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ABSTRACT


Although this report contains data collected on many of the bodies of water within the Spokane Indian Reservation, it focuses on Sand Creek, Benjamin Lake, Mathews Lake, McCoy Lake, and Turtle Lake.  Embeddedness and spawning gravel were the two main areas where Sand Creek did not fall under desirable threshold values.  Brook trout were found throughout Sand Creek extending well off the north boundary.  The largest brook trout sampled was 242 mm (9.5 inches).  Gravid females were observed at lengths of 134 mm (~5 inches) and spawning in small pockets of gravel.  Embeddedness decreased and substrate size increased while traveling downstream.  Fall benthic macroinvertebrates were relatively lower in the bottom reaches although the percentage of sensitive species was higher.  Flow was intermittent below the West End Road crossing although pools contained fish and remained cool.  


Water quality was measured on the four major lakes on the Spokane Indian Reservation.  Secchi depths and zooplankton was sampled to determine productivity of each lake.  These assessments were compared to Heaton et. al. (1993).  The inland lakes suffer from low dissolved oxygen levels partly attributed to the lack of fresh water entering 

Benjamin Lake was stratified until mid November with low dissolved oxygen levels in August below 3 meters.  During August, maximum temperatures in the top 3-meters ranged from 23.94 – 21.18(C.  When compared to the data taken in 1992 dissolved oxygen and pH levels were more desirable in 1999.


Mathews Lake, with a maximum depth of 6-meters, is severely limited by dissolved oxygen levels.  Dissolved oxygen levels exceeded 5 mg/l on the surface only in August, October, and February.  In August dissolved oxygen was 5.42 mg/l at the surface and 2.42 mg/l at three meters.  The first of October showed 4.89 mg/l dissolved oxygen at the surface and 4.23 mg/l at three meters.  No previous water quality data is available for Mathews Lake.  Aquatic macrophytes (primarily large sedges) continue to reduce the surface area of the lake.  


McCoy Lake showed similar characteristics between 1992 and 1999.  Temperatures in August 1999 were higher than in 1992 but increased dissolved oxygen levels were observed also.  The depth of desired dissolved oxygen levels was the same between years.  The pH has decreased from 1992 to 1999 creating preferred conditions for fish.  McCoy Lake has the highest productivity of zooplankton when compared to the other inland lakes.  Zooplankton is not limiting as a food source although it could contribute, in addition to algae, to the consumption of oxygen during decomposition and respiration.


Turtle Lake showed similar water quality values from 1992 and 1999.  Adequate oxygen levels were limited to the top three meters during the summer months.  Dissolved oxygen levels, at 3-meters, taken in February 2000 were below 5 mg/l.  A chemocline was observed at approximately 15 meters in 1992 and 1999, which is a result of incomplete mixing at turnover.


Stream temperature monitors were placed in all major streams and selected tributaries.  Upper Blue Creek was warmer than lower Blue Creek, which is most likely attributed to the water from the mine being taken from pools.  Tshimikain Creek average temperatures for June through August were 18(C in 1992.  In August of 1999 the average temperature was 16.23(C at the lower site, and 14.97(C at the upper site near Ford, WA.  Stream temperatures were not taken in June or July but temperatures are comparable to other smaller streams on the reservation. 

Benthic macroinvertebrates were collected in Blue and Tshimikain Creeks.  Blue Creek, when compared to 1992 data, showed an increase in macroinvertebrate density near the mouth although continued poor composition and diversity.  Above the Midnight Mine effluent tributary the densities were almost identical between 1992 and 1999.  The middle sample, which produced the highest densities, is being held in question because of the uncertainty of the actual sample location.  Species composition was tolerable at Tshimikain Creek, which showed the presence of benthic macroinvertebrates having relatively low tolerance to environmental stressors.  
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1.0  INTRODUCTION

1.1
OBJECTIVES


The Spokane Tribe is one of four organizations that currently make up the Joint Stock Assessment Project.  The Spokane Tribe, under this project, will compile and analyze historical habitat and fisheries data on water bodies within and near the Spokane Indian Reservation (SIR).  All current and future data collection activities on the water bodies on the SIR will be identified.  The Spokane Tribe will compile, analyze and report habitat and fisheries data collected on the streams and lakes within the SIR.  

