-hour 150 150 


 
None of the PM-10 data exceeded the 24-hour standard of 150 ug/m3 and the quarterly mean of 
13.7 ug/m3 was well below the annual standard.  It should be noted that the PM-10 sample from 
November 9, 1988 was damaged during recovery and subsequently invalidated.  Although 
invalidated, the sample was processed and the PM-10 value estimated at approximately 85 ug/m3.  
This value still did not exceed any standard.  The TSP data did indicate some exceedances.  The 
TSP value of 324 ug/m3 for November 9 exceeded the 24-hour values for both primary and 
secondary standards.  The secondary 24-hour standard was also exceeded on November 7, 1988 
with a value of 172 ug/m3. 
 
Data recovery for the PM-10  and TSP data was 90 percent and 80 percent, respectively.  The 
slightly lower percentage for TSP resulted from minor equipment malfunctions during the sampling 
period.  Data recovery for the first quarter of 1989 was 93 percent for both PM-10 and TSP.  DAta 
recovery for the second quarter of 1989 was 94 percent for PM-10 and 64 percent for TSP.  A series 
of mechanical problems with the TSP sampler prevented adequate sampling in late May and June. 
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≥90 ≤32 ≤32 ≤0 Mth Mean 1 0.5 0.1
Jan 20.6 5.5 13 52 1961 -37 1975 0 23.5 29.8 12.4 1612 0.91 3.45 1981 0 0 3 8.7 25.7 1951
Feb 27 10.4 18.8 54 1980 -32 1993 0 17 26.8 7.7 1305 0.83 2.92 2010 0 0 3 9.5 35.9 1996
Mar 34.7 16.2 25.7 56 1968 -39 2007 0 11 28.7 3.7 1219 0.72 4.02 2011 0 0 2 7.4 22.5 1979
Apr 46.7 28.4 37.5 76 2005 -8 1986 0 1.2 21.5 0.1 824 0.47 2.45 1967 0 0 2 2.9 14.7 1977
May 58.3 38 48.1 88 2011 15 1964 0 0.1 5 0 523 0.67 2.62 1997 0 0 2 0.1 2.5 1972
Jun 65 45.7 55.4 87 1953 33 1960 0 0 0 0 291 1.31 3.13 1962 0 1 4 0 0 1950
Jul 67.1 49.2 58.2 86 2004 32 2010 0 0 0 0 214 2.06 4.37 1959 0 1 6 0 0 1950
Aug 64.7 47.2 56 85 2004 26 1955 0 0 0.3 0 280 2.36 7.83 1959 0 1 6 0 0 1950
Sep 56.6 40 48.3 73 1974 15 1992 0 0 3.7 0 500 2.45 5.08 1965 0 1 6 0 1 1956
Oct 41.9 27 34.5 66 1954 -8 1961 0 4.7 21.3 0.5 947 1.52 3.91 1952 0 1 5 5.3 36.1 1982
Nov 27.5 13.1 20.3 59 1949 -26 1990 0 19.3 28 6.1 1340 1.26 11.02 2010 0 1 4 9.5 34.5 2003
Dec 22.5 8.1 15.3 54 1969 -38 1961 0 22.8 29.7 9.8 1540 1.15 3.5 1976 0 0 4 12.8 32.9 1990


Ave Ave Ave Rec Rec TOT TOT TOT TOT TOT TOT REC TOT TOT TOT TOT REC
Year 44.4 27.4 35.9 88 -39 0 99.4 194.6 40.3 10594 15.73 26.07 1 6 47 56.1 115.1


Heating Degree Days 
(Base Temp. 65°F)


Table VII-1
Climatological Summary for Palmer, Alaska for the Years 1949-2012


Precipitation (in)
Snow


Month Max Min Mth Rec Hi Year Rec Lo Year


Means Extremes
Max Min


Mean # Days
Temperature (F°)


Max Depth YearMean Mtn Total Max Day Year
M # Days Precip Exceeded ≥


Mean Mth Tot











































































































ADDENDUM 1 
 


AIR QUALITY AND METEOROLOGICAL DATA FROM THE ON-SITE MONITORING 
STATION FOR THE PERIOD OF OCTOBER 12, 1988 – OCTOBER 31, 1991 







 


AIR QUALITY DATA – TWO YEAR SUMMARY 



















 
METEOROLOGICAL DATA – THREE YEAR SUMMARY 
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1.0  INTRODUCTION 
 
Scoping meetings were held in 1988 with the Alaska Department of Fish & Game (ADF&G) and 
the Alaska Department of Natural Resources (ADNR) that resulted in priorities for wildlife habitat 
mapping, baseline surveys of raptor nesting, moose distribution and relative abundance, and 
occurrence of threatened or endangered species.  Species of secondary interest among the regulatory 
agencies were song birds and small mammals.  The agencies also emphasized the need for detailed 
information on browse utilization by moose and mapping of moose habitat values to provide a 
baseline for development of reclamation plans. 
 
As a result of the priorities established above, Dames & Moore conducted surveys from June 1988 
to mid-May 1989 that provided a data base which could be used for evaluating the potential impacts 
of construction and operation of the Wishbone Hill Coal Project and for developing wildlife 
mitigation and monitoring plans.  The studies addressed the baseline requirements specified in the 
Alaska Surface Coal Mining Program regulations and provided the necessary information to 
support this surface coal mining permit application. 
 
The terrestrial wildlife studies by Dames & Moore were conducted in parallel with vegetation, 
revegetation, and soils by other investigators.  Interaction between the various studies improved the 
results of each study.  This interaction was facilitated by early discussions with other investigators 
about vegetation types and habitat values and by putting the mapped data from each study into the 
Dames & Moore Geographic Information Management System (GIMS) so that the data could be 
overlaid for analysis. 
 
During these comprehensive investigations of fish, birds, and mammals, studies of moose focused 
on geographic distribution and habitat utilization. As a result of this work and previous studies 
conducted by the Alaska Department of Fish and Game, a portion of the study area was identified 
as important winter range for moose.  Since moose are considered the most important mammal 
species from the standpoint of human utilization, additional long term monitoring with aerial 
surveys was initiated in October 1989 and continued through April 1993.  Addendum 1 contains a 
report that summarizes results from the long term study of the distribution and habitat use of moose 
in the vicinity of the Wishbone Hill coal project. 
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Concerning bald eagles, surveys have been conducted to search for potential nest sites within and 
adjacent to the proposed Wishbone Hill coal project.  The U. S. Fish & Wildlife Service (USFWS) 
completed surveys on October 5, 1997, March 25, 2001, and March 22, 2003.  The most recent 
survey was conducted by HDR Alaska, Inc. on May 5, 2009.   Results from this work are presented 
in Addendum 2 and include the sites identified by the USFWS. 
  
2.0  METHODS 
 
2.1 


2.1.1  Transects 
 


Wildlife Surveys 
 


In order to collect seasonal data on the abundance,  distribution, and habitat utilization of birds, and 
mammals in the project area, a series of twenty-six 200 meter transects (Figure 1) were established 
in the project area.  The locations of transects were selected prior to the initial field reconnaissance 
based on the location of various mine facilities and areas proposed for development.  Transects 
were marked with labeled wooden lathe at each end and flagged with surveyor's tape.  Transects 
were also included along the proposed haul road route between the project area and the Glenn 
Highway.  In addition to surveys inside the project area, the shoreline of Wishbone Lake was 
covered on foot to record waterfowl and shorebirds. 
 
Wildlife transects were surveyed a total of five times over the one year study period.  This schedule 
was selected to coincide with important time periods such as courtship, nesting and rearing young, 
fall migration, and winter residency.  Field reconnaissance surveys were conducted on: 
 
 • June 20-25, 1988 
 • September 2-3, 1988 
 • October 28-29, 1988 
 • March 14-16, 1989 
 • May 11-13, 1989 
 
Transects were censured during the early morning hours during the spring and summer when birds 
and mammals would be the most active.  During the fall and winter, surveys were conducted during 
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all hours of daylight.  Surveys on the shoreline of Wishbone Lake and the haul road route were 
conducted in June 1988 and May 1989.  Opportunistic observations of birds and mammals were 
also recorded throughout the project area during each survey period.  Incidental wildlife 
observations were also recorded along Moose Creek by the fisheries field team during summer and 
fall salmon surveys and throughout the project area by other field personnel. 
 
2.1.2 Bird Surveys 
 
The primary focus of the bird study program was to collect baseline data on seasonal species 
composition, relative abundance and habitat preference of birds using the project area.  The study 
was also designed to calculate relative density of birds by habitat type.  These data could be used to 
calculate potential impacts of habitat loss from the proposed mining operations and to provide the 
basis for future surveys to assess reclamation efforts. 
 
 2.1.2.1  Density 
 
The seasonal density of the common bird species in the project area was determined by a strip-
census method which involved counting all species observed within 25 meters of the centerline of 
each transect.  This band transect, 50 meters wide and 200 meters long, has a total area of 10,000 
square meters (one hectare).  The number of birds sighted in the transect divided by the area equals 
density (birds/hectare).  Birds observed outside the band transect were recorded as supplemental 
observations along with the habitat type. 
 
Each transect was censused by one or two observers walking slowly along the centerline of the 
transect and recording all bird observations.  The spring and summer surveys included listening for 
singing males and observing any breeding activity.  No special effort was made to look for nests but 
if any were located, they were recorded. 
 
Density data from transects of similar habitat types were pooled to estimate overall density by 
habitat.  Since the habitats along some transects were not homogenious, the dominant habitat type 
was used as the basis for density calculations. 
 
 2.1.2.2  Breeding Status 
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Categories of bird breeding status were based on observed behavior and physical evidence of 
nesting: 
 


• Possible breeder - Present during the breeding season within a species normal breeding 
range but no direct evidence of breeding activity observed 


 
• Probable breeder - Present in the proper habitat within the normal breeding range during the 


breeding season with males singing or defending a territory 
 


• Confirmed breeder - Presence of an active nest, newly fledged young, adults carrying food 
or nest materials, or adults entering nest cavity. 


 
All species of birds observed during the spring and summer surveys were assigned to one of these 
categories. 
 
Raptors were surveyed in conjunction with other surveys with emphasis on locating stick nests 
which could be used for raptor nesting and cliff or bluff habitat along Moose Creek with any sign of 
nesting such as "whitewash" or old nest material.  The habitats along Moose Creek were surveyed 
during the salmon counts during the fall of 1988.  In the spring of 1989 special attention was given 
to recording presence of raptors or calls of raptors that might reveal nesting sites. 
 
 2.1.2.3  Habitat Associations 
 
In addition to the census of transects, habitat associations were noted for birds observed and these 
data were compiled with the observations from the transects to determine the distribution of birds 
within habitats on the project site. 
 
Habitats were initially defined in the field according to the level IV of Alaska Vegetation 
Classification (Viereck et al. 1986).  Following the initial field assessment, it became obvious that 
some habitat units could be combined where bird occurrence was essentially identical. 
 
2.1.3  Mammal Studies 
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 2.1.3.1  Small Mammals 
 
The occurrence and distribution of small mammals within the project area was documented by 
direct observation of tracks and sign and by the use of two sizes of snap traps (mouse and rat traps). 
 These traps were baited with peanut butter and set overnight along the wildlife transects.  The 
primary purpose of the snap trapping was identification of mice and shrews.  A total of 24 traps 
were set in representative habitats on June 21, 1988 and recovered the following day. 
 
 2.1.3.2  Large Mammals 
 
Fresh signs of moose were recorded on each of the wildlife transects during each survey.  Incidental 
observations of moose habitat utilization were made throughout the project area with emphasis on 
delineation of winter range, calving areas or rutting areas. 
 
Winter aerial surveys of the project area and the surrounding region were used to characterize 
overall seasonal moose distribution.  Survey methods were patterned after those used by ADF&G to 
allow a comparison with historical moose data.  The aircraft used was a Piper Supercub on wheels 
which maintained a flight elevation of approximately 300 feet above the ground and a speed of 
approximately 80 knots/hr.  Flight lines were spaced at quarter mile intervals.  The lone observer 
looked out both sides of the aircraft to a distance of about one quarter mile.  The pilot also assisted 
in locating moose.  Each observation was recorded on a hand-held tape recorder and on special 
forms and all moose observed inside the project area were plotted on a 1:63,360 topographical map. 
 Notes on sex and age were also recorded when possible. 
 
 2.1.3.3  Moose Browse Utilization 
 
A line-intercept method  was used on each of the wildlife transects to determine the degree of 
browsing of the available shrubs.  A measured string was stretched along each transect centerline.  
All shrubs touching the string were inspected for the presence of absence of browsing.  Shrub 
height, and species were recorded for each intercept. 
 
2.2  Habitat Mapping 
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The wildlife habitats of the Wishbone Hill project area were defined primarily on the basis of their 
use.  Wildlife habitats also incorporated vegetation types delineated by other investigators.  
Information for defining and mapping the wildlife habitats was obtained from aerial photographs, 
vegetation maps, on-the-ground observations, and from wildlife field survey data. 
 
The aerial photographs used were taken May 17, 1984 and June 22, 1985 at a scale of 1 inch = 1000 
feet (1:12,000).  Selected 1985 photos were enlarged to 1 inch = 500 feet to match the scale of the 
project basemaps.  A pocket stereoscope was used when delineating habitat boundaries on 1:12,000 
aerial photographs.  Aerial photos were also used in conjunction with on-the-ground observations to 
determine the current status and develop the habitat definitions and with the vegetation map to 
verify the distribution of habitat types. 
 
Data on wildlife species use of the habitats was obtained from seasonal transect field surveys and 
secondarily from observations by all the biologists on the project.  This was supplemented by 
information from ADF&G survey records. 
 
Habitat maps were developed by compiling the wildlife use information and consolidating the 
vegetation types into the best possible representation of wildlife habitats.  Each habitat type is 
described in terms of wildlife use, i.e., how and when they use it, and features that are important to 
the wildlife. 
 
 
3.0  RESULTS 
 
3.1 Wildlife Habitat 
 
The wildlife habitats of importance on the Wishbone Hill project area are shown on Plate X-1 and 
include: 
 
 1. Open Mixed Forest (507 ha or 1252 ac) 
 2. Closed Deciduous Forest (394 ha or 973 ac) 
 3. Tall Shrub (136 ha or 336 ac) 
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  a.  Alder (27 ha or 67 ac) 
  b.  Willow (2 ha or 5 ac + small patches) 
  c.  Young Birch (107 ha or 164 ac) 
 4. Lowland Meadow (42 ha or 104 ac) 
 5. Upland Meadow (141 ha or 348 ac) 
 6. Wet Low Shrub (2 ha or 5 ac) 
 7. Riverine (19 ha or 47 ac) 
 8. Barren (9 ha or 22 ac) 
 9. Residential (6 ha or 15 ac) 
 
3.1.1  Open Mixed Forest 
 
The Open Mixed Forest habitat type is the most widespread type on the project area and is 
important to notable wildlife species.  This habitat includes Open White Spruce, Open Paper Birch, 
mixed open stands, and small inclusions of Upland Meadow. 
 
This type has the greatest species richness of birds of the habitats in the project area.  It is also 
important to moose, especially as winter range.  This type not only provides a high volume of 
browse, but also contains many spruce stands that provide hiding cover and may also serve as 
thermal cover.   A few bird species (e.g., Spruce Grouse, Varied Thrush, and Kinglet) are 
specifically associated with spruce forest. 
 
3.1.2  Closed Deciduous Forest 
 
The Closed Deciduous Forest habitat type is the second most abundant on the project area but is of 
less overall importance to wildlife than the open forest type.  Bird diversity is moderate, and use of 
the Closed Deciduous Forest by moose is much lower than of the Open Mixed Forest.  This habitat 
type includes Closed Paper Birch - Aspen, Closed Paper Birch, Closed Poplar/Alder, Closed Poplar 
- Alder - Willow, Closed Deciduous, Closed Paper Birch - Aspen/Upland Meadow, and Closed 
Poplar/Alder/Upland Meadow vegetation types. 
 
3.1.3  Tall Shrub 
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The Tall Shrub habitat type, includes Alder, Willow, and Young Birch types.  Bird species use of 
Tall Shrub habitats is similar to the Open Mixed Forest type.  Other wildlife uses of shrub habitats 
differ, however.  For moose, the Willow habitats are as important as the Open Mixed Forest type 
because willows are a preferred browse species.  Young Birch habitat is important because it 
provides many small birch trees that provide a good source of moose browse.  The Alder thickets 
and dense willow thickets provide essential habitat for snowshoe hares.  These habitats correspond 
directly to the vegetation types with the same names. 
 
