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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 



 
 

 V-8 WBH 2009 Update 
 

 

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 



 
 

 V-9 WBH 2009 Update 
 

 

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 
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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. 
 



 
 

 V-14 WBH 2009 Update 
 

 

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. 
 



 
 

 V-21 WBH 2009 Update 
 

 

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: 
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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 
 



 
 

 V-34 WBH 2009 Update 
 

 

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 

 



 
 

 V-35 WBH 2009 Update 
 

 

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

STA3

STA4



3 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

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

STA4
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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

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



Table 5 Surface Water Analytical Results

1 of 20

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



Table 5 Surface Water Analytical Results
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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).
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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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