Previous data will be compared to current data to assess general trends although this project is concerned with collecting baseline data that will assist in revealing where the needs are for conducting further studies.  Stream and lake data will be entered into the central database to allow access of managers and archiving the information.  Additional information will aid in large scale management decisions with respect to lake management, watershed analysis, and development of future management plans.  Forestry managers, environmental coordinators, and administration of the Spokane Indian Reservation will use the fisheries and riparian habitat data to implement forest practices procedures and needed applications within specific areas where desired future conditions are not being met.


This report contains only partial data on some bodies of water (i.e. temperature and macroinvertebrates).  Standard habitat and fisheries surveys are scheduled for upcoming years and will appear future annual reports.

1.2
DESCRIPTION OF STUDY AREA

The Spokane Indian Reservation is found in eastern Washington (Figure 1.1).  The borders of the Spokane Indian Reservation are Franklin D. Roosevelt Lake to the west, the Spokane River arm of Lake Roosevelt to the south, the 48( parallel to the north, and Tshimikain Creek to the west.  Although data was collected on all major streams within the reservation, the primary focus for habitat and fish data in 1999 was the Sand Creek drainage.  
Figure 1.1
Spokane Indian Reservation with basins, streams, mines, and associated landmarks.  See page 3.

Basins included:
1) Tshimikain Creek (Chamokane)

2) Little Tshimikain Creek

3) South Slopes 

4) Blue Creek

5) Sand Creek

6) Orazada Creek

7) McCoy Lake

8) Southwest Slopes (West End)

9) Enterprise Valley

10) Little Falls Reservoir

11) Spokane River Arm (Lake Roosevelt)

12) Columbia River mainstem (Lake Roosevelt)

13) Long Lake Reservoir
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The Sand Creek drainage is composed of two sub-basins, the main Sand Creek drainage and a short un-named tributary located between Sand Creek and Blue Creek.  The Sand Creek drainage encompasses 27.9 square miles with an annual runoff of 6400 acre-feet (Woodward 1973).  Woodward estimated Sand Creek to be 11 miles long from its origin on the south face of the Huckleberry Mountains (elevation 4200 feet) to its confluence with the Spokane River Arm at Lake Roosevelt (elevation 1290 feet).  Principal tributaries to Sand Creek are: Rail Creek (length = 2 miles); Owl Creek (2.5 miles); West Branch (2 miles); and East Branch (1 mile).  Habitat surveys on Sand Creek began at the reservation boundary and extended to the mouth at the Spokane River Arm of Lake Roosevelt.  Sand Creek was measured in 30 meter transects totaling 17, 250 meters (10.72 miles).  Sand Creek surveys showed that the stream is approximately 13 miles long and elevations range from 4365 to 1290 feet when Lake Roosevelt is at full pool.  Although fish composition was sampled, habitat surveys were not performed in the approximate 2 miles of Sand Creek lying to the north of the reservation boundary, which is property of a private timber company.  

Sand Creek falls are located one mile downstream of the Wellpinit-West End road crossing and approximately 1.3 miles upstream from the Spokane Arm of Lake Roosevelt.  The approximate 100-foot falls create a fish passage barrier.  Another fish barrier is near the mouth of Sand Creek due to high gradients, and low flows.  Woodward (1973) reported large-sized fish in lower Sand Creek.  It is believed that Sand Creek was stocked with brook trout in the 1940’s.

The four major lakes, McCoy, Turtle, Benjamin, and Mathews were sampled for water quality and zooplankton.  McCoy Lake is the largest inland lake on the Spokane Indian Reservation and is located near the west-end housing development.  Maximum depth of McCoy Lake is 16 meters (55 feet) and has a surface area of 37.2 acres.  McCoy Creek, the principal tributary, is an intermittent stream that begins on the south slopes of the Huckleberry Mountains and drains some agricultural land before entering the east side of the lake.  Glacial alluvial sand and gravel underlie the majority of the lake, thus there is a high potential for groundwater (Lukas 1981). Heaton et al. (1993) classified McCoy Lake as eutrophic with limited oxygen supplies and stratification occurring throughout the summer months.  Heaton also measured the metalimnion at 5-9 meters.   