3.1.4  Meadow and Low Shrub 
 
Meadow and Low Shrub habitats have low bird diversity in the project area.  Many bird species of 
other habitats are not associated with meadows, while other species are primarily associated with 
these open habitats.  Alder Flycatcher, Orange-crowned Warbler, Lincoln's Sparrow, and Savannah 
Sparrow are associated with meadows.  Snipe and Lincoln's Sparrow are found in the Wet Low 
Shrub type and wetter areas within meadows.  The Lowland Meadows and Wet Low Shrub types 
include many low shrubs that are fed upon by moose.  The Upland Meadows are used much less by 
moose.  The Lowland Meadows near eskers appear to have the highest populations of voles and are 
therefore also important to their predators (ermine, hawks, and owls). 
 
3.1.5  Riverine 
 
Riverine habitat is important to Mergansers and Dippers.  It was mapped as equivalent to the 
Riparian vegetation type, but is actually a narrower band including the streambed itself. 
 
3.1.6  Barren and Residential 
 
Barren areas and residential areas were included on the map for completeness, but they have 
minimal wildlife habitat value. 
 
3.2 


The permanent wildlife transects represent a cross section of the major habitat types in the project 
area.  The breakdown of habitat types on each transect and the corresponding vegetation types are 


Wildlife Transects 
 







 


 X-9 WBH 2009 Update 
 


presented in Table 1. 
 
During analysis of transect data, it was necessary to combine some habitats since transects often 
had a mixture of more than one habitat type e.g., transects with lowland and upland meadow 
components would also have a significant portion of low shrub and a few mature trees.  These 
mosaics of forest, shrub and meadows were combined into the Meadow Low Shrub habitat type.  
Transects with a major meadow component were also grouped into this habitat type. 
 
Residential and Barren habitat types were not included in this analysis, becaused neither of these 
habitats are important to wildlife in the project area. 
 
3.3  


3.3.1  Seasonal Bird Use 
 
Birds likely to occur within the project area are shown in Table 2.  Of these a total of 46 species of 
birds were documented in the project area during five seasonal surveys (Table 3).  Thirty nine 
species were considered either probable or possible breeders and four were confirmed as breeding 
in the area.  Only the Bald Eagle and Mew Gull were considered non-breeders and this was due to 
lack of breeding habitat. 
 
The 1988 summer survey documented the greatest abundance and diversity of birds with 37 
species, 17 of which were seen on the wildlife transects.  The most abundant birds were the Dark-
eyed Junco, Yellow-rumped warbler, Orange-crowned warbler, Blackpoll Warbler, Swainson's 
Thrush and Alder Flycatcher.  Surveys around the margin of Wishbone Lake revealed a pair of 
common goldeneyes and a pair of common mergansers which probably nested at the lake. 
 
Both numbers and species of birds dropped off significantly by the September 2, 1988 survey when 
only nine species were seen in the project area including, seven observed on the transects. 


Birds 
 


Winter had set in when the October survey was conducted.  Snow depths were approximately 15 
cm. and air temperatures were in the high 20's.  A total of only six species were seen in project at 
that time including three on the wildlife transects.  Foraging flocks of Black-capped Chickadees 
were the most conspicuous birds.  Pine Grosbeaks and Golden-crowned Kinglets were seen in small 
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numbers on the transects. 
 
The March survey showed the least bird activity of the year.  Only three species were found in the 
project area with no birds seen on the transects.  The Raven and Black-billed Magpie were only 
heard calling at a distance and one pair of Northern Shrikes were observed flying over the north end 
of the project area.  Overall use of the area by birds in late winter was very sparse.  These ground 
observations were also consistent with aerial surveys in February and March which revealed 
Ravens and Black-billed Magpies within the project area and Ptarmigan at higher elevations in the 
subalpine zone. 
 
Breeding bird surveys in early May 1989 revealed many common species that had established 
territories.  The most abundant were the Dark-eyed Junco, the Yellow-rumped Warbler, and the 
Orange-crowned Warbler.  Three of the common birds found on the 1988 summer survey were not 
found and are likely late arrivers.  These included the Alder Flycatcher, the Blackpoll Warbler and 
Swainson's Thrush.  The Savannah Sparrow and White-crowned Sparrow were present in the area 
but had not commenced singing so numbers of these birds were difficult to assess.  Wishbone Lake 
was still approximately 90 percent covered with ice at the time of the survey but waterfowl were 
seen in the open water areas.  These included two pair of Green-winged Teal, one pair of Barrow's 
Goldeneye, and one pair of Mallards.  All were engaged in courtship display and were probably 
going to nest in the area. 
 
3.3.2  Habitat Utilization 
 
The habitat with the greatest species richness was the Open Mixed Forest with a total of 24 species. 
 This is probably the result of the greater diversity of vegetation in this habitat type.  Three species 
appeared to have a particular affinity to this habitat and included Spruce Grouse, Varied Thrush and 
Ruby-crowned Kinglet. 
 
The Closed Deciduous Forest type had a total of ten species.  Although it is second in total area of 
the wildlife habitats in the project area, no species appeared to have a particular affinity for this 
habitat and most of the birds which use this habitat were also found in the mixed forest.  The Tall 
Shrub type had a fairly diverse compliment of bird species with a total of 16 species. 
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3.3.3  Bird Density 
 
Densities of birds were calculated from the wildlife transect census data from the summer of 1988 
and spring of 1989.  Since the summer survey was conducted late in the breeding season, not all 
birds were singing so densities presented here reflect total numbers of birds observed on the 
transects and not breeding pairs although many were assumed to be breeding.  On the spring survey, 
males were singing on territories and numbers recorded on transects closely approximate the 
number of breeding pairs.  Densities are presented by habitat type (Tables 4 and 5).  Total counts by 
transect are presented in Appendix A. 
 
The species with highest overall density on both the spring and summer surveys were the Dark-eyed 
Junco and the Yellow-rumped Warbler.  Densities varied among habitat types.  Birds listed above 
were widely distributed throughout the Closed Deciduous Forest and densities were too low to 
determine a pattern. 
 
Among the more abundant birds in the project area, the Alder Flycatcher had a rather narrow range 
of habitat preference and exhibited a close association with the meadow complex.  These birds were 
typically observed near the edge of meadows or in tree or shrub habitat within the meadow 
complex. 
 
The Tall Shrub habitat was not well represented on the transects and little could be concluded from 
the low bird densities in this type.  Shrub habitats off the transects sometimes appeared to have a 
greater diversity and density of birds than recorded on the transects. 
 
The transects established along the route of the proposed haul road were in mature mixed forest and 
had spring bird densities within the range found for other mixed forest habitats.  Species diversity 
during the summer survey of the entire road route added one species, the Brown Creeper, to the 
species list for Open Mixed Forest. 
 
A total of four species of raptors were identified on the transects during the five seasonal surveys 
including:  Bald Eagle, Northern Goshawk, Red-tailed Hawk and the Great Horned Owl.  Of these, 
only the Bald Eagle would not be expected to nest in the general area.  However, no sign of any 
raptor nesting activity was found on the project site on any of the wildlife surveys and no young 
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raptors were seen in the area.  The Northern Goshawk was the only raptor observed in summer and 
winter. 
 
3.4  


3.4.1  Moose 
 
Moose are clearly the most important mammal species from the standpoint of human utilization.  
Within Game Management Unit (GMU) 14-A, which includes the Wishbone Hill area, hunter 
numbers have varied between 2,250 and 2,856 annually since 1985.  Hunters harvest an average 
about 540 moose each year in GMU 14-A and another 160 moose are killed by highway vehicles, 
trains, and poaching (ADF&G, 1988).  Within the Moose Creek area, moose harvest has ranged 
between 32 and 37 moose during the same period. 
 


Mammals 
 
Mammals likely to occur within the project area are shown in Table 6. 
 


 3.4.1.1  Abundance and Seasonal Distribution 
 
Alaska Department of Fish & Game surveys in 1982 projected an average density of 1.2 to 1.6 
moose per square mile in the Matanuska-Susitna Borough.  To the west of Moose Creek in the 
Government Peak area, ADF&G estimated moose densities of 7.4 to 8.1 moose per square mile in 
the winter of 1989.  High densities of moose have been found to the west of the project area 
primarily between the 2000 and 3000 foot elevation between Moose Creek and Willow Mountain.  
The Wishbone Hill Coal Project area is east of Moose Creek and ranges in elevation from 700 to 
1000 feet.  In the Wishbone Hill area, Dames & Moore aerial surveys in the area from Moose Creek 
to Granite Creek between December 1988 and March 1989 revealed a healthy moose herd with 
densities ranging from 3.3 to 6.7 moose per square mile.  In 1988 ADF&G estimated 5,600 moose 
occured in Game Management Unit 14A, which includes the Matanuska Valley Moose Range. 
 
Aerial survey data have been collected by ADF&G since 1967 in Game Management Unit 14A 
which includes the Moose Creek to Granite Creek count area.  ADF&G surveys are usually 
conducted from mid-November to late December.  Within this area, moose densities have ranged 
from less than 1 moose per square mile in 1980 to more than 7 moose per square mile in 1968.  
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Prior to late November, moose within this count area are mostly found above the 1500 foot contour. 
 They do not move into the project area until snow accumulates in the high country forcing them to 
move to lower areas. 
 
Wishbone Hill Coal Project moose surveys between Moose Creek and Granite Creek, were flown 
in October, December, January, February, and March (Figures 2-6).  Moose data collected during 
aerial surveys by Dames & Moore and ADF&G is found in Appendix B.  High winds, which are 
common in the Matanuska Valley, prevented Dames & Moore aerial surveys in November 1988.  In 
December, moose were clustered in two areas: upper Moose Creek above 1500 feet and upper 
Granite Creek from Knob Hill to the upper parts of the Granite Creek drainage.  Much of the area 
between Wishbone Hill and Knob Hill appears to provide marginal moose habitat because it lacks 
plant species diversity and winter cover; many areas are dominated by relatively homogeneous 
stands of quaking aspen.  However, no ground surveys were conducted outside of the project area to 
quantitatively assess moose habitat utilization.  Habitat diversity increases in areas above the 1500 
foot contour and below the 700 foot contour in this zone. 
 
Early winter moose movement patterns in the proposed mine area involve a shift of moose from 
post rutting areas above the mine site to lower elevations where Open Mixed Forest habitat 
provides a blend of forage shrubs, escape cover and thermal cover.  This habitat type is most 
common in the north half of the project area and along the haul road.  However, the latter area is 
primarily mature forest with fewer shrubs.  Winter moose use of the haul road area appears to be 
less concentrated than on the mine site.  However, high densities (clusters) of moose in the haul 
road area were seen in active logging areas where slash from freshly cut birch timber provided a 
ready food source.  
 
From November through January very few moose could be located in the area between the Glenn 
Highway and the Matanuska River.  In February there was an increase in moose activity on the 
Matanuska River flood plain which appeared to be the result of moose moving in from areas to the 
south of the river. 
 
In the spring as the snow recedes in the project area moose gradually move to higher elevation 
summer ranges.  Much of the spring movement appears to occur from late April to early May.  By 
calving time moose have mostly left the mine area.  No calving activity was observed on the project 
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area during the 1988-89 study.  In June 1988, a cow with one calf was observed near Buffalo Creek 
and tracks of adult and calf moose (possibly the same animals) were observed along Moose Creek 
and in meadows in the southeast corner of the project area. 
 
Observations of moose sign on the wildlife transects verified the observations from the aerial 
surveys and suggested that a small number of moose use the project area during spring; the spring 
1989 transect surveys revealed only two sets of recent moose tracks and there were no indications 
of calving activity in the area. 
 
There are no known mineral licks, rutting areas, or other critical habitats reported in the literature 
for the proposed mine area and none could be found during field surveys. 
 
 3.4.1.2  Browse Utilization 
 
Browse transect surveys conducted by Dames & Moore in June 1988 revealed some use by moose 
of all shrub species found on the wildlife transects (Figure 7).  Browsed species included Willow, 
Cottonwood, Aspen, Birch, Alder, Prickly Rose, Highbush Cranberry, Mountain Ash, Raspberry, 
and Pacific Red Elder.  Shrub Birch and Willow provided the greatest volume of browse based on 
transect surveys. 
 
Browse utilization in the winter of 1988-89 appeared to be moderate based on moose distribution 
with heaviest use in the northern half of the project area. 
 
 3.4.1.3  Moose Winter Highway Mortality 
 
According to the Alaska Department of Fish & Game (1988) there was a sharp increase in 
settlement of the Matanuska-Susitna Valley area in the 1980's with approximately 3500 new homes 
being constructed in 1983 alone.  This development reduced the available moose winter range in 
the area and the increase in human population resulted in a higher winter moose mortality from 
highway vehicles.  The Alaska Department of Puplic Safety estimates that an average of 86 moose 
are killed each winter on the highways in the Matanuska and Susitna Valleys. 
 
3.4.2  Black Bears 
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Black bears are very common throughout southcentral Alaska.  Their distribution is tied closely to 
forested areas.  Maximum populations occur in semi-open forests where there is a mixture of 
habitat types and an abundance of berry shrubs, herbs, grasses, and succulent forbs (ADF&G 1973). 
 The primary diet of Black Bears consists of plant materials, but they sometimes prey on spawning 
salmon and occasionally on young moose.  In spring, most use is made of riparian and other 
wetland habitats and south-facing mountain slopes where vegetation greens up early.  Streams with 
salmon runs such as lower Moose Creek may attract bears in summer and fall. 
 
One set of bear tracks was found near Moose Creek during transect surveys and one female with 
two cubs was observed in the summer of 1988 along the access road north of Buffalo Creek. 
 
3.4.3  Brown Bears 
 
Brown bears are very common in portions of the Talkeetna Mountains (Miller and Ballard, 1982).  
However, Brown Bears are only occasional visitors to the Wishbone Hill area.  Brown bears are 
most often seen in alpine areas where Arctic Ground Squirrels, Hoary Marmots, and food plants 
such as succulent forbs or berries are available or along fish streams where spawning salmon may 
be found in late summer and fall.  Surveys by Dames & Moore in 1988 and 1989 showed no 
evidence of brown bears in the Wishbone Hill area. 
 
3.4.4  Dall Sheep 
 
Dall Sheep occur in the nearby Talkeetna Mountains (ADF&G 1973) including the extreme 
headwaters of Granite Creek and Moose Creek, but they have never been recorded in the subalpine 
habitats around Wishbone Hill and none were observed during Dames & Moore aerial survey 
which include mountain slopes up to the 2,500 foot contour. 
 
3.4.5  Caribou 
 
Caribou are common residents of the Talkeetna Mountains, but according to Hemming (1971), their 
normal seasonal movements do not include the Wishbone Hill area  No signs of caribou were 
observed during the field study. 
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3.4.6  Small Mammals 
 
Dames & Moore summer transect and snap trap surveys revealed nine small mammal species 
including:  Porcupine, Red Squirrel, Snowshoe Hare, Tundra Vole, Singing Vole, Meadow Vole, 
Northern Red-backed Vole, Northern Bog Lemming, and Masked Shrew. 
 
The fall survey in October 1988 was conducted just after a snow fall so tracks of animals were 
easily observed throughout the project area.  Tracks of microtine rodents were common in many 
areas with the highest concentrations in low meadow habitats.  This observation was verified after 
the snow melt in May when the remains of the tunnels and food caches could be seen throughout 
these habitats.  The tracks of the major predators of these animals, the short-tailed weasel, were also 
quite abundant. 
 
Tracks of the Snowshoe Hare were found mostly in Tall Shrub habitats around the project area.  
Numbers of tracks suggested a relatively low abundance for this species. 
 
3.4.7  Fur Bearers 
 
Species that are sought by local trappers include wolf, wolverine, fox, coyote, lynx, marten, mink, 
beaver, land otter, short-tailed weasel, and least weasel.  Of these, wolves, wolverine, and coyote 
range widely in search of prey and should be expected to occasionally wander through the project 
area in the course of normal hunting activities.  One coyote was seen on the north end of the project 
area during the aerial moose survey on February 2, 1989. 
 
Lynx occurrence and abundance seems to be tied closely to the availability of snowshoe hare.  At 
this time, snowshoe hares are in low abundance and no signs of lynx were observed on the study 
area.   
 
Marten have been recorded within the Matanuska Valley but none were observed during the 
baseline surveys.  Tracks of red fox, coyote, mink, beaver, and weasel were recorded within the 
project area by Dames & Moore biologists. 
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3.5 Threatened or Endangered Species 
 
Two important species of raptors including the peregrine falcon, a classified endangered species 
(Endangered Species Act of 1973, as amended, 16 U.S.C. Sec. 1531, et seq.


4.0  SUMMARY 
 
The entire project area is important as moose winter range and there is some use of the area by 
moose in summer and fall.  Of 255 ha (630 acres) of moose habitat that would be disturbed by 
mining or project facilities there are about 101 ha (250 acres) of high density and 154 ha (380 acres) 
of moderate density moose winter range.  With existing technology these habitats could be restored 
and moose browse production, escape cover, and thermal cover could be improved after mining. 
 
During mining operations a corridor of undisturbed riparian habitat would occur along Moose 
Creek which would allow moose to complete their seasonal migrations. 
 


) and the bald eagle, a 
specially protected species (Bald Eagle Protection Act of 1940, as amended) and designated as an 
important species by the ADNR Commissioner, are seasonal visitors in the region. 
 
American peregrine falcons may occasionally be found in the area between mid-April and 
September.  The Cook Inlet Region is within the southern fringe of their breeding range and nesting 
pairs may occasionally be present but no nests have been reported near the project area. 
 
Bald eagle habitat occurs throughout the Cook Inlet area.  Most nest sites are located in large trees 
in coastal areas, along rivers, or large lakes.  Bald eagles in Alaska are not listed as an endangered 
species.  However, Federal regulations require that permanent facilities may not be located within 
330 feet of nest sites.  No bald eagle nests have been recorded within or near the project area.  
However, eagles were observed feeding on salmon carcasses below Moose Creek Falls in Tsadaka 
Canyon during the Dames & Moore fall fish survey in 1988. 
 


In general none of the wildlife habitats in the project area appear to be unique or irreplaceable.  All 
habitats in areas proposed for disturbance are well represented in adjacent areas.  Overall habitat 
diversity for mammals and birds is limited. 
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There are no threatened or endangered species with the possible exception of migrating Peregrine 
Falcons.  Bald eagles have been observed near the project area, but no nesting activity or potential 
nesting habitat was found. 
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ADDENDUM 1 
 


REPORT ON THE STUDY OF THE DISTRIBUTION AND HABITAT USE OF MOOSE 
IN THE VICINITY OF THE PROPOSED WISHBONE HILLCOAL PROJECT  































































































































































































































































ADDENDUM 2 
 


MAY 5, 2009 BALD EAGLE NEST SURVEY 







 


 Memorandum 
To:   Usibelli Coal Mine, Inc. 


From:   Jeff Schively, HDR Alaska, Inc. 


Date:   May 14, 2009 


Subject:  Bald Eagle Nest Survey for the Wishbone Hill Project Area 


 


Introduction 


Usibelli Coal Mine, Inc. is evaluating alternatives to begin mining coal at the Wishbone Hill Project, a 


historic coal mining area located north of the Glenn Highway approximately 12 miles northeast of 


Palmer, Alaska within the Matanuska Valley (Figure 1).  The Wishbone Hill Project Area encompasses 


approximately 1,356 acres.  North of the lease area are the Talkeetna Mountains; west is Moose Creek, 


and south is the Matanuska River.  Most of the area is covered by undeveloped mixed 


birch/spruce/cottonwood forests and open graminoid/forb meadows.  Disturbed areas, including 


stockpiles of mining spoils, cleared forest, and several unimproved gravel roads are intermixed across the 


central portion of the lease area.   


 


A bald eagle nest survey was conducted on May 5, 2009 to search for possible nests within several 


proposed development areas of the project area.  The survey also included searching for nests within a 


corridor outside of the project area along Moose Creek, an Alaska Department of Fish and Game listed 


anadromous fish stream, where the possibility for nests is greatest.  Approximate surveyed areas are 


outlined on attached Figure 1. 


 


Background 


The bald eagle is protected under the Bald Eagle Protection Act of 1940 as amended (16 U.S.C. §§ 668-


68d) and the Migratory Bird Treaty Act of 1918 (16 U.S.C. §§ 703-12).  To avoid disturbing nesting bald 


eagles, the U.S. Fish and Wildlife Service (USFWS) recommends (1) keeping a distance between the 


activity and the nest (distance buffers), (2) maintaining forested (or natural) areas between the activity and 


around nest trees (landscape buffers), and (3) avoiding certain activities during the breeding season.  The 


buffer areas serve to minimize visual and auditory impacts associated with human activities to nest sites.  


Ideally, buffers would be large enough to protect existing nest trees and provide for alternative or 


replacement nest trees.  The USFWS recommends a primary 330-foot buffer zone around eagle nests to 


provide protection of the juvenile eagles in the nest tree and to buffer the tree from human activities 


during the nesting season (March through August).  A 660-foot buffer is recommended to protect the nest 


from noise and disruptive activities and to protect nesting habitat.  The secondary zone extends from the 


primary zone to a distance of 660 feet from the nesting tree.  When topography or vegetation does not 


adequately protect the nest from human disturbance, the buffer zone may be increased by ¼ to ½ mile.  


However, the actual size of the buffer zone could vary depending on the eagle’s tolerance for human 


disturbance
1
. 


 


Existing information regarding the location and status of bald eagle nests in southcentral Alaska is 


maintained by the USFWS, Anchorage Field Office. Before conducting the aerial survey, HDR Alaska, 


Inc. searched the USFWS Alaska Bald Eagle Nest Atlas database to determine if any recent surveys were 


conducted in the study area and if there were any known nests. The database documented two nests within 


                                                      
1 U.S. Fish and Wildlife Service (USFWS). 2007. National Bald Eagle Management Guidelines.  







 


two miles of the study area (Map No. 8536, nests #9 and #11).  These two nests were identified during 


surveys conducted on October 5, 1997, March 25, 2001, and March 22, 2003.  Figure 1 shows the 


locations of the two nests as downloaded from the USFWS database.   


 


Findings 


On May 5, 2009, an aerial survey for bald eagle nests was conducted for Usibelli Coal Mine, Inc.  The 


survey took approximately one hour, starting at approximately 11:00 AM and ending at approximately 


12:00 PM.  Weather conditions during the survey included sunny, clear skies with good visibility and 


temperatures in the upper 40s (Fahrenheit).  Deciduous trees had not yet leafed out.  The survey was 


flown using a Robinson R44 Raven I helicopter out of Merrill Field, Anchorage.  Observers were Jeff 


Schively (HDR Alaska, Inc.) and Corri Feige (The Castle Mountain Group, Inc.).   


 


No bald eagle nests were observed within the Wishbone Hill Project Area.  Two nests were observed 


outside of the mine area and within the surveyed Moose Creek corridor to the west.  For each identified 


nest, the observers recorded the coordinates of the nest, the tree species where the nest was found, the bird 


species if identified, the activity of the nest (active or inactive) and any general comments about the 


location of the nest.  Nests coordinates were collected with a mapping-grade hand-held global positioning 


system (GPS) receiver.  Coordinates and comments for each nest observed are shown on Figure 1.  The 


two nests include: 


 


Nest A  


Location:  61.67312, -149.04002 (WGS84) 


Status:  Active bald eagle nest 


Description:  The nest is located on a large black cottonwood tree near the confluence of the 


Matanuska River and Moose Creek.  A female bald eagle was sitting on the nest at the time of the 


survey.  The nest is situated approximately 0.7 miles southwest of the Wishbone Hill Project 


boundary. 


 


Nest B 


Location:  61.69618, -149.08299 (WGS84) 


Status:  Active unknown raptor nest (non-bald eagle) 


Description:  The nest is located on a large black cottonwood tree growing on a flat terrace high 


above Moose Creek.  The nest is small, loosely constructed, and uncharacteristic of a bald eagle 


nest.  An unidentified dark-colored raptor was observed in a nearby tree at the time of the survey 


indicating that the nest may be occupied by the raptor.  The nest is situated approximately 0.2 


miles west of the Wishbone Hill Project boundary. 


 


GPS waypoints of the two bald eagle nests already documented in the USFWS database were uploaded to 


the observers handheld GPS and were easily found during the survey.  USFWS mapped nest #9 appeared 


to be active with a bald eagle sitting on the nest and nest #11 is unoccupied for the 2009 nesting season. 


 


No bald eagles or nests were observed within the Wishbone Hill Project Area.  Nest A is the closest eagle 


nest to the project area; however, the nest is approximately 0.7 miles away on the opposite side of the 


Glenn Highway and Moose Creek.  


 


Attachments 


1.  Figure 1 – 2009 Bald Eagle Nest Survey 
 


 


  







USFWS Database Nest
Map No. 8536, Nest No. 11


USFWS Database Nest
Map No. 8536, Nest No. 9


Nest A (from 2009 Survey)
Active Bald Eagle Nest
Lat./Long.: 61.67312, -149.04002 (WGS84)
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1.0  INTRODUCTION AND OBJECTIVES  
  
A detailed Order 1-2 soil survey was conducted during June  1988 on the entire permit area for 
Idemitsu Alaska, Inc.’s (IAI) proposed Wishbone Hill surface coal mining project northeast of 
Palmer, Alaska.    
 
The basic objective of the field investigation was to map  and sample the soils of the Wishbone Hill 
proposed permit area in sufficient detail to characterize their physical and chemical  properties and 
depths to which they may be salvaged as a source  of topsoil for mine reclamation purposes.  This 
task included an estimation of the volume of topsoil within the “A” and “B” horizons which could 
be salvaged and  re-used to facilitate reestablishment of vegetation on the mine  site.  For this study, 
both the “A” and “B” horizons were evaluated in an attempt to increase the depth of salvageable 
topsoil material and ultimately enhance reclamation efforts.  Thus, the site-specific characteristics 
of the soil that  may influence soil salvage stockpiling and redistribution were  inventoried.  This 
inventory entailed the following:  
 


• Determination and delineation of soil series and soil mapping units    
 


• Sampling and description of representative horizons of  each soil series or series variant for 
chemical and physical characteristics  


 
•  Interpretation of the analytical results and site specific characteristics to determine depth, 


volume, and suitability of soils for topsoil material  
  
     This report presents all field and laboratory methods used  in the study as well as:  
  


• Soil maps delineating all soil mapping units  
 


• Mapping unit descriptions  
 


• Soil series descriptions  
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• Chemical and physical data  
 


• Recommended topsoil salvage depths for each soil series and soil mapping unit  
 


• Soil suitability ratings, by soil horizon, for each mapped soil series  
 
The following section presents a detailed Scope-of-Work  (SOW) which was implemented for the 
Wishbone Hill soil resource  assessment soil survey.    
 
The methods described in Section 2.0 are all standard methods for detailed Order 1-2 soil surveys.  
All procedures and methods are in accordance with current state-of-the-art soil survey methods for 
Alaskan coal mining projects.  They comply with and  exceed the specific requirements set forth in 
the Alaska Surface Coal Mining Control and Reclamation Act and the Division of Mining's Surface 
Coal Mining Program requirements.  Furthermore, all technical specifications are in accordance 
with the standards for the USDA-SCS National Cooperative Soil Survey.   
  
2.0  SCOPE OF WORK  
  
2.1  Review of Existing Information


Meetings were held with Dr. Chien-Lu Ping (University of  Alaska Agricultural and Forestry 
Experiment Station) and Mr.  Mark Clark (SCS, Palmer) in order to discuss soil issues  pertinent to 


  
 
All existing soils and related discipline information for the general study area was compiled, 
reviewed, and evaluated as  preparation for initiation of soils field work.  This review  included all 
previous soils and surficial geology information  for the Wishbone Hill area as well as the Soil 
Conservation  Service (SCS) soil survey for the Matanuska Valley Area (1968),  and the recently 
completed but unpublished soil surveys for the Yentna and Susitna Valley Areas.    
 
All previous soils information (soil mapping units, soil  series descriptions, sampled pedon 
descriptions, laboratory data  to the extent available, and interpretive data) was reviewed for  
familiarity purposes as well as technical adequacy.    
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the study area.  Mr. Clark is the SCS soil scientist most familiar with the study area, and is in the 
process of revising and extending SCS information of the Matanuska Valley.  Dr. Ping is 
considered the foremost authority on Alaska soils and has reviewed previous soil and reclamation 
baseline reports for proposed Alaska coal development projects.    
   
2.2  


2.3  


Meeting with Alaska Division of Mining  
 
An initial scoping meeting was held in Palmer, Alaska on  June 17, 1988 with Mr. Sam Dunaway 
(Division of Mining) to discuss the general components of the soil inventory program.  A second 
scoping meeting was held on June 22, 1988 with Ms. Carol Pahlke (Division of Mining) to again 
discuss the general soils inventory program plans and objectives.  Items discussed included: data 
review and evaluation, Order 1 soil mapping, soil sampling, profile descriptions, soil laboratory 
analysis and report preparation.    
  
A second meeting with Dr. Chien-Lu Ping was held on June  22, 1988 in order to discuss the 
specific list of soil analyses to be performed on sampled soils from the study area.    
  


All map unit and soil profile descriptions were described in accordance with current SCS methods - 
National Soils Handbook  (July 1983), updated Soil Survey Manual chapter revisions  (1982-1984), 
and Soil Taxonomy (1975, and as amended through  1988).  Order 1 mapping units consist 
primarily of soil  consociations (one soil type) with some soil complexes (two or  more soil types) 
where it is impossible to cartographically  accomplish soil series separation at the base map scale.   


Soil Mapping - Order 1 and Order 2  
 
 Mr. Jim Nyenhuis  (JN) mapped and sampled soils at the Order 1 level of intensity for most of the 
1353 acres of the proposed Wishbone Hill Coal Project permit area.  All project disturbance areas,  
with adjacent reasonable buffer zones, were mapped at the Order 1 level.  All remaining areas were 
mapped at the slightly less  detailed Order 2 level.   The purpose of the survey was to insure that 
salvage of all suitable topsoil in areas to be disturbed by mining will occur.  Therefore, those 
site-specific characteristics of the soil that may influence soil salvage, stockpiling, and 
redistribution were emphasized.    
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Taxonomic units are phases of soil series, series taxajuncts or  series variants.  Phases of soil series 
were based on inherent  soil characteristics as well as factors important to soil  suitability, salvage, 
and reclamation potential.  Map unit  component percentages, and the percentages of major soil 
series  inclusions, were generated during the mapping phase.  The slope  percentage categories used 
for the map units emphasized soil  suitability and machinery salvageability limitations.  All  
boundaries of mapping units were plotted in the field on the base maps utilized for soil mapping.    
 
All map units were delineated as specified below:  
  
1) If soils were dissimilar (i.e., highly contrasting in physical and/or chemical properties and/or 


depth of  suitable soil), consociations of a minimum size of 1  to 1.5 acres were delineated.  
Spot symbols were used, as appropriate, for contrasting soil types which comprise less than 
one acre.  Dissimilar soils on Order 2 areas were delineated based on a minimum size            
of five acres.  Spot symbols were also used, if  appropriate, for contrasting soil types which 
comprise less than five acres. 


2) If soils were similar (i.e., low contrasting in physical and/or chemical properties and/or depths 
of  suitable soil), consociations of a minimum size of two to five acres were delineated.    


 
3) Map unit descriptions included the site specific percentages of the soil series components 


found in each mapping unit, as well as the percentages of major soil inclusions, and reflected 
the site specific conditions (ranges, variability, associated competing soils) of the study area. 


4) All map units were correlated with existing SCS map units and soil series, where possible.  
Where soils were significantly different than established soil series, these soils were classified 
and described  using variant, taxadjunct, and phase terminology. 


5) Definitions and limits for the terms: phase, consociation, complex, similar, and dissimilar 
were used as described in the National Soils Handbook (July 1983). 


  
Furthermore, each map was fully described and the following  items addressed:  
  


• map unit symbols  
 


• map unit name  
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• major map unit components and their percentages  
 
• major inclusions and their percentages  
 
• slopes  
 
• physiography type  
 
• erosion hazard from wind  
 
• erosion hazard from water  


 
• surface runoff  


  
As an additional product, JN provided MMC-IA with a complete and legible field notebook that 
describes the soil characteristics (in an appropriate method of field notation) for each hole that was 
dug during the basic soil mapping phase.    
 
JN believes this additional product was necessary for several reasons.  It provided survey-area-wide 
data beyond the standard point specific sampling data.  This information is valuable for establishing 
a site specific range of characteristics for all soil series mapped on the study area as well as for more 
specific topsoil volume calculations based on percent inclusions as well as major map unit 
components.  It also provides a written record of all field work that can be utilized in any 
subsequent field reviews initiated by MMC-IA or the State of Alaska regulatory personnel.  All dug 
holes were appropriately numbered in the field book and plotted on the base map.    
 
Map units were delineated on a 1" = 500' base map.  The  legend on the map included all map unit 
symbols and appropriate  component soil series names, soil sample location numbers, as well as 
recommended soil salvage depths.    
  
2.4  Soil Sampling and Profile Description  
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All soil taxonomic units (including organic soils) appearing in the soil survey legend were 
described and characterized.  The number of samples per taxonomic unit  adequately characterized 
each map unit.    
 
Component soils in consociations and complexes were sampled  a minimum of one time each.  All 
major inclusions in consociations and complexes were also sampled a minimum of one time each.  
Rock outcrop, disturbed areas, reclaimed areas, and "water" (Moose Creek riverwash) were 
described but not sampled.  Additional composite samples were taken to provide information on 
spatial variability.    
 
Sample sites were located where they represented the map  unit.  Transition zones between map 
units, road edges, fence   rows, or previously disturbed areas were avoided.  Sample sites  were 
placed so that they represent the entire permit area.    
 