Turtle Lake is located at the headwaters of Blue Creek and is accessible from the Wellpinit-West-End highway.  Turtle, with a surface area of 11.7 acres, has a maximum depth of 18 meters (65 feet) (Woodward 1973).  Heaton et al. (1993) found that the lake is also eutrophic, stratified, and limited by: anoxia in the hypolimnion, and temperature as well as dissolved oxygen in the epilimnion.   The thermocline was observed from 6 to 9 meters during the summer of 1992.  Heaton et al. (1993) also showed that oxygen did not reach the bottom sediments during fall or spring turnover possibly causing a chemocline.  

Benjamin and Mathews Lake are located within the South Slopes Basin.  Woodward (1973) reported that Benjamin Lake had a surface area of 22.7 acres and a maximum depth of 10 meters (35 feet).  Heaton et al. (1993) performed the same baseline water quality survey on Benjamin as done on Turtle and McCoy Lake.  Benjamin Lake stratifies and experiences hypolimnetic anoxia by July.  The metalimnion throughout the summer of 1992 was at a depth of 3-6 meters.

Mathews Lake has a maximum depth of 6 meters (20 feet), surface area of 2.7 acres, with 18.3 acres of surrounding marsh (Woodward 1973).  There is only one point of access found along the west shore.  No previous water quality data is available for Mathews Lake.  

1.3
HISTORICAL DATA
The inland lakes on the Spokane Indian Reservation have had minimal information collected on their fisheries and ecological attributes.  Woodward (1973) prepared bathymetric maps of the four major lakes.  Heaton et al. (1993) surveyed Turtle, McCoy, and Benjamin Lakes to collect baseline water quality parameters.  The inland lakes have been stocked, from the Ford Fish Hatchery and the Spokane Tribal Hatchery, with rainbow, brown and brook trout, as well as kokanee salmon as early as 1963.  Doughtie et al. (1993) was an annotated bibliography of information that summarized all previous studies performed on the streams, basins, and lakes within the Spokane Indian Reservation boundaries.  

Blue Creek has been studied extensively to assess the impacts of the Midnight Mine.  Numerous reports, as early as 1973 (Woodward), and as late as 1989 (Nichols and Scholz) have addressed heavy metals, macroinvertebrate communities, fish populations, bio-accumulation of toxic substances in fish and insects, and determination of habitat availability using the Instream Flow Incremental Methodology (IFIM).  Fisheries surveys conducted in Blue Creek in 1985 to 1987 and in 1991 showed that 99% of the relative abundance was rainbow trout (Scholz et al. 1988; Peone et al. 1993).  Fish habitat improvement structures were built in 1992 following the 1991 habitat mapping (Peone et al. 1993)

Tshimikain (Chamokane) Creek, using IFIM, was evaluated to determine the minimum instream flow to protect existing fish and macroinvertebrate populations.  Seven separate projects on Tshimikain Creek were completed as part of the IFIM project.  Basin morphology and water supplies were evaluated by Buchanan et al. (1988).  Barber et al. 1988 completed an instream flow analysis to determine habitat availability for selected fish species under various flow regimes and predict the effects of water removal on this habitat.  Fisheries productivity was determined from fish population estimates (Scholz et al. 1988).  Growth rates of brown trout and rainbow trout were determined by Uehara et al. (1988).  Diet analysis of brown trout and rainbow trout was conducted to determine important prey items and food resource availability (Geist et al. 1988).  O’Laughlin et al. (1988) conducted a water chemistry study to assess water quality of Tshimikain Creek.  Flow and temperature were determined to be the limiting factors affecting fish species and macroinvertebrates.  Minimum monthly instream flow of 27.7 CFS was recommended based on historical flow regimes and effective habitat time series.  Navarre (1974) studied the factors affecting trout production and recommended a minimum flow of 30 CFS.  A summary of the reports and their recommendations is found in Doughtie et al. (1993).

Woodward (1973) surveyed the streams on the reservation identifying water supplies and possible water retention dam sites.  Currently, by EPA contract, flow and water quality data are collected quarterly on Orzada, McCoy, Castle Rock, Blue, Little Tshimikain, Tshimikain, and Sand Creek.  