A profile pit at each sampling site was excavated by hand.   The profile pit was excavated by spade 
to approximately 25 inches.  This was generally sufficient depth to expose the solum (A and B 
horizons) and some of the substratum (C horizon).  Below this depth, samples were taken by means 
of a 3-inch diameter hand auger.    
 
As sampled by hand auger, each profile was described and  sampled to a minimum depth of 60 
inches or to indurated bedrock  or clay shales, whichever was shallower.    
 
The major soil horizons (O, A, E, B, and C) were separately  described and characterized.  All 
horizons were sampled and  analyzed.  A two-quart sample was retained for each specific  sampled 
horizon.  Subhorizons greater than about 6 inches  occurring within any major horizon were also 
separately sampled  and analyzed.  Subhorizons less than 3 inches thick were combined in the 
sample with the adjacent horizon which they most closely resemble.  Where a major soil horizon 
was more than 18 inches thick in the lower part of the profile or more than 12 inches thick in the 
upper part, these horizons were subdivided and sampled separately.    
 
In addition, the following information was described on  standard SCS "232" field soil profile 
description forms for each  soil at the respective sampling location:  
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• vegetation  
 


• erosion condition  
 


• parent material  
 


• slope  
 


• relief  
 


• elevation  
 


• physiography  
 


• aspect  
 


• permeability  
 


• drainage  
 


• depth to groundwater (if encountered)  
 


• moisture  
 


• salt and/or alkali  
  
The following were also described for each horizon of the  sampled pedon:  
  


• depth 
 


• color (Munsell color - dry, moist, and crushed if  necessary)  
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• texture (fine earth, and coarse fragment modifier)  
 


• structure (grade, size, type)  
 


• consistency (dry, moist, wet)  
 


• roots (number and size)  
 


• clay films (number, thickness, occurrence)  
 


• coarse fragments (gravels, cobbles, stones, boulders)  
 


• mottles (number, size, distinctiveness, color)  
 


• boundaries (distinctness, color)  
  
A legal description was recorded for each sampling site and  included as part of the profile 
description in the technical  narrative.  The sampling location was plotted on the soil survey  map 
and staked and flagged in the field.    
  
2.5  


• pH (1:1 water and saturated paste)  


Laboratory Analysis  
 
All soil samples were sent to the Colorado State University  Soil Testing Laboratory (CSU) for 
standard soil analyses as  outlined below, and presented in Table XI-1.  These parameters  included:  
  


 
• EC  
 
• Saturation Percent  


 
• Texture (including very fine sand)  
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• Organic Matter Percent (reported as organic carbon)  


 
• Coarse Fragment Percent (field determination)  


 
• SAR (if pH > 8.4)  


 
• Calcium Carbonate Percent (if pH > 7.0)  


  
Fertility assessments including nitrogen (nitrate, ammonium, total), Cation Exchange  Capacity 
(CEC) by ammonium acetate, and phosphorous (P) by Mehlich 3 were analyzed for selected 
representative samples.    
 
In addition, E, Bhs, and Bs horizons of Spodosols were also  analyzed for iron and aluminum 
(sodium pyrophosphate and  citrate-dithionate).  All sampled Oe organic horizons were  analyzed 
for organic matter (weight loss on ignition), pH, and  total N.    
 
The specific list of soil analyses to be performed was  discussed with Mr. Sam Dunaway and Ms. 
Carol Pahlke of the  Division, and subsequently reviewed by Dr. Chien-Lu Ping.    
  
2.6  


An unsuitability criterion for pH of less than 4.2 was established based on discussion with Dr. Ping 


Evaluation of Soils for Reclamation Potential  
 
The soils and parent materials on the Wishbone Hill study  area were rated for suitability based on 
criteria derived from  discussions with the Alaska Division of Mining, the Soil  Conservation 
Service, and Dr. Ping as well as reference to  standard western coal mining topsoil suitability 
criteria.  Suitability criteria specific to the Wishbone Hill project are given in Table XI-2.  Because 
project area soils are very low in salts (electrical conductivity - EC), sodium content (the dominant 
component of Sodium Adsorption Ratio - SAR), calcium  carbonates, and other parameters that can 
be unsuitable in other western states, only those parameters which are specific to suitability of 
Wishbone Hill soils are listed in Table XI-2.    
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(MMCI Memo WH-003, June 23, 1988).  He recommended pH 4.2 based on his experience with 
soils in the Palmer, Alaska area.  He considers a soil with pH 5.0 to be a good soil in this area. 
 
Slopes of greater than 50 percent are considered to be too steep for salvage based on the inability of 
equipment to operate safely on the slope.  This limiting slope percent was determined based on 
discussion with reclamation personnel at various mines in the western states. 
 
Recommended topsoil salvage depths were generated for each  soil series mapped on the project 
area.  A salvage depth for each mapping unit was obtained from the individual soil series    salvage 
depths weight-averaged for the percent of each map unit  that they comprise.  Topsoil salvage 
depths were generated for  each soil series based on average depths to the suspect parameter or 
average soil profile depths (if the entire profile was suitable) across the study area.  All stated 
threshold levels were used as a guide for topsoil evaluation.  In some cases, individual factors 
changed the significance of a particular parameter.  Any modification of the evaluation process was 
accompanied by appropriate rationale and support data.  The projected salvage depths were 
developed in consultation with McKinley Mining Consultants personnel.  The  topsoil evaluations 
relied on the field descriptions of each soil series and mapping unit as well as extensive laboratory 
data generated by the study.  Each map unit was given a salvage depth recommendation that 
represents suitable rated material.  Unsuitable rated material was not recommended for salvage.    
 
These suitability evaluations, based on averages across the  study area, were used for topsoil 
volume (Acre-Feet/Acre)  determinations which are presented in Section D of the Mine and  
Operation Plans of the permit application.  These calculations  present volume of topsoil in acre feet 
for each soil map unit  present in projected disturbance areas.  Composition of the mining area, in 
acres and percent of total, of each map unit was also developed.  A brief statement of soil 
limitations for each map unit was prepared.    
  
3.0  RESULTS AND DISCUSSION  
  
3.1  


3.1.1  Climate  


General Nature of the Study Area  
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The climate of the Wishbone Hill study area reflects the  combined influences of latitude, nearness 
to the ocean, and the  presence of nearby mountains.  The following material is taken  verbatim 
from Ping (1987).  The area has a mixed continental and  maritime climate.  Moist, warm air from 
the Pacific Ocean to the  south brings in snow in the winter and rain in spring and summer.  In 
nearby Palmer, the MAAT is 1.3C, with extremes of 33 and -40C.  The average maximum daily 
temperature reaches 19C in the summer when the day length is long.  The average minimum daily 
temperature is usually below -5C in the winter.  The MAP is 380 mm.  Precipitation increases 
through the summer months to a maximum in September.  Average annual snowfall is 137 cm.  
Snowfall generally starts in October and peaks in both December and March.  In addition to 
intermittent strong winds, mid-winter temperature fluctuations in the freeze-thaw range are 
common, thus snow cover can either be blown away by wind or melted away by winter rains.  The 
average number of frost-free days is 108 at the 0C limit, and 135 at the -2C limit based on air 
temperature (Ping 1987).  The MAP of the Wishbone Hill area, in comparison to Palmer, should be 
slightly higher.    
 
The soil temperature regime of the study area is "cryic" and the soil moisture regimes include "udic" 
and "aquic".  A  discussion of wetland (hydric) soils which have an aquic soil  moisture regime is in 
Section 3.3.4.  Permafrost does not exist  in the study area, but seasonably frozen ground can occur 
in  kettle holes and basins within glaciofluvial outwash areas as well as slight depressional areas on 
upland glacial till areas (Moore 1988).    
  
3.1.2  Geology  
 
The Wishbone Hill area lies in a zone of moderately deformed clastic rocks of Tertiary age, ranging 
from claystone to conglomerate.  Prominent formations include the Chickaloon,  Wishbone, and 
Tsadaka.  Wishbone Hill is a conglomerate-capped  synclinal ridge that extends from the former 
Premier mine on Moose Creek northeastward about six miles to Eska Creek.  Bedrock is largely 
concealed by Quaternary glacial and alluvial deposits, which cover all but the steeper slopes 
(Barnes 1956).  As such, soils are developing in the glacial and Holocene deposits and not in 
weathered bedrock.    
  







 
 


 XI-12 WBH 2009 Update 
 


 


3.1.3  Geomorphology  
 
The Wishbone Hill area is a prominent topographic upland  within the lower Matanuska Valley.  It 
is separated from the  Talkeetna Mountains to the north by a broad valley drained by  tributaries of 
Moose and Eska Greeks.  Sharply incised valleys of Moose and Eska Creeks comprise the west and 
east sides of Wishbone Hill.  On the south, it is flanked by a broad undulating sand and gravel 
glacial outwash surface about 700 to 800 feet in altitude.  The main Wishbone Hill upland is 
underlain by very gravelly, sandy loam glacial till.  A surface mantle of wind deposited loess 
overlies both the glacial outwash and till surfaces.  This silt loam material, about 18 inches thick, is 
derived primarily from fluvial deposits within the upper Matanuska River Valley.  The surface 
mantle also contains a small admixture of volcanic ash.  Although the silt loam loess has a high 
inherent wind and water erosion hazard, no significant erosion was noted on the Wishbone Hill 
upland or at any of the soil sample sites.   
 
The convex upland position of Wishbone Hill and the very  thick, very coarse glacial deposits both 
contribute to well  drained conditions on the study area.  Buffalo Creek is the main  drainageway on 
the upland and is narrow and generally without  bordering lowland areas.  
  
3.2  


3.3  


Soil Survey Maps  
 
Ten soil types (series, series variants, taxadjuncts, and  soil subgroups) were mapped in eleven soil 
map units.  Four  miscellaneous map units (Rock Outcrop, Disturbed Land, Reclaimed  Land, and 
Water) were also mapped on the study area.  The  distribution of each map unit on the study area is 
provided on a  1" = 500' scale topographic base map included as Plate XI-1  accompanying this 
report.  A complete legend, which identifies all mapping unit symbols is provided on the map as 
well.    
 
Typical soil profile pedons (soil sample locations) are also denoted on the maps, as well as all 157 
soil profile description locations.  A List of Soil Profile Descriptions is provided as Table XI-3.    
  


Soil Characterization and Classification  
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3.3.1  Soil Horizon Nomenclature  
 
In 1982 the Soil Conservation Service adopted a new system  of soil horizon nomenclature (Guthrie 
and Witty 1982).  All soil  series being mapped within ongoing soil surveys would be revised  
before publication.  Published surveys (such as the 1968 Matanuska Valley Area Soil Survey which 
includes the study area) would not be revised.  All soil series that were mapped on the current 1988 
Wishbone Hill soil survey had been mapped elsewhere in Alaska since the 1968 Matanuska survey 
and therefore had been revised by SCS.  This provided up-to-date series descriptions that did not 
need horizon nomenclature revision before comparison to the site-specific Wishbone Hill soils 
could be made.  Soil horizon nomenclature was not a problem on the Wishbone Hill survey and 
easy comparisons could be made between soil series mapped on the Wishbone Hill study area and 
those same or similar series mapped and described in other parts of the Matanuska-Susitna Valleys 
areas.    
  
3.3.2  Soil Series Correlation  
 
All Wishbone Hill study area soils were correlated with  existing SCS soil series criteria.  Current 
soil series  descriptions, "Form 5" (SOI-5) Soil Interpretation Records, and  all available soil 
laboratory data were obtained from Joe Moore,  Assistant State Soil Scientist for Alaska.    
 
SCS is in the process of revising the taxonomic  classification of Spodosols and when revisions are 
finalized in  the next few years, the classification of Wishbone Hill soils  could change.  However, 
as Dr. Ping has said (Ping 1988), this  survey only needs to be responsive to the soil taxonomy 
currently used, and not worry about probable revisions.    
 
In addition, several specific issues came up concerning  Wishbone Hill soil classification.  Does the 
dominantly silty  loess mantle on Wishbone Hill contain volcanic ash, and if it  does, how much?  
How deep do the spodic horizons go in these soils - lower than 10 inches?  These are questions that 
affect soil taxonomy and SCS will attempt to answer these for themselves when they re-map the 
Wishbone Hill area (they originally mapped it as part of the 1968 Matanuska Valley Area Soil 
Survey) in the near future.  Reference should be made to the lengthy discussion in each soil's range 
of characteristics discussion (Appendix 11-A) concerning these and other soil classification issues.   
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3.3.3  Prime Farmland Status  
 
No soils on the Wishbone Hill study area meet criteria for  prime farmland soils (Moore 1988).    
  
3.3.4  Wetland Soils Status  
 
The presence of wetland soils is one of three diagnostic  environmental characteristics used to 
determine the presence of  wetlands.  Wetland soils are soils classified as "hydric" or that are 
associated with anaerobic soil conditions.    
 
The Soil Conservation Service (SCS 1987) defines hydric conditions as when the soil in its 
undrained condition is   saturated, flooded, or ponded long enough during the growing  (frost-free) 
season to develop anaerobic conditions that favor the growth and regeneration of hydrophytic 
vegetation.  Features  frequently associated with hydric conditions include:  
  


1) Aquic moisture regime, as defined in Soil Taxonomy (Soil Survey Staff 1987),  
 


2) A deficiency of oxygen at or near the surface during much of the growing season, or  
 


3) Flooding or ponding of long duration during the growing season.    
  
SCS distinguishes between soils that consistently display  hydric conditions and those that may 
exhibit hydric conditions.   The Army Corps of Engineers (COE) defines wetland soils as those  
soils that are either on the SCS list of hydric soils (SCS 1987)  or display hydric conditions upon 
field examination.    
 
Wetland soils are classified into either organic or mineral  groups.  Organic soils are called histosols 
and develop under  conditions of nearly continuous saturation and/or inundation.  For this study 
area, all organic soils are considered to be wetland soils.    
 
Organic wetland soils are commonly known as peats and mucks.  Organic matter requirements vary 
with taxonomic category.  Generally speaking, histosols must have between 20 and 30 percent 
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organic matter in the surface 8 to 24 inches (depending on clay content).   
 
All wetland soils other than histosols are mineral soils.   Mineral soils range from clayey to sandy 
and vary in color from  gray to red.  Mineral wetland soils are those periodically  saturated for a 
sufficient duration to significantly impact soil  chemical and physical properties.  They are usually 
gray, mottled immediately below the surface horizon, or have thick, dark-colored surface layers 
overlying gray or mottled subsurface horizons (Environmental Laboratory 1987).    
 
Three soils characterized in the field during the detailed  Order 1/2 Wishbone Hill Soil Survey meet 
criteria for wetland soil status:  
  


• Terric Cryosaprists (Map Unit D)  
 


• Lucile (a component of Map Unit F and I)  
 


• Torpedo Lake Variant (a component of Map Unit B)  
  
Terric Cryosaprists was not classified to the soil series  level because SCS has not set up series 
names for this soil  subgroup.  Terric Cryosaprists are hydric soils because they meet the criteria for 
Histosols, organic soils indicative of wet  conditions.  Lucile (Sideric Cryaquod) and Torpedo Lake 
Variant  (Humic Cryaquept) are hydric soils because they have "aquic"  moisture regimes which 
indicate the presence of a reducing regime that is virtually free of dissolved oxygen due to 
saturation by water.    
 
Although all three soils are hydric soils, only Terric  Cryosaprists appear in this situation to be 
indicators of potential wetlands.  Only one small area of Terric Cryosaprist soil exists on the 
Wishbone Hill project area.  This area, immediately adjacent to Buffalo Creek, supports some 
hydrophytic vegetation in a narrow zone; however, detailed analysis of the vegetation component 
(see Chapter VIII) indicated that the area is not a true wetland.    
 
Both Lucile and torpedo Lake Variant (TLV) meet hydric soil  status for atypical reasons, and do 
not support vegetation unique to wetland areas.  Lucile soils have a surface mantle of about 18 
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inches of wind deposited loess (with a small admixture of volcanic ash) over very gravelly glacial 
outwash.  The upper two feet of the soil profile freezes during the winter and then thaws from the 
surface downward during May or as soon as weather permits.  As the thaw progresses downward, 
the saturated zone above cannot drain and becomes a seasonally reduced zone due to a perched 
saturated condition.  The Lucile soils are found in kettle positions within the large eskers found in 
the S 1/2 of Section 27, and in most of Sections 34 and 35, T19N, R2E.  Soil mottling is found 
close to the surface and meets criteria for hydric status.  As soon as the thaw is complete, the soil 
water freely drains through the coarse sand and gravel substrate, and the soil becomes well drained 
for the remainder of the frost-free season.  The soil is not saturated long enough to provide 
conditions favorable for unique wetland plants.  The kettles do not support wetlands even though 
Sideric Cryaquods are hydric soils.    
 