2.0  METHODS

2.1
STREAM HABITAT SURVEY

The stream survey methodology was adopted from the Kalispel Natural Resource Department (internal document).  This methodology is similar to that developed by Al Epinosa (1988), former fisheries biologist for the Clearwater National Forest and revised by Huntington and Murphy (1995).  In 1999 the protocol included U.S. Forest Service large woody debris greater than 12 inches in diameter and at least 30 feet long.  Thirty meter transects were used to assess habitat variables while walking downstream.   Spawning gravel, large woody debris, and primary pools were recorded throughout each transect.  Additionally; wetted widths, depths, substrate, embeddedness, bank stability, bank cover, instream cover, right and left bank potential debris, dominant vegetative community type, and subdominant community type were recorded.  Habitat type (e.g. pool, riffle, run, etc) was also recorded at each transect and could include more than one type at each transect.  Percent gradient was recorded using a clinometer.  Gradients were taken as often as possible where visibility and distance made it possible to see flagging.  

Bankfull widths and depths were randomly taken 1-3 times per reach.  Air and stream temperature were taken daily.  Thirty-meter transects were measured using a hip-chain and all other measurements were made using a metered pole.  Reach breaks were marked using a handheld GPS (Magellan 2000 XL), aluminum labels, and nylon flagging.  Pictures were taken at representative sites for each reach, at sites of mass wasting, and other areas of concern.  Utilizing USGS approved standard methodology; stream flow in cubic feet per second (cfs) was measured at a downstream area or at the confluence.  

Spawning gravel area was estimated for size and quality.  Good quality spawning gravel was gravel that: 1) was located within close proximity to cover and resting pools; 2) spawning gravels were free of excessive sand and fine sediments and; 3) current velocities were between 0.5 and 2.0 feet/second.  Spawning gravel that met two of the three criteria was rated as “fair”.  If only one criterion was met, the gravel was given a “poor” rating.  

Two types of large woody debris were counted while walking downstream.  Large woody debris included debris that was > 10cm in diameter and > 1 meter long and debris that was > 12 inches in diameter and greater than 35 feet long.  Debris > 12 inches was automatically included in the count of debris > 10cm.  

Potential woody debris was recorded at each 30 meter transect.  Potential debris was counted as those trees with a 12-inch diameter at breast height that could potentially fall into the stream channel.  Debris was recorded separately for each bank and displayed in Table 3.2.  Although some trees could have fallen in more than one transect, they were only recorded once.  

Primary pools were recorded and measured between each transect.  Primary pools were described as pools where the length or width was equal to or greater than the average stream width.  In addition, maximum depth was greater than twice the tailout depth.  Maximum depth, tailout depth, and length were recorded for each primary pool.  Pool size, depth, cover, and formation were classified in the case where transects bisected a primary pool.  

At each transect wetted width was measured in addition to three depths taken at quarter widths.  Habitat was classified as pool, riffle, run, pocket water, alcove, or glide.  Habitat classification within a transect could consist of more than one type.  Seasonal and functional habitat type(s) were then identified by the following criteria; winter, summer, spawning, or non-usable.   When a pool was identified as the habitat type, the entire pool was considered in estimating pool quality.   Pool quality is based on size, instream cover, and depth.  The physical object or characteristics responsible for pool presence were recorded.  

Channel type was evaluated and rated based on stream gradient, predominant substrate size, entrenchment, and sinuosity.  Channel type classification was used from Rosgen (1996), although the substrate classification used by Rosgen varied from that of this survey.  Rosgen classified particles ranging from 10 to 20 inches as “small boulders”, 2.5 to 10 inches as “cobble”, and .08 to 2.5 inches as gravel.  

Bank stability was expressed as the percent stable banks at each transect.  The percent stability is estimated by evaluating both banks for 15m upstream and downstream of each transect.  Parameters considered in bank stability are substrate, undercut banks, debris jams, vegetation cover, type, and condition.

Dominant substrate for each habitat type was estimated visually.  Substrate estimates are made for each substrate type when substrate type change substantially within a single habitat type.  A description of substrate types as found in Epinosa (1988) are:

Table
2.1
Substrate classifications according to Epinosa (1988).
Organic debris: 
 undecomposed sticks, leaves, logs, or other woody and herbaceous material

Muck: 


decomposed organic material, usually black in color

Silt: 


 fine sediments with little grittiness

Sand: 


< 0.25 inches in diameter

Small Gravel: 
 
0.25 – 1 inches

Coarse Gravel: 
1 – 3 inches

Cobble: 

3 – 6 inches

Rubble:  

6 – 12 inches

Boulders: 

> 12 inches

Bedrock:

 large masses of solid rock

2.2
RELATIVE FISHERIES ABUNDANCE

Within each reach delineated during the habitat survey, one site was randomly selected to collect relative fisheries abundance.  Snorkel surveys or a backpack electroshocker were used to sample and classify fish species and age classes.  The snorkel survey began downstream and extended 30 meters (minimum) upstream.  The beginning point and ending point were selected as not to bisect pool habitat.  Fish species and approximate length was recorded for each observed fish. Habitat lengths, widths, and depths were taken to relate fish presence and abundance with relative habitats.

Backpack electroshocking was used in some reaches due to observations of fish hiding behavior and the lack of water to effectively snorkel riffle habitats.  Electrofishing was accomplished using a Smith Root model VII backpack electroshocker.  Thirty-meter minimum transects were sampled including all major habitat types.  Sites (2, and 9) were shocked using the depletion method.  A minimum of two passes was made at each sample site and all captured fish were removed.  The backpack shocker operator was constant between passes to minimize operator bias.  All shocked fish were netted and kept separate between consecutive passes.  In the smaller headwater area (average width 1.2m) one thorough pass was used and fish were classified into size groups.  This method was used because of low flows, observance of only one species, and the ability to place them in size classes without handling the fish.  Different methods of sampling were used based on flow, accessibility, cover, and fish species present.  

Fish data, along with habitat data was entered into the JSAP database.  Area sampled and fish per 100m2 was calculated.  Total sampled by reach, areas, and number observed by 100m2 is displayed in Table 3.4.  Data from sites 2 and 9 was calculated separately using depletion sampling software. Population estimates with upper and lower confidence intervals were calculated and used to compare the different methods of density calculations.  


The following size/age classes for salmonid species are determined according to Clearwater National Forest guidelines (Epinosa 1988).  These size classifications are general guidelines and were not compared to actual ages of fish sampled on the Spokane Indian Reservation.

Table 2.2
Size/age classifications for certain species of fish according to Epinosa (1988).

Species



Group


Size Range

Rainbow Trout


age 0+


< 65 mm FL

Cutthroat Trout


age 1+


65-110 mm FL





age 2+


111-150 mm FL





age 3+


151-200 mm FL





age 4+


201-305 mm FL





BIG


> 305 mm FL

Bull Trout



age 0+


< 65 mm FL

Brown Trout


age 1+


65-115 mm FL

Brook Trout


age 2+


116-165 mm FL





age 3+


166-210 mm FL





age 4+


211-305 mm FL





BIG


> 305 mm FL

Sculpin:  Record total number of sculpin; by species if possible.

Sucker:  Record total number of suckers; by species if possible.
Table 2.3
Threshold values, after Hunter 1991; MacDonald 1991; Overton et al. 1995, are displayed below.  Threshold values are used to determine which reaches do not meet the basic level of habitat quality to support fish populations.

	Limiting Factors
	Threshold Value

	Embeddedness
	Any value > 30% or < 70%

	Bank Stability
	Any value < 75%

	Pool/Riffle Ratio
	Any value < .5:1 or >1.5:1

	Spawning Gravel
	Three lowest cumulative values

	Primary Pools
	Any value < 10.5/km


2.3
STREAM TEMPERATURES

Optic StowAway Temp data loggers were placed in all major streams on the reservation in order to obtain current temperature regimes.  Loggers were placed in the streams based on flow, location, and possible mine effluent effects.  Temperature loggers were placed in the streams July 30, 1999 and removed by October 21, 1999.   Maximum, minimum, and average temperatures were calculated for each month.  Overall maximums and minimums were calculated with their corresponding date. Relative air temperatures were collected from the forestry weather station at Wellpinit, WA.  Maximum and minimum daily temperatures were used to calculate maximum and minimum monthly values as well as averages. (Table 3.9).  