SCS soil scientist Mark Clark, (Project Leader - Matanuska  Area Soil Survey, Palmer, Alaska) and 
Jim Nyenhuis spent one day  in the field in June, 1988, reviewing principal soils on the  project 
area.  The typical location for Lucile (WH-62) was visited and an additional auger hole was dug 
about 10 feet away from the previously described and sampled soil at WH-62.  Mr. Clark verified 
the taxonomic classification, and also believes the kettle holes do not have unique wetland plants 
and should not be considered true wetlands (Clark 1988).  He also concurred on the genesis of soil 
mottling due to a seasonally perched  saturated zone.    
 
The Torpedo Lake Variant soil has a similar thickness of  loess at the surface but the substratum is a 
dense gravelly sandy loam till rather than glacial outwash.  This soil also has  mottling near the 
surface that meets criteria for hydric soils.   The dense, compact till is acting as the impermeable 
zone and a  saturated zone is perching above the till for a period of time  during snowmelt.  Again, 
unique wetland plants are not found in  these areas and they should not be considered wetlands.  
The TLV  soil is found in scattered areas on the upland till surface  upslope from the glacial 
outwash areas, and is mapped in complex  with the Talkeetna soil which is well drained.    
 
The Niklason taxadjunct soil, mapped on terraces of Moose  Creek, is well drained with no 
mottling and is not a hydric soil.  Also, Typic Cryumbrepts which are mapped in swales and small 
drainageway positions on the upland till surface are also well drained and have no soil mottling or 
other indicators of hydric soils.    
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3.4  


• Map unit symbol and name with associated slope range  


Mapping Unit Descriptions and Soil Interpretations  
 
Mapping units are depicted by map symbol, name, and slope  percentages in Table XI-4, Guide to 
Soil Map Units.  Detailed     descriptions of each mapping unit are provided in Table XI-5, Soil 
Map Unit Descriptions.  These descriptions are presented in  alphabetical order by map unit symbol 
and include:  
  


 
• Major map unit components and their percentages  


 
• Map unit inclusions and their percentages  


 
• Slope and physiography (terrain) description  


 
• Parent material type  


 
• Erosion hazard from wind and water (descriptive term)  


  
Additional information is provided for each major soil  component of the mapping units in Table 
XI-6, Soil  Interpretations.  Information provided in this table includes:  
  


• Texture of particle-size control section  
 
• Depth of profile  


 
• Effective rooting depth (inches)  


 
• Internal drainage  


 
• Permeability  
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• Available water holding capacity  
 


• Rate of surface runoff  
 


• Typical reaction class (surface/subsoil)  
 


• Wind erodibility group number (surface layer)  
 


• Wind and water erosion potential (I and K factor for surface/subsoil)  
 


• Hydrologic group status  
  
3.5  


All 15 soil profiles which were sampled, either by horizon or by composite, were fully described by 
soil horizon in the field and this data is presented in Appendix A.  No samples were composited 
during sampling of the major soils.  Only three sampled profiles had portions composited 


Soil Series Descriptions 
 
The soil series found on the study area and their taxonomic  classifications are provided in Table 
XI-7, Soil Series  Information.  This table also lists the map unit number, sample  numbers, and 
related SCS information concerning soil series  descriptions.  The SCS descriptions are for the 
series only, not  the series variants or taxadjuncts.  The soil series mapped on the Wishbone Hill 
study area are established series (E) as well as variants, taxadjuncts, and soil subgroups.    
 
Copies of the SCS Official Soil Series Descriptions,  accompanying "Form 5" (SOI-5) Soil 
Interpretation Records, and  profile descriptions of all 157 auger hole observations, are on  file at 
McKinley Mining Consultants in Palmer, Alaska.    
 
Soil series descriptions are provided in Appendix A and  identify the morphology of representative 
soil profiles on the  study area.  Series descriptions were obtained from sampled soil  pits and have 
been correlated with their analytical results as  well as with SCS series information to the extent 
applicable.    
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(Homestead, Nancy Variant, and Chulitna Variant) for the reasons explained below.  Based on 
conversations with SCS soil scientists, Mark Clark and Joe Moore, information contained in 
official SCS soil descriptions (for Homestead, Kashwitna, Nancy and Chulitna soils), and site-
specific information obtained during the Wishbone Hill soils field work, it became apparent that all 
of these soils are similar Typic Cryorthods differing primarily in the thickness of the loess cap.  
Homestead has a loess mantle less than 10 inches thick.  Kashwitna's mantle is between 10 and 20 
inches thick, Nancy Variant between 20 and 30 inches, and Chulitna Variant between 30 and 40 
inches to the very gravelly glaciofluvial deposits which constitute the 2C horizons of these soils.  
Each has the same major horizons and they differ primarily in distance from the Matanuska River, 
the source of the loess mantle.  The closer an area is to the river, the thicker the loess mantle.  
Nancy Variant and Chulitna Variant are mapped in the area where the mine access road is 
proposed, an area closer to the river than the mine area.  Homestead is an exception due to 
truncation of a portion of the solum.  Kashwitna is by far the most extensive soil of this group, and 
was sampled three times.  Because there were no major differences among these soils' loess mantles 
as detected in the field or in discussions with SCS personnel, it was decided in the field to 
composite the loess mantle into one sample for both Nancy Variant and Chulitna Variant.  The 
entire loess mantle is suitable for salvage, and could be treated as one sample for laboratory 
analysis.  The method of composite sampling involved the collection of an appropriate amount of 
soil material based on the relative thickness of the horizons within the composited depth ("weight 
averaging").  In scoping meetings with Dr. Ping, he recommended composite sampling where 
appropriate.  In addition, this composite sampling resulted in some economy of laboratory expense 
which was justified due to the similar nature (all of it suitable topsoil) of the loess mantle.  
Homestead's loess mantle (less than 10 inches thick) was composited for the same suitability reason 
in addition to the fact that there are four horizons within the top 10 inches. 
 
It was the intent of the soils field work, at the beginning of the survey, to describe and sample soil 
material down to a minimum of 60 inches.  Several factors emerged during the survey that resulted 
in a modification of this intent.  All 15 sampled profiles were fully described (including the 2C 
glacial till or outwash horizon) throughout the depth of observation, regardless of whether the 2C 
horizon was sampled.  The descriptions of the 2C horizons are contained in Appendix A.  Not all 
2C horizons were sampled to 60 inches.  All major soils had at least one profile (Talkeetna had 
three) sampled to 60 inches, or to the lowest depth possible before coarse fragments (cobbles) 
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prevented further digging.  Conversations with SCS soil scientists Joe Moore and Mark Clark, Dr. 
Chien-Lu Ping (University of Alaska Agricultural and Forestry Experiment Station), as well as 
information obtained in the field during the initial portion of the soils field work, indicated that the 
glacial materials (very gravelly dense till and very gravelly to cobbly outwash) were unsuitable for 
use as topsoil.  Mr. Moore, Assistant State Soil Scientist for SCS-Alaska, commented on the sterile, 
very dense nature of glacial till in southcentral Alaska that results in loss of agricultural production 
once the fertile loess mantle is removed.  Dr. Ping recommended an unsuitability level for coarse 
fragment content of greater than 10 to 15 percent for cobbles, and greater than 30 percent for 
gravels.  The soil profiles described in the early part of the survey, as well as the sampled 2C 
horizons, clearly had coarse fragment contents that exceeded limiting values.  Discussions with 
drillers on site who were routinely drilling through glacial materials supported the very coarse 
nature of the glacial materials.  Observations of road cuts on site also supported this conclusion.  In 
addition, soil auger holes were extremely difficult to dig through the glacial materials, and often 
required a larger diameter auger bucket and/or a companion hole dug immediately adjacent to a first 
hole so that coarse fragments could be moved sideways enough to permit continued digging.  A 
backhoe was not used because trails would have been required through the dense vegetation, 
resulting in more disturbance than necessary to confirm the widely held view that glacial materials 
should not be used as a source of topsoil.  As a result, a change in sampling protocol occurred 
during the survey which emphasized the sampling and laboratory characterization of the fertile 
loess mantle rather than the very gravelly, sterile glacial materials.  All 2C horizons continued to be 
described but limited sampling occurred. 
 
In regard to sampling thick and thin horizons, the O (organic) horizon was sampled as one horizon 
regardless of thickness.  Actual thickness ranged from 1 inch (WH-89) to 5 inches (Wh-137), but 
most averaged 2 or 3 inches.  The E horizon, where present, was also sampled as one horizon with 
sample thickness ranging from 2 to 5 inches.  The B horizon was sampled by major subhorizon 
(Bhs, Bs, Bsg, Bwlg, Bw2g, etc.) regardless of thickness, with sample thickness ranging from 4 to 
16 inches (most are closer to the low end of the range).  The BC or 2BC transition horizon was 
sampled as one sample, with thickness ranging from 5 to 10 inches.  The 2C horizon (glacial parent 
material) was sampled as one sample regardless of thickness, except for Lucile (WH-62) which is a 
special case (see Lucile Range of Characteristics discussion) where 4 subhorizons of the 2C horizon 
were sampled separately.  The decision to sample the 2C horizon as one sample was based on the 
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recommendation of Dr. Ping as stated in MMCI Memo WH-003 (June 23, 1988). 
 
3.6  


3.7  


Soil Laboratory Results  
 
The results of laboratory analysis of all soil samples  collected during the 1988 soil survey are 
provided in Appendix B.  The results were thoroughly checked by Mr. Steve Workman, Director of 
the Colorado State University Soil Testing Laboratory, before release, and have meet all CSU 
internal quality assurance-quality control criteria.  Jim Nyenhuis reviewed the results in detail and 
then had the opportunity to show the data to Dr. Chien-Lu Ping who reviewed it and concluded that 
it appeared reasonable (Ping 1988).  As a result, it was decided that laboratory analysis of a 5% split 
by an alternate laboratory was not necessary because the data appeared reasonable and the Division 
of Mining did not request it after the Soils Scope of Work document was reviewed by them (it was 
offered as an option if requested).    
 
Laboratory results indicate that Wishbone Hill soils are very low in salts (electrical 
conductivity-EC) and sodium, generally low in calcium and magnesium, and have low pH's 
characteristic of Alaskan soils.  Most soils have spodic horizons which are accumulation zones of 
illuviated organic matter, aluminum, and iron.  All soils have an acidic surface organic layer.  The 
loess mantle which covers the entire site has dominant silt loam texture whereas the underlying 
glacial till or outwash is a gravelly to very gravelly sandy loam or loamy sand.  Results are typical 
for Matanuska-Susitna Valley soils (Clark 1988), with the possible exception that solum thickness 
(the thickness of the soil from the surface to the base of the B horizon) on the Wishbone Hill study 
area is slightly greater.  Soil productivity is discussed in  Section 3.8.    
  


Topsoil Suitability  
 
An evaluation of each soil series, variant, taxadjunct, or  soil subgroup's suitability for topsoiling 
has been performed.   Each soil type was evaluated by individual sampled horizons for  significant 
physical and chemical parameters presented previously in Table XI-2.  The range of characteristics 
for each soil type (presented in Appendix A) was also evaluated.  Recommended topsoil salvage 
depths, a summary of soil suitability limitations, and topsoil quantities (Acre-Feet/Acre) for each 
map unit is presented in Table XI-8.    







 
 


 XI-22 WBH 2009 Update 
 


 


The silt loam (loess) material which blankets the entire  study area is suitable for use as topsoil 
during reclamation.   This loess mantle has been deposited by wind during the last  10,000 years.  It 
is the dominant topsoil source on the study  area.  The underlying glacial outwash and till are 
unsuitable for use as topsoil because the coarse fragment content is too high, especially in the 
outwash material where there are few "fines" once the true outwash is encountered. 
 
All till and outwash substrata (2C horizons) have greater than 35 percent gravels and/or more than 
15 percent cobbles and are, therefore, unsuitable for salvage.  The amount of gravel and cobbles in 
the 2C horizons of each sampled profile is listed in Appendix A.  There is one special case which 
concerns "local alluvial" materials which are found between the loess mantle and underlying 
glaciofluvial materials in enclosed basins and kettle holes within esker systems in the south 1/2 of 
Section 27, and in Sections 34 and 35, T19N, R2E (see range of characteristics discussion for 
Lucile).  These alluvial materials apparently washed down into the kettle holes and basins before 
loess deposition.  Coarse fragment content is less than limiting, and this material is suitable for 
salvage.  Map units F and I which contain Lucile, the soil with suitable alluvial materials below the 
loess cap, have been mapped very accurately because they occupy such a distinct kettle hole and 
basin topographic position.  Although mapped as complexes, Lucile is dominantly found on lower 
positions within these depressions.  The miscellaneous inclusions rated suitable to 51 inches are 
also found on lower positions within kettle holes and basins and can be separately salvaged with the 
Lucile. 
 
In addition, the glacial till upland areas (Map Units A, B, and C), have been compacted by former 
permafrost and are too dense for use as topsoil.  Assistant State Soil Scientist Joe Moore has 
commented on the undesirable characteristics of glacial till in the Matanuska-Susitna valley area 
(Moore 1988).    
 
Fortunately, the glacial outwash and till is blanketed by the silt loam loess and there is a sufficient 
amount of this material that topsoil salvage is recommended.  In general, about 18 inches of the silt 
loam material covers the entire study area.  This depth increases along the proposed mine access 
road as one approaches the loess source area, the Matanuska River Valley.  In the kettle holes and 
basins within the glacial outwash areas, the loess is underlain by a variable thickness of local 
alluvial material before the very coarse textured true glacial outwash is encountered.  As stated 
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above, this alluvial material is also suitable and is recommended for salvage.    
 
The only cases in which unsuitable material was included with suitable material were the O and E 
horizon of profile WH-4, and the E horizon of profile WH-8, both of which have a pH of 4.1.  This 
material is just outside the suitability limit for pH, and should mix to a suitable level during salvage 
operations. 
 
Topsoil salvage depths for each soil type were generated by  averaging the thickness of the silt loam 
mantle over the  underlying outwash or till.  The hemic (Oe) and sapric (Oa)  organic horizons were 
included with the silt loam as salvageable  topsoil.  The surface forest litter (Oi) horizon (usually 
about  one inch thick) was not included in the topsoil salvage depth.   
 
The depth and suitability of Wishbone Hill soils compares  favorably to other Alaskan soils.  The 
Wishbone Hill silt loam  loess mantle is definitely suitable for salvage although the  underlying 
glacial materials are not.  In other areas of Alaska,  the glacial materials can be closer to the surface 
with less  overlying suitable material, or there can be more volcanic ash in the soil profile.  Ash is 
less desirable than loess for use as salvageable topsoil.    
 
Based on the soil suitability evaluation, sufficient soil  material does exist on the Wishbone Hill 
proposed permit area to  achieve successful reclamation.    
  
3.8  


Fertility assessments were conducted on study area soils in  order to provide a baseline for 
comparison to reclaimed minesoils.  The approved list of soil analyses was discussed in Section 2.5. 
 Eleven surface layer hemic (Oe) horizons were analyzed for pH, total nitrogen, and organic matter 
(weight loss on ignition) as well as two buried organic sapric horizons (Oab).  All other samples (all 
mineral), except for approximately one half of the underlying glacial substratum 2C horizons, were 
tested for nitrogen (nitrate, ammonium, and total), phosphorus (Mehlich 3), potassium and CEC 
(ammonium acetate) in addition to standard soil parameters.  Three composite soil profile samples 
were also tested for these  fertility related parameters.  This data has provided a sizable  amount of 
fertility information compared to typical mining  baseline soil surveys which generally postpone 


Soil Productivity  
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fertility  assessments until the salvaged soil material has been reapplied.  
  
It should be noted, however, that revegetation must utilize  native plant species regardless of 
generally low native soil  fertility.  In addition, fertility recommendations for native  species have 
not been firmly established.  The best time for  fertility testing is after salvaged soil material has 
been  reapplied but prior to reseeding.  Any fertility changes due to  topsoil salvaging and possible 
stockpiling would be reflected in  subsequent testing.    
 
Nitrogen levels in the Wishbone Hill soils are low as  indicated by low levels of extractable nitrate 
and ammonium  nitrogen.  Total nitrogen is relatively high and could act as a  source of additional 
fertility but apparently has slow release as shown by the low nitrate and ammonium nitrogen levels. 
 This is probably due to low soil temperatures and biological degradation that is limited to the short 
frost free season.  An adequate amount of nitrogen for an Alaskan plowlayer is about 50 to 75 ppm 
(Ping 1988).    
 
Phosphorous levels vary from low to high based on an adequate level of approximately 15 ppm 
(Ping 1988).  Minesoil phosphorous levels should be adequate due to soil mixing during salvage 
operations.  Potassium levels are relatively high with most over 40 ppm.  They range from about 10 
to 350 ppm.  An adequate level is approximately 40 ppm (Ping 1988).  Micronutrient levels 
(Manganese, Iron, Boron, Copper, Zinc, and Molybdenum) were not tested, with the exception of 
iron which was high, but should be suitable based on the low pH's of native soils.    
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 6.0  GLOSSARY OF SELECTED TERMS  
   
ALLUVIUM - 1) locally derived - unconsolidated mineral material deposited on sideslopes and 


valley floors by local unconcentrated downslope runoff, accompanied somewhat by  
gravitational forces.  2) stratified-mineral material that has been subjected to appreciable 
transport in suspension with concentrated water flow and deposited in highly variable layers.  


  
CLAY - As a soil separate, the mineral soil particles less than 0.002 millimeter in diameter.  As soil 


textural class, soil material that is 40 percent or more clay, less than 45 percent sand, and less 
than 40 percent silt.    


  
COARSE FRAGMENTS - mineral particles or rocks having diameter greater than 2 millimeters, 


such as gravels, cobbles,  channels, and stones. 
  
COARSE-LOAMY - As a soil particle size class, the soil has less than 18 percent clay by weight in 


the fine-earth fraction, and 15 percent or more of the soil particles are fine sand or coarser.  
Textures are not sandy (see sandy).  


  
COARSE-SILTY - As a soil particle size class, the soil, by weight, has <15 percent of the particles 


are fine sand or coarser, including fragments up to 7.5 cm in diameter; <18 percent clay in the 
fine-earth fraction. 


  
COLLUVIUM - Soil material, rock fragments, or both moved by creep, slide, or local wash and 


deposited at the bases of slopes.  
  
CRYIC - a soil temperature regime with mean annual soil temperature higher than 0C (32F) but 


lower than 8C (47F).  Special conditions apply to both mineral and organic soils. 
  
DEEP - the soil is 40 to 60 inches deep over bedrock. 
  
DRAINAGE CLASS - Refers to the frequency and duration of periods of saturation or partial 


saturation during soil formation, as opposed to altered drainage, which is commonly the  result 
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of artificial drainage or irrigation but may be  caused by the sudden deepening of channels or 
the blocking of drainage outlets.  Seven classes of natural soil drainage are recognized.  


  
Excessively drained - Water is removed from the soil very rapidly.  Excessively drained 
soils are commonly very coarse textured, rocky, or shallow.  Some are steep.  All  are free of 
the mottling related to wetness. 
  
Somewhat excessively drained - Water is removed from the  soil rapidly.  Many somewhat 
excessively drained soils are sandy and rapidly pervious.  Some are shallow.  Some are so    
steep that much of the water they receive is lost as  runoff.  All are free of the mottling 
related to wetness.     
 
Well drained - Water is removed from the soil readily, but not rapidly.  It is available to 
plants throughout most of the growing season, and wetness does not inhibit growth of       
roots for significant periods during most growing seasons.  Well drained soils are 
commonly medium textured.  They are mainly free of mottling.    
  
Moderately well drained - Water is removed from the soil  somewhat slowly during some 
periods.  Moderately well  drained soils are wet for only a short time during the  growing 
season, but periodically they are wet long enough  that most mesophytic crops are affected.  
They commonly  have a slowly pervious layer within or directly below the  solum, or 
periodically receive high rainfall, or both.    
  
Somewhat poorly drained - Water is removed slowly enough that the soil is wet for 
significant periods during the  growing season.  Wetness markedly restricts the growth of  
mesophytic crops unless artificial drainage is provided.  Somewhat poorly drained soils 
commonly have a slowly pervious layer, a high water table, additional water from seepage, 
nearly continuous rainfall, or a combination of these.    
  
Poorly drained - Water is removed so slowly that the soil  is saturated periodically during 
the growing season or  remains wet for long periods.  Free water is commonly at or near the 
surface for long enough during the growing season that most mesophytic crops cannot be 
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grown unless the soil is artificially drained.  The soil is not continuously  saturated in layers 
directly below plow depth.  Poor drainage results from a high water table, a slowly pervious 
layer within the profile, seepage, nearly continuous rainfall, or a combination of these.    
  
Very poorly drained - Water is removed from the soil so slowly that free water remains at or 
on the surface during       most of the growing season.  Unless the soil is artificially drained, 
most mesophytic crops cannot be grown.  Very poorly drained soils are commonly level or  
depressed and are frequently ponded.  Yet, where rainfall is high and nearly continuous, 
they can have moderate or high slope gradients.    


  
FAMILY - A level of classification in the soil taxonomic system; a group of soils having similar 


physical and chemical  properties that affects their response to management and manipulation 
for use. 


  
FINE-EARTH FRACTION - that portion of the soil particles which has diameter of less than 2 


millimeters. 
  
FINE-LOAMY - by weight, a textural class in which the fine earth fraction has 18 to 34 percent 


clay and greater than 15 percent fine or coarser sand.  
  
GLACIAL OUTWASH - Gravel, sand, and silt, commonly stratified, deposited by glacial melt 


water.    
  
GLACIAL TILL - Unsorted, nonstratified glacial drift consisting of clay, silt, sand, and boulders 


transported and deposited by glacial ice.    
  
GLACIOFUVIAL DEPOSITS - Material moved by glaciers and subsequently sorted and deposited 


by streams flowing from the melting ice.  The deposits are stratified and occur as kames, eskers, 
deltas, and outwash plains.    


  
HORIZON (SOIL) - contrasting layers of soil material approximately parallel to the land surface 


and differing from adjacent layers in physical, chemical, and biological properties or 
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characteristics produced by soil forming processes.  The major horizons of mineral soil are as  
follows:  


  
O HORIZON - an organic layer of fresh and decaying plant residue at the surface of a 
mineral soil. 
   
A HORIZON - commonly the uppermost mineral layer in the soil profile often referred to as 
the surface soil.  It is the horizon where humus is accumulative or formed and also       
called the zone of eluviation.    
  
E HORIZON - a mineral horizon, mainly a residual concentration of sand and silt high in 
Content of resistant minerals as a result of the loss of silicate clay, iron, aluminum, or a 
combination of these.    
  
B HORIZON - the master horizon commonly found immediately beneath the A horizon and 
often called the subsoil or zone of  illuviation.    
       
C HORIZON - a mineral layer, excluding bedrock or unconsolidated lithologic materials, 
that is only slightly affected by pedogenic processes and lacks properties diagnostic of A 
and B horizons.  It is often called the substratum.  


  
LOAMY-SKELETAL - As a soil particle size class, the soil has rock fragments hat make up 35 


percent or more by volume; enough fine earth to fill interstices larger than 1 mm; the       
fraction finer than 2 mm is loamy as defined for the loamy particle-size class. 


  
LOESS - fine grained material, dominantly of silt-sized particles, deposited by wind.    
  
MEDIAL - term used to replace texture particle size class for soils with high organic matter content 


and a spodic horizon in a cryic temperature regime; medial has less than 60 percent by weight 
volcanic ash cinders and pumice; <35 percent by volume is 2 mm in diameter or larger; the fine 
earth fraction is not thixotropic and the exchange complex  is dominated by amorphous 
materials. 
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MODERATELY DEEP - the soil is 20 to 40 inches deep over bedrock. 
 
MOTTLING, SOIL - irregular spots of different colors that vary in number and size.  Mottling 


generally indicates poor aeration and impeded drainage.  
  
MUNSELL NOTATION - A designation of color by degrees of the three variables - hue, value, and 


chroma.  For example, a notation of 10YR 6/4 is a color of 10YR hue, value of 6, and chroma 
of 4.    


  
PARALITHIC CONTACT - boundary between soil and hard (greater than three on Moh's scale), 


continuous, coherent underlying  materials.  Roots generally do not extend below a paralithic 
contact.  Much disagreement exists concerning the nature and placement of the paralithic 
contact. 


  
PARENT MATERIAL - the unconsolidated organic and mineral material in which soil forms.    
  
PEDON - a conceptual unit area of soil which represents the nature and variabilities of its horizons 


and other properties.  The smallest volume that can be called a "soil".  
  
PHASE - a subdivision of a soil series based on such factors as slope, surface texture, stoniness, 


salinity, internal  drainage, etc.  
  
PROFILE - the sequence of horizons present in a soil. 
  
RESIDUUM - unconsolidated material which accumulates by weathering of parent material in 


place.  
  
SAND - As a soil separate, individual rock or mineral fragments from 0.05 millimeter to 2.0 


millimeters in diameter.  Most sand grains consist of quartz.  As a soil textural class, a soil that 
is 85 percent or more sand and not more than 10 percent clay.    


  
SANDY - As a soil particle size class, the soil has texture of fine earth is sand or loamy sand but 
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not loamy very fine sand or very fine sand; rock fragments make up less than 35 percent by 
volume.  


  
SANDY-SKELETAL - same as above but rock fragments make up more than 35 percent by 


volume. 
  
SERIES - a level of classification in the soil taxonomic system; somewhat similar to the species 


category in the Linnean  taxonomic system.  
  
SHALLOW - the soil is 10 to 20 inches deep over bedrock. 
  
SILT - As a soil separate, individual mineral particles that range in diameter from the upper limit of 


clay (0.002 millimeter) to the lower limit of very fine sand (0.05 millimeter ).  As a soil textural 
class, soil that is 80 percent or more silt and less than 12 percent clay.    


  
SKELETAL - the soil contains 35 percent or more coarse fragments, by volume.  Fine earth 


modifiers of sandy, loamy, or clayey precede the term skeletal in soil particle size classification.  
  
SOIL SEPARATES - Mineral particles less than 2mm in equivalent diameter and ranging between 


specified size limits.  The names and sizes of separates recognized in the United States are as 
follows: Very coarse sand 2.0 to 1.0; Coarse sand 1.0 to 0.5; Medium sand 0.5 to 0.25; Fine 
sand 0.25 to 0.10; Very fine sand 0.10 to 0.05; Silt 0.05 to 0.002; Clay Less than 0.002.  


  
TEXTURE, SOIL - The relative proportions of sand, silt, and clay particles in a mass of soil.  The 


basic textural classes, in order of increasing proportion of fine particles, are sand, loamy sand, 
sandy loam, loam, silt, silt loam, sandy clay loam, clay loam, silty clay loam, sandy clay, silty 
clay, and clay.  The sand, loamy sand, and sandy loam classes may be further divided by 
specifying "coarse," "fine," or "very fine".  


  
VERY DEEP - the soil is greater than 60 inches deep over bedrock.    
  
VERY SHALLOW - the soil is less than 10 inches deep over bedrock. 
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1.1  PAST USES 
 
The patterns of settlement and associated land uses that occurred within the project and surrounding 
areas are largely related to coal development activities.  Coal was first discovered in the Wishbone 
Hill area in the late 1800’s.  Concentrated exploration efforts in search of coal by geologists with 
the Federal government began about 1904 and continued for about a decade, resulting in numerous 
survey reports and  reserve maps (Bauer and Cole 1985).  In 1916, the Geological Survey began 
issuing coal leases within defined leasing units.  Rail access into the area was completed by 1917 
and in 1923 a spur ascending Moose Creek was built to transport coal from the northwest side of 
Wishbone Hill. 
 
From 1916 through 1981, the primary land use within the Wishbone Hill project and surrounding 
areas was coal mining.  For nearly 40 years, coal  was used by the federally directed Railroad 
Commission to power steam locomotives and by the local communities for heating.  In the mid-
1950’s, when the Railroad converted to diesel fuel, the majority of the production shifted to the 
military bases near Anchorage.  After the bases converted to natural gas in 1963, coal continued to 
be mined on a small scale for local consumption. 
 
In the years following 1917, other land uses within the Wishbone Hill area were somewhat 
restricted because of the intense mining activities.  Local developments along Moose Creek as well 
as the towns of Jonesville and Sutton resulted from the coal mining activities. 
 


1.0  EXISTING AND HISTORIC LAND USES 
 


1.2  CURRENT USES 
 
The last active mining operation within the Wishbone Hill area was the Omlin mine.  This was a 
small scale surface mining operation that provided coal for local consumption.  Just prior to the 
passage of the Alaska Surface Coal Mining Control and Reclamation Act in 1983 the mine closed. 
 
Shortly after the closure of the Omlin Mine in 1982, a renewed interest in coal mining on a larger 
scale began to develop. Based on additional exploration work by several mining companies, the 
State of Alaska held a competitive coal lease sale in 1985 and issued four additional leases in the 
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Wishbone Hill area.  Although no active mining operations have resumed at this time, exploration 
work continues to be conducted on a fairly routine basis to better define the economic coal reserves 
in the area.  Coal mining permits have been secured from the State of Alaska and ongoing 
environmental evaluations continue to be conducted in preparation for future coal mining 
operations. 
 
Portions of the Wishbone Hill area are also used for commercial timber havesting, personal use and 
commercial firewood sales, and Christmas tree cutting.  These activities are regulated by the 
Division of Forestry and used to  manage the forest resources and enhance wildlife habitat.  A series 
of roads and trails were created to transport forest products from the area. 
 
In addition to mining and forest management, public lands in the Wishbone Hill area are also used 
for recreation.  Popular activities include target shooting, four-wheeling, snowmobiling, large and 
small game hunting, dog sledding, hiking, biking, and skiing.  On some of the private holdings west 
of the Wishbone Hill area, the land has been subdivided and used for either recreational summer 
cabins or residential dwellings.  Part A of this Application provides the names and addresses of the 
owners of record and includes a map depicting the locations of the private parcels of land. 
 
The primary means of public access to the Wishbone Hill area is by way of Buffalo Mine Road. 
This road was originally developed to provide access for miners and also transport coal from the 
mines located on the northwest side of Wishbone Hill.  Today the road is maintained by the State 
Department of Transportation and Public Facilities to Mile 5.1 and is used by a variety of groups 
including residents living in the area, recreationists, timber contractors, and mining and exploration 
companies. 
 
The current land uses within the Wishbone Hill mine permit area can be classified under the 
following catergories: 


• state coal lease lands covered under  a  management plan 
• undeveloped state lands covered under a  management plan 
• undeveloped state lands not included in a management plan 
• undeveloped borough lands  
• undeveloped private lands 


Plate XII-1 depicts the permit lands that pertain to each of these categories and also shows the land 
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use management plan boundaries.    With the exception of 150 acres in the northeast portion of the 
permit area and a small 8.5 acre parcel near the southern terminus of the road corridor, all the land 
within the permit area is under either state or borough control.  The 150 acres and 8.5 acre parcel 
are owned by Usibelli Coal Mine, Inc. (UCM) and have no developments or improvements.  The 
land use is similar to that of the adjacent state lands (i.e. wildlife habitat). Land use within the 
Wishbone Hill permit area has not changed since the early 1900’s when coal mining was first 
introduced. 
 


2.1 PLANNING PROCESS 


2.0  LAND CLASSIFICATION AND MANAGEMENT PLANS 
 


 
The Alaska Department of Natural Resources (ADNR) develops plans at three levels:  Statewide, 
Area, and Management.  The Statewide Natural Resources Plan develops the ADNR’s long-term 
goals and objectives for resource management.  Area plans are developed to determine the resource 
uses that will occur on public lands.  Management plans are developed to coordinate the site-
specific resource development actions.  The overall goals, objectives, and policies which are 
developed in the Statewide and Area plans provide guidance to the Management Plans. 
 
2.2  PLANS APPLICABLE TO THE WISHBONE HILL AREA 
 
In 1985, the ADNR developed the Susitna Area Plan (ADNR 1985) to designate specific land uses 
for the entire Susitna Basin.  The Wishbone Hill area was included in this Area plan.  While the 
plan was being developed, the Alaska State Legislature passed an Act in 1984 (AS 16.20) which 
created the Matanuska Valley Moose Range (MVMR).  The MVMR was established to “maintain, 
improve, and enhance moose populations and habitat and other wildlife resources of the area, and 
to perpetuate public multiple use of the area, including fishing, grazing, forest management, 
hunting, trapping, mineral and coal entry and development, and other forms of public use of public 
land not incompatible with the purposes stated" (ADNR 1986).  AS 16.20.350(b) required that the 
ADNR develop and adopt a management plan for the MVMR that reflects the concurrence of the 
Department of Fish & Game (ADF&G).   In 1986, the ADNR and ADF&G cooperatively prepared 
and published a management plan for the MVMR.  As shown on Plate XII-1,  the majority of the 
Wishbone Hill mine permit area is included in the MVMR. 
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The management plan for the MVMR is consistent with the Susitna Area Plan and provides more 
detailed management guidance by deciding where and how the resource uses will occur in the 
Range.  The plan provides guidelines for multiple use management and allows as many uses as 
possible without eliminating or unreasonably limiting other resources.  As an example, the plan 
states that an area may be leased for coal mining and while the land is not actually being developed 
for coal, the state can harvest the timber from the lease and the land can be enhanced to create 
moose browse.  Once the mining lessee begins to operate on the land, the actual mining site will be 
used for mining only, but during the reclamation of the mining site, the lessee will reclaim the land 
so as to produce wildlife habitat.  Surface resources on lands outside of the actual mining 
development area can still be utilized. 
 
Following approval and adoption of the management plan, specific policies were put into effect for 
portions of the MVMR covered by existing coal leases.  Some areas were set aside for commercial 
timber harvest and others for personal-use firewood cutting in order to promote regeneration of 
moose browse.  The plan encourages coal development within the entire MVMR and requires 
compliance with the provisions of the Alaska Surface Coal Mining Control and Reclamation Act. 
Reclamation requirements for post mining land use emphasize moose habitat enhancement and 
multiple use recreational opportunities. 
 
The Matanuska-Susitna Borough Coastal Management Plan (Mat-Su Borough 1987) also addresses 
a significant portion of the Matanuska Valley.  The plan defines issues, outlines land management 
policies, and defines areas meriting special attention.  The Wishbone Hill coal leases are outside of 
the coastal district boundaries but a very small portion of the proposed access road for the mining 
project falls within the coastal zone area of jurisdiction.  During project permitting, the southern 
portion of the proposed permit area within Section 1 of Township 18 North, Range 2 East was 
examined by the borough and found to be consistent with the policies of the Coastal Management 
Plan. 
 


Biological productivity and ecological capability are discussed in detail in Chapters VIII, IX and X. 


3.0  CONDITION, CAPABILITY AND PRODUCTIVITY OF LAND WITHIN THE         
PERMIT AREA 
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 Chapter XI characterizes the physical and chemical properties of the soil within the permit area and 
discusses soil productivity.  Moose browse productivity was measured as part of the vegetation 
baseline study program and is included in Chapter VIII.  There are no jurisdictional wetlands within 
the proposed permit area boundary. 
 
Those portions of the permit area that were disturbed by past mining activities are in an early stage 
of plant succession and provide wildlife habitat and browse for moose.  In other portions of the 
permit area, some of the timber stands are over mature and in a decadent stage.  Timber harvesting 
and firewood cutting practices in these areas have allowed the resources to be utilized and also 
created additional habitat for moose and other wildlife species.  
 
Steep topography in certain areas limits the kinds of activities that could occur; however, such 
terrain is not inconsistent with currently designated uses (e.g. wildlife habitat, general recreation, 
and mineral development).  Soil and hydrological conditions do not limit the capability of the area.  
 


4.1  PREVIOUS COAL MINING IN AND ADJACENT TO THE  PERMIT AREA 
 
Mining activities in, or immediately adjacent, to the proposed permit area began  about 1916.  Prior 
to that time the area was wilderness with light use by hunters, prospectors and other back-country 
travelers (see Chapter XIII). 
 
The Baxter Mine (see Plate XII-1) was the first mining operation in the permit area, operating in 
1917-1918 and 1921-1925.  This underground mine produced a small amount of coal from the 
Premier coal group.  Production was sledded to a branch line of the Alaska Railroad at the mouth of 
Moose Creek until a narrow gauge spur was completed to the mine in 1923.  The mine was 
abandoned in 1925 due to a lack of capital and the faulted condition of the coal bed.  Maximum 
annual production was about 3000 tons.  The workings of the mine have been removed as a result 
of subsequent surface mining through the underground workings. 
 


4.0  MAN-MADE FEATURES 
 


The Buffalo Mine, located on Moose Creek upstream from the Baxter Mine, (Plate XII-1) began 
operation in 1939 and again tapped the Premier coal series with underground workings on several 
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levels.  Heaviest mining occurred during World War II with the help of the Army between 1942 and 
1945.  Floods in 1942 damaged the railroad forcing the mine to haul coal by truck via Buffalo Mine 
Road.  The mine was closed in 1945 but reopened with new equipment in 1952.  The renovations 
were unsuccessful and work was suspended in 1953.  The Alaska Division of Mining supervised 
the reclamation of the Buffalo Mine in 1986-1987 using funds supplied by the Abandoned Mine 
Reclamation Program.  Portals were sealed, structures were burned or removed, and some areas 
were revegetated (ADNR 1984). 
 
The Premier Mine, southwest of the Baxter Mine (Plate XII-1), operated for the longest period of 
time relative to any of the other Moose Creek mines.  It began with underground development work 
in 1922 on the south side of Moose Creek and continued with a shift of operations to coal beds on 
the north side of the creek.  Workings concentrated on the No. 3 bed of the Premier coal series.   
The mine was the major producer of the district for several years.  In 1926, the narrow gauge 
railroad along Moose Creek was replaced with standard gauge track as far as the Premier Mine.  In 
1933 the lower workings became flooded and the mine was forced to close.  The property remained 
idle until World War II when it was re-opened in 1942 and 1943 and some coal was produced from 
pillars remaining above the water level.  Following another period of inactivity, the Pioneer Mining 
Company took over the operation and produced coal from the underground workings between the 
old Premier and Baxter workings on the south side of Moose creek during 1953-1955.  Limited 
surface mining also occurred above the underground workings in 1955-1957.  In the early 1960's 
Paul Omlin took over the Premier leases.  He reworked the Pioneer Mining Company’s Pioneer pit 
(see Plate XII-1)and opened two additional surface mining pits between the Premier and the Baxter 
Mines.  The Omlin operation was small, amounting to about 1000 tons per year, and continued 
operating until the early 1980's. 
 
In 1984 Hawley Resource Properties, in a joint venture with Rocky Mountain Energy (a subsidiary 
of Union Pacific Corporation), exercised an option on the Omlin leases.  As part of the lease 
transfer, a reclamation plan was developed and implemented to bring the leases into good standing 
per the Alaska Surface Coal Mining Program.  Reclamation included removal of the Omlin 
structures and equipment; grading and revegetation of the support facilities areas; and stabilization 
of high walls and spoil piles associated with the pits.  It was recognized that portions of the existing 
pits might be involved in future surface mining.   
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Although coal was produced from nine different mines in the Wishbone Hill/Sutton district, no 
more than four were ever in operation at the same time.  During the period from 1935-1940 average 
combined production was about 55,000 tons per year (Barnes and Payne 1956).  Production 
increased during and after the war to an annual average of about 162,000 tons for the 1941-1950 
period.  More than two-thirds of this production was from the Evan Jones Mine near Sutton. 
 
4.2  SURFACE AND UNDERGROUND DISTURBANCE FROM PREVIOUS MINING 
 
As described in the previous section, both underground and surface coal mining have occurred 
within and adjacent to the proposed permit area resulting in various kinds of disturbed areas 
including pits, facility yards, roads and underground workings.  Most of this activity was 
concentrated near the northern and western edges of the permit area along Moose Creek.  Surface 
disturbance features and approximate locations of underground workings are illustrated on Plate 
XII-1. 
 
The Premier, Baxter and Buffalo Mines all involved underground workings.  The Baxter Mine 
workings have been mined through by subsequent surface mining and no longer exist.  The portal to 
the Premier Mine was located on the north side of Moose Creek with workings extending under 
Moose Creek to the southeast.  In the 1930's the lower workings were flooded and presumably 
remain in that condition.  Portals were closed and surface features reclaimed for the above mines 
through reclamation programs.  Some of the pits were partially regraded to eliminate steep slopes.  
Plate XII-1 shows the extent of the remaining disturbed areas from all previous mining in the 
vicinity.  It should be noted that some of the older disturbed areas have become revegetated and 
may be difficult to differentiate from nearby undisturbed sites. 
 
4.3  STRUCTURES 
 
All structures associated with previous mining activities were removed in conjunction with  past 
reclamation programs.  Today, there are no pre-existing mining structures on the proposed permit 
area; however, several pieces of heavy machinery still remain in place at the Buffalo Mine site. 
 
There are currently 12 buildings located within roughly 1000 feet of the permit area.  As shown on 
Plate XII-1, the actual distance from the mining activities is considerably greater.  Four of the 
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buildings are situated along the Glenn Highway in the vicinity of the southern terminus of the 
proposed mine access/haul road in the SW1/4 of Section 1, Township 18 North, Range 2 East.  
According to the Matanuska Susitna Borough’s (MSB) assessment records,  the buildings are 
classified as residential frame dwellings. 
 
The other eight buildings are located west of the permit area in the NE1/4 of Section 33 and the 
NE1/4 of Section 28, Township 19 North, Range 2 East (see Plate XII-1).  These buildings are 
separated from the permit area by Tsadaka Canyon and Moose and are accessed via subdivision 
roads from the Buffalo Mine Road.  MSB assessment records indicate that six of the buildings are 
cabins, one a log home, and the other a frame dwelling. 
 
4.4  PUBLIC ROADS AND TRAILS 
 
There are four public easements located in or within 100 feet of the permit area (see Plat XII-1).  
The first easement, ADL 57529, is for Buffalo Mine Road and includes a public right-of-way 100 
feet in width.  Buffalo Mine Road was original built to provide access to the underground mines 
along Moose Creek and was latter upgraded and used to haul coal from the Buffalo Mine.  It is 
maintained by the State of Alaska up to a point near the old Premier Mine. 
 
The second easement, ADL 56975,  is a public access road that extends from the end of the Buffalo 
Mine Road right-of-way.  This easement is 60 feet in width and parallels a portion of Moose Creek 
(see Plate XII-1). 
 
ADL 52715 is the third easement and covers an access trail that extends from the Buffalo Mine 
Road eastward to the abandoned Jonesville Mine (see Plate XII-1)  This trail traverses portions of 
the permit area and  has a designated right-of-way width of 60 feet. 
 
The fourth easement was originally acquired for logging operations under ADL 218234.  This 
easement was for a 80 foot wide logging trail and included public use (see Plate XII-1). 
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4.5  UTILITIES 
 
An overhead power line crosses the  permit area in Section 34, Township 19 North, Range 2 East 
(Plate XII-1). The portion of the line in this area is covered by a state utility easement issued under 
ADL 202787.  


5.0  REFERENCES 
 
Alaska Department of Natural Resources, 1984.  Buffalo Mine, Matanuska Valley Alaska:  


Reclamation Plan and Environmental Assessment.  By: Woodward Clyde Consultants, For: 
ADNR, Division of Mining, Anchorage. 


 
Alaska Department of Natural Resources, 1985. Susitna Area Plan.  ADNR in coop. with Alaska 


Dept. of Fish and Game and Matanuska-Susitna Borough.  Anchorage, Alaska. 
 
Alaska Department of Natural Resources, 1986.  Matanuska Valley Moose Range Management 


Plan.  ADNR Division of Land and Water Management in coop. with Alaska Dept. of Fish 
and Game.  Anchorage, Alaska. 


 
Barnes, F.F. and T.G. Payne, 1956.  The Wishbone Hill District, Matanuska Coal Field, Alaska. 


U.S. Geol. Survey, Geol. Survey Bulletin 1016. 
 
Bauer, M. and V. Cole, 1985.  A History of Coal Mining in the Sutton-Chickaloon Area Prior to 


WW II. Alaska Historical Commission Studies in History No. 180. 
 
Matanuska-Susitna Borough, 1987.  Matanuska-Susitna Borough Coastal Management Plan. 


Development Services Dept., Palmer, Alaska. 
 


This chapter was prepared by Usibelli Coal Mine, Inc. 


6.0  RESPONSIBLE PARTIES 
 







 
 


  WBH 2009 Update 


 


PLATE XII-1 
LAND USE AND MAN-MADE FEATURES 









		Chap XII-Body.pdf

		Plate XII-1






  WBH 2009 Update 


CHAPTER XIII 
 
 


SUBSISTENCE USE OF RESOURCES







 XIII-i WBH 2009 Update 
 


 TABLE OF CONTENTS 
 Page 
 
1.0  INTRODUCTION ........................................................................................................................ 1 
 
2.0  AVAILABLE NATURAL RESOURCES IN THE WISHBONE HILL AREA .................. 1 
 
3.0  TRADITIONAL SUBSISTENCE USE OF THE WISHBONE HILL AREA..................... 2 
 
4.0  CURRENT USE OF NATURAL RESOURCES IN THE WISHBONE HILL AREA ...... 4 


4.1  Legal Status of Subsistence Activities ................................................................................... 4 
4.2  Current Subsistence Activities by Native Peoples Living in Chickaloon ............................. 6 
4.3  Current Resource Use in the Wishbone Hill Area


FIGURE 2 Project Area 


 ................................................................. 9 
 
5.0  CONCLUSIONS ........................................................................................................................ 10 
 
6.0  ACKNOWLEDGEMENTS ...................................................................................................... 11 
 
7.0  REFERENCES ........................................................................................................................... 11 
 
8.0  RESPONSIBLE PARTIES ....................................................................................................... 12 
 


LIST OF TABLES 
 


TABLE 1 Characteristics of Chickaloon Community 
 
TABLE 2 Chickaloon Household Resource Harvest and Use June 1982 through May 1983 
 
 


LIST OF FUGURES 
 


FIGURE 1 General Location Map 
 







 
 


 XIII-1 WBH 2009 Update 
 


 


1.0  INTRODUCTION 
 
This study summarizes the available data on the subsistence use of natural resources in the vicinity 
of a proposed surface coal mine to be located eight miles north-northeast of Palmer, Alaska (Figure 
1).  The area in question is located immediately southwest of Wishbone Hill on the north side of the 
Matanuska River (USGS 1:25,000 C-6 NW and NE Quadrangles; see Figure 2).  The proposed coal 
mine will affect, in one way or another, the surface of an area stretching from the old Premier Mine 
on the west to just beyond the old Buffalo Mine on the east, and bounded by Moose Creek on the 
north and the Glenn Highway on the south.  However, over the course of mining operations 
reclamation activities will be performed as contemporaneously as practicable with the mining 
operations, and will be designed to return the disturbed areas to their approximate premining 
condition. 
 
In the following discussion, the concept "subsistence use of natural resources" will refer to the use 
of those resources by a segment of the Alaska population within a specific legal context (see 
below), while "resource use" will refer to the general use of those natural resources by all 
individuals. 
  
2.0   AVAILABLE NATURAL RESOURCES IN THE WISHBONE HILL AREA 
 
The project area supports a mixed upland forest interspersed with parkland.  Large trees include 
birches (Betula spp.), poplars and aspens (Populus spp.) mixed with conifers, mainly spruces (Picea 
spp.).  Paper birch (Betula papyrifera) and quaking aspen (Populus tremuloides) mark the dry eskers 
and kames.  White spruce is found in dryer areas.  Ground cover consists predominantly of fireweed 
(Epilobium angustifolium), cow parsnip (Heracleum lanatum), rose (Rosa spp.) high bush cranberry 
(Viburnum edule, blueberry (Vaccinium spp.) and grasses in the parklands and mixed forest.  Well-
drained hillocks and ridges often possess smaller berry-producing plants, such as low bush 
cranberry (Vaccinium vitis-idea), bunchberry (Cornus canadensis), and crowberry (Empetrum 
nigrum).  Poorly drained zones include numerous sedges (Carix spp.), grasses (Poa spp.), and 
cotton grass (Eriophorum spp.). 
 
Alder (Alnus spp.) is usually a marker of watercourses, but this species is also an excellent indicator 
of disturbed zones. Much of the project area is covered with dense stands of alders, new growth 
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following surface disturbance from earlier mining and exploration activities.   
 
At least 134 species of birds, fourteen species of fish and twenty-eight species of mammals are 
presently known to inhabit the general vicinity (Alaska Department of Natural Resources 1986).  
The most important mammal species in the project area include moose, black bear, and some fur 
bearers; fish known to be present in Moose Creek include Chinook salmon (with an escapement of 
up to eleven hundred fish), Coho salmon (with an escapement of up to one hundred fish), Dolly 
Varden and Rainbow trout; the bird species most commonly taken for food include the three 
species of ptarmigan and spruce grouse.  Presumably all of these species would have been available 
for exploitation by the more recent prehistoric inhabitants of the area, and earlier peoples probably 
had substantially the same array of subsistence sources.  Undoubtedly the most crucial resources 
over time for Native peoples have been moose and salmon. 
  
3.0  TRADITIONAL SUBSISTENCE USE OF THE WISHBONE HILL AREA 
 
In the late nineteenth and early twentieth centuries, the upper Cook Inlet region of Alaska was 
occupied by several regional bands of Dena'ina (Tanaina) Athapaskans.  The territory around Knik 
Arm and the Matanuska River drainage was home to the K'enaht'ana regional band.  However, 
many of the places in this area have both a Dena'ina and an Ahtna name (Kari and Fall 1987: 255), 
reflecting close association between the Upper Inlet Dena'ina and the Ahtna.  Apparently, the Ahtna 
have moved the territory that they exploit west and northwest during the past 150 years, so that the 
Chickaloon and Oshetna areas, formerly Dena'ina, have been used mainly by the Ahtnas since the 
mid-nineteenth century (see Kari 1977). 
 
According to Fall (1987: 21-25): 
 


The annual cycle of the K'enaht'ana of Knik Arm and the Matanuska and Knik river 
drainages was generally like that of the Susitna River Dena'ina.  Some Knik Arm 
people traveled to the mouth of the Susitna River in spring to harvest hooligan, seal, 
and waterfowl.  Others traded with the Susitnuht'ana [lower Susitna River people] 
for hooligan at Dilhi Tunch'del'usht Beydegh 'Point Where Hooligan Are 
Transported' (Point MacKenzie).  Many K'enaht'ana moved from their winter 
villages to lower Knik Arm, including the present-day Anchorage area, in April and 
May to harvest king salmon with dip nets .... Later in the spring and summer, 
sockeye and silver salmon were available in many Knik Arm tributaries.  The Knik 
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Arm Dena'ina caught these fish in basket traps and with weirs and dip nets.  They 
stored dried salmon in caches near the winter villages. 


 
Like the other regional bands, the K'enaht'ana hunted primarily in late August and 
September.  Some Knik River and Eklutna people journeyed into the Chugach 
Mountains for sheep, bear, ground squirrels, and probably caribou. Other Knik Arm 
Dena'ina hunted caribou in the Talkeetna  Mountains.  They traded caribou meat and 
hides with the Tubughna [from the Tyonek area], receiving dried fish and marine 
mammal products in return .... Early winter, from November to January, was usually 
a period of rest in the winter villages.... People visited other communities, traded, 
told stories, and held potlatches. Hunting partners made short trips of one to several 
days for moose, bear, ptarmigan, hare, and porcupine to supplement the diet of dried 
fish, meat and oil.  Fresh fish, mostly trout, were harvested through the ice of local 
lakes.  Furbearers, such as marten, were harvested for raw materials, potlatching, 
and trade.  If food supplies ran low in January, February, or March, village groups 
sometimes dispersed to lakes in new hunting and  fishing areas. Specially trained 
dogs were used to seek out brown and black bear dens.  In April, with the 
anticipated return of waterfowl, hooligan, marine mammals, and salmon, the sparse 
season ended and the seasonal cycle began again. 


 
While both the K'enaht'ana and Ahtna probably utilized the project area and immediate 
surroundings, little information is available on specific use localities.  Kari and Fall (1987:259-60) 
list only a few place names for the area:   
 


Chidaq'atnu (K'enaht'ana); Tsidek'etna' (Ahtna) 
 'Grandmother's Place Creek' 
 
 Moose Creek, formerly called Tsadaka Creek 
 
Glenn and Abercrombie (1899:199): "Above Moose Creek on our [north] side of 
the Matanuska was an old camping place of the Matanuskas used in their journeys 
up and down the river." 
 
According to Johnny Shaginoff and Katie Wade, there are burials on both sides of 
the mouth of Moose Creek.  Some graves have washed out.  Several people died 
here during the 1918 flu epidemic. 
 
Johnny Shaginoff says a trail led up Moose Creek and over the mountains to the 
upper Kashwitna River.  The Larsons from Talkeetna used to travel this trail.   
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 Chidaq'ashla Bena 
 'Lake of Grandmother's Little Place' 
 Wishbone Lake 
 


   Chidaq'ashla 
  'Grandmother's Little Place' 
  Wishbone Hill 


 
Katie Wade says this is thought of as a dangerous area.  Many hunters have gotten 
lost here.  A giant with feet that are turned backwards is said to have lived in the 
area.   


 
  Ts'es Tuk'ilaght (K'enaht'ana ); Ts'es Tac'ilaexde (Ahtna) 
  'Where Fish Run Among Rocks' 
  Eska Creek, Sutton 


  
The Chickaloon Ahtnas did not spend much time salmon fishing.  Some salmon 
were harvested here and at a small stream now called Mile Seventeen Creek.  
Johnny Shaginoff says that the salmon are good only the first two or three days of 
the run.  In the past, people used salmon from the Eska area mainly as dog feed.  
The people in this area obtained dried salmon through trade with the   people 
downstream .... 


 
The only additional information that the 1988 survey team obtained on historic usage of the area's 
resources was the report that Katie Wade once had a seasonal camp at the mouth of Moose Creek 
(Willingham, personal communication). 
  
4.0  CURRENT USE OF NATURAL RESOURCES IN THE WISHBONE HILL AREA  
 
4.1  


 However, another possibility exists for legal subsistence use of the Wishbone Hill area.  There may 


Legal Status of Subsistence Activities 
 
According to appropriate State and Federal laws, subsistence uses are the customary and traditional 
uses of fish and game by rural Alaska residents.  The project area is wholly within Game 
Management Unit (GMU) 14A, which has been designated a non-rural area by the joint Alaska 
Boards of Fisheries and Game.  Anyone living within Game Management Unit 14A is not eligible 
for subsistence use status. 
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be individuals living outside GMU 14A in rural areas who qualify to use subsistence resources 
within the area because they have customarily and traditionally done so.  The State of Alaska has 
established criteria for determining if customary and traditional use of subsistence resources 
pertains in specific instances (Alaska Game Regulations, No. 25, p. 66): 
 


Customary and traditional subsistence uses by rural Alaska residents will be 
identified by use of the following criteria: (1) a long-term, consistent pattern of use, 
excluding interruption by circumstances beyond the user's control such as regulatory 
prohibitions;  (2) a use pattern recurring in specific seasons of each year;  (3) a use 
pattern consisting of methods and means of harvest which are characterized by 
efficiency and economy of effort and cost, and conditioned by local circumstances; 
(4) the consistent harvest and use of fish or game which is near or reasonably 
accessible from the user's residence; 5) the means of handling, preparing, preserving 
and storing fish or game which has been traditionally used by past generations, but 
not excluding recent technological advances where appropriate; (6) a use pattern 
which includes the handing down of knowledge of fishing or hunting skills, values 
and lore from generation to generation; (7) a use pattern which the hunting or 
fishing effort or the products of that effort are distributed or shared among others 
within a definable community of persons, including customary trade, barter, sharing 
and gift-giving; customary trade may include limited exchanges for cash, but does 
not include significant commercial enterprises; a community for purposes of 
subsistence uses may include specific villages or towns, with a historical 
preponderance of   subsistence users, and in addition encompasses individuals, 
families, or groups who in fact meet the criteria described in this subsection; and (8) 
a use pattern which includes reliance for subsistence purposes upon a wide diversity 
of the fish and game resources of an area, and which provides substantial economic, 
cultural, social and nutritional elements of the subsistence user's life. 


 
These criteria were applied to the hunting of moose in GMU 14A by individuals living outside the 
unit and it was determined by the Alaska Board of Game that there was no customary and 
traditional hunting of moose in GMU 14A (Fall, personal communication).  Inhabitants of the 
closest Native community outside of GMU 14A, those individuals living in the portion of 
Chickaloon located to the east of the Chickaloon River, apparently have not traditionally conducted 
extensive harvests of subsistence species as far west as Wishbone Hill, as is indicated by the 
decision of the Board. 
 
The other potential major subsistence resource is salmon, though both escapement data and 
ethnographic testimony (see above) indicate that salmon were neither particularly common in the   
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streams immediately adjacent to Wishbone Hill nor particularly desirable as human food when 
available.  In any event, there has not been a subsistence fishery in the region since 1952 when the 
federal government closed the Knik/Matanuska Rivers and all tributaries to subsistence salmon 
fishing. 
 
In conclusion, no rural community meets the eight criteria set by the Alaska Boards of Fisheries and 
Game for establishing the existence of customary and traditional subsistence use in the Wishbone 
Hill area. 
 
4.2  


Chickaloon residents were active and relatively successful in resource harvesting 
during the year covered by the study [1983].  Their per capita harvest (213 pounds) 
and mean household harvest (490 pounds) were among the highest of the 22 
communities (ranked 3rd and 4th respectively) in the study region [in and near the 
Copper River basin].  Their per capita use (218 pounds) and mean household use 
(502 pounds) of resources (ranked 6th and 9th respectively) were similar to their  


Current Subsistence Activities By Native Peoples Living In Chickaloon 
  
Chickaloon is the nearest community to the project area with Native households whose members 
can possibly partake in the subsistence harvesting.  Therefore, it might prove useful to briefly 
summarize what is known of the extent to which the inhabitants of Chickaloon practice the harvest 
of subsistence resources.  The most recent comprehensive discussion of fish and game use by the 
Chickaloon community is found in a 1983 study of twenty-two communities in the Copper River 
basin and Wrangell Mountains by Stratton and Georgette (1984) of the Subsistence Division, 
Alaska Department of Fish and Game. 
 
For the purposes of the study, the dispersed community of Chickaloon was defined as those 
households located between Miles 68 and 84 on the Glenn Highway and along the lower 
Chickaloon   River.  The Division of Subsistence researchers interviewed residents from eighteen 
of the thirty year-round households identified in the area.  The results of the interviews permit   
characterization of the community and its reliance on the consumption of fish and game (Tables 1 
and 2). 
 
 The data collected by Stratton and Georgette (1984: 45ff.) indicate that: 
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harvest suggesting that substantial quantities of resources did not enter or leave the 
community.  Moose was the major component of the mean household harvest, at 
186 pounds. 


 
One-half of the surveyed Chickaloon households harvested salmon.  Because 
salmon were not locally available, Chickaloon households harvested considerably 
less of this resource than communities along the Copper River.  Over 100 miles 
from Chickaloon, the Copper River was the   closest personal use and subsistence 
salmon fishery to Chickaloon residents, with the Kenai River personal use dipnet 
fishery second closest, approximately 220 miles distant.  It is not surprising, then, 
that those surveyed in Chickaloon frequently used rod and reel fisheries near  
Palmer and Willow.  Four households, however, harvested salmon from the Kenai 
River.  A few residents commented that their use of salmon was restricted by 
distance and by regulations that did not permit a sufficiently high bag and 
possession limit to make the drive and expense  worthwhile. Only three Chickaloon 
households reported using any Copper basin salmon.  Two of these households 
harvested salmon, one using a fishwheel in the Copper River, and the other fishing 
with rod and reel in one of the Copper River's tributaries.  All other salmon 
harvesters fished outside the Copper basin with rod and reel, except one commercial 
fisherman who used a gillnet.  Silver salmon was the most commonly harvested 
species, with eight households (44 percent) harvesting a mean of 49 pounds, or 
about eight fish.  Red salmon were taken by five households (28 percent) for a mean 
of 33 pounds, or about seven fish per household. 


 
In contrast to salmon, freshwater fish were largely harvested locally by Chickaloon 
households.  In common with the salmon harvest, rod and reel were the prevalent 
gear type.  Almost three-fourths of Chickaloon households harvested rainbow trout 
for an average of 54 pounds (about 39 fish) per household in the sample.  This 
species was taken mostly from Long Lake, Bonnie Lake,   Fish Lake, Ida Lake, and 
Chickaloon River. 


 
One-half of the households took grayling for a mean of 17 pounds (about 25 fish), 
mostly from Bonnie Lake, Sawmill Creek, and Caribou Creek. 


 
Big game hunting by Chickaloon residents concentrated on moose.  Eight 
Chickaloon households (44 percent) harvested a moose during the study period, a 
higher percent than in any other community surveyed and one approached only by 
the more remote communities near the Wrangell Mountains and the Alaska Range. 
Whereas other communities had access to big game animals such as caribou and 
sheep, Chickaloon residents almost exclusively pursued moose, the only big game 
locally available.  This possibly explains their higher level of participation and 
success in moose hunting.  Chickaloon residents generally hunted on foot or with 
horses, using the area north of the Glenn Highway between Jonesville Road and 
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Boulder Creek.  Popular drainages for hunting included Granite Creek, King River, 
Chickaloon River, and Boulder Creek, with residents seldom hunting further than 
eight miles from the highway.  Their success rate in moose hunting might also be 
related to the relatively more permissive regulations in Game Management Unit 
14A (west of the Chickaloon River) which in 1982 allowed the taking of any bull 
moose, with the provision that   antlerless moose could be taken by drawing permit 
only.  This contrasted with Unit 13 regulations that permitted only the taking of 
moose having an antler spread of at least 36 inches or three brow tines.  In addition, 
several local roads and trails in the Chickaloon area provided residents with access 
into the Talkeetna Mountains, perhaps improving their hunting success.  Road-
killed moose received by local residents might account both for the higher number 
of people using moose  than harvesting it, and the greater quantities of moose used 
than harvested. 


 
Only two households (11 percent) trapped to any extent, using areas near Sutton, 
Tahneta Pass, and Eureka Summit and in the Chickaloon River, Talkeetna River, 
and Caribou Creek drainages.  Spruce grouse were taken by slightly more than one-
half of the households (56 percent), while ptarmigan were harvested by slightly less 
than one-third (28 percent).  An average of about 18 ptarmigan and grouse was 
taken by each household. 


 
Two-thirds of Chickaloon households picked berries for a mean household harvest 
of 30 quarts, among the highest berry harvests reported in the study.  Blueberries, 
cranberries, currants, and raspberries were popular. Slightly less than one-third of 
the households collected wild plants, with mushrooms being the most commonly 
harvested plant resource. 


 
Overall, 49 percent of the mean household harvest of wild resources by Chickaloon 
households was composed of big game and 37 percent was fish.  Berries and plants 
made up eight percent of the harvest, and small game the remaining seven percent.  
Chickaloon households harvested an average of 7.4 resources, in the lower third 
among surveyed communities.  The fairly narrow range of big   game and fish 
species available locally might account for this. 


 
Like the adjacent community of Matanuska Glacier, many Chickaloon households 
engaged in raising livestock and gardens.  Several residents remarked that this was a 
more reliable source of food than fish and game. 


 
Analysis of Stratton and Georgette's data suggests that, in 1983 at least, there were very few 
households with Alaska Native members in the Chickaloon area.  While subsistence resources   
played an important role in the diet of Chickaloon families, resources from the immediate 
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Wishbone project area apparently were not an important component in their subsistence resource 
harvest pattern; indeed, there is no mention at all of harvesting subsistence resources there in 
Stratton and Georgette's study. 
 
 4.3  Current Resource Use in the Wishbone Hill Area 
     
This is not to say that the harvest of natural resources does not occur in the Wishbone Hill project 
area.  At least three other sources of data on resource harvest in the Wishbone Hill area are 
available as noted below, and analysis of other data sources, such as returned Alaska Department of 
Fish and Game moose tags, might disclose additional information. 
 
The Alaska Habitat Management Guide Reference Maps (Alaska Department of Fish and Game 
1985) for the southcentral region (Volume III) depict community use of fish, wildlife and plants in 
the project area.  Those areas shown on the pertinent map are known to have been used for 
harvesting natural resources for the 1964 through 1984 time period, and according to the map 
caption that resource use was primarily by individuals from Chickaloon.  The three resource use 
areas noted are the lower Moose Creek valley for freshwater fish, most of the Moose Creek 
drainage for furbearers, and the entire project area for moose. 
 
The Matanuska Valley Moose Range Management Plan (Alaska Department of Natural Resources 
1986:19) estimates that 500-1000 angler days effort per year are expended in fishing for Rainbow   
and Dolly Varden in Moose Creek. 
 
The third data source is field observations of evidence for resource harvest activities made during 
the course of an archaeological study of the project area between the eighth and tenth of July, 1988 
(Hall and Lobdell 1988).  Those portions of the tract with substantial spruce cover have been 
designated as wood cutting areas and there are abundant signs of this pursuit.  The  partial remains 
of a single moose were arranged in such a way as to imply that the animal was killed by a hunter 
rather than succumbing to natural causes.  And, finally, numerous shotgun   shells (.410, 20 and 16 
gauge) were recorded along roads running through the project area suggesting that bird hunting, 
probably for grouse and ptarmigan, was a common activity. 
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5.0  CONCLUSIONS 
 
Based on the available evidence, a number of conclusions are possible: 
 


1) Though moose occur in the project area, limited runs of salmon are found in Moose Creek, 
and other subsistence species may be present in the near vicinity, the project area does not 
appear to possess enough resource potential to have been the focus of intensive subsistence 
species harvest activities in the past or in more recent times. 


 
2) There is no indication in the ethnographic literature that the project area was particularly 


important to Native people for subsistence use purposes during the historic period. 
 


3) There does not appear to be any legal foundation for subsistence use today of natural 
resources by Native Alaskans living within GMU 14A, which encompasses the project area. 


 
4) Because there was no customary and traditional hunting of moose or use of other 


subsistence species in GMU 14A, subsistence use of natural resources there by Native 
Alaskans living outside GMU 14A is not permitted under current regulations. 


 
5) The few households with Alaskan Native members in Chickaloon, the nearest community 


of any size, do not appear to conduct subsistence species harvest activities as far west as 
Wishbone Hill. 


 
6) While some use of natural resources does take place today in the project area, the harvest 


appears to be neither substantial nor of particular importance to an identifiable subsistence 
resource user group. 
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