2.4
BENTHIC MACROINVERTEBRATES

Macroinvertebrates were collected to assess stream productivity and limiting factors such as sediment loading, and perturbation.  Species diversity, an indicator of stream health, was recorded at the “family” level.  Three sites; lower, middle, and upper, were selected in Sand and Blue Creek.  The upper and middle sites on Blue Creek were intended to be above and below the Midnight Mine wastewater treatment tributary respectively.  The exact location of the middle site has not been identified and should not be compared to previous data.  Year 2000 data should reflect the location of the middle sample taken in 1999.  In this report, the site in question will be labeled as middle Blue Creek.  Lower Sand Creek was sampled above the Wellpinit-WestEnd Road.  The middle Sand Creek site was above the confluence of Owl Creek and above the newly reopened road crossing Sand Creek.  The upper sample site was within reach two of the habitat survey.  Sample sites on Tshimikain Creek were above the lower most road crossing and at Ford below the bridge.

Sampling was performed using a 35 cm diameter Hess Sampler with a 300(m mesh purse, which samples 0.1 m2.  All collected material was preserved in 70% ethanol for further enumeration and identification.  Two samples were taken from riffle habitat at each site.

Preserved Hess samples were split, using a Motodo 1.5 liter plankton splitter, to enumerable levels if required and identified to “family”.  At least 200 organisms were counted if the sample was split, and complete counts were made of samples consisting of less than 200 organisms.   Total organisms in each order were recorded and extrapolated to total number per square meter.  The average between the two Hess samples was calculated as well as percentages of Ephemeroptera, Plecoptera, and Trichoptera (EPT’s) and Diptera.  Tables 3.7, 3.10, and 3.12, contain summarized benthic macroinvertebrate information for the streams sampled.  Organisms were identified to the “family” taxonomic level using keys by Merritt and Cummings (1996) and archived collections.  

Merritt and Cummins (1996) identified the usual range of precision (D) in benthic studies is 0.10 – 0.40.  Precision, the standard error expressed as a proportion, was calculated for the streams sampled.  All samples, except mid and lower Sand Creek (0.62 and 0.51 respectively), were well within the desired range. 

Barbour, M. T. et. al. (1999) published tolerance values for selected species of macroinvertebrates which were compared to those organisms found in the stream surveys. Tolerance values ranged from 0-10, 10 being the most resistant to perturbation and 0 being the least resistant to perturbation.  Perturbations are classified as being chemical, sedimentation/embeddedness, temperature, or other external factors.  Barbour (1999) listed tolerance values by species as well as by family taxon levels.  Tolerance values at the family level were based upon the average of tolerance values at the species level.  Therefore organisms were only identified to the family level and archived.  DeShon 1995, Barbour et al. 1996b, Fore et al. 1996, R.W. Plotnikoff 1994, and Smith et al. 1997, showed that assemblages of macroinvertebrates could be directly related to perturbation in streams.  Percentages of Ephemeroptera, Plecoptera, and Trichoptera are metrics used by EPA and the State of Washington in rapid bioassessment protocols as indicators of perturbation.  Likewise, percent Diptera is used as an indicator of relative perturbation levels.

2.5
INLAND LAKE WATER QUALITY

Water quality data was collected at McCoy, Turtle, Benjamin, and Mathews Lakes.  Monthly surveys were taken to assess limiting factors and available fish habitat on the inland lakes.  Samples were taken at the estimated maximum depth to gain a profile for the entire lake.  A Hydrolab Surveyor 4 was used to collect depth, temperature, percent dissolved oxygen, dissolved oxygen, conductivity, turbidity, total dissolved gases, pH, oxidation-reduction potential, and total dissolved solids.  Hydrolab measurements were taken at 3-meter intervals from the surface to a depth of 15-meters or the bottom of the lake (which ever was shallower).  At each location general weather conditions were recorded, transparency was measured using a Secchi disk, and the depth of the euphotic zone was calculated by multiplying Secchi depth by 2.5 (Wetzel, 1983).  Samples were taken once a month in August, September, October, November, and February.  Due to conditions limiting access, no samples were taken for the months of December, and January.  

2.6
ZOOPLANKTON

Zooplankton was collected at the four inland lakes using a Wisconsin vertical tow plankton net with 80 (m silk mesh and a radius of 10 cm.  Triplicate tows were made from 5 meters depth to the surface at each lake.  Samples were taken monthly from August through November.  Zooplankton collected from each tow were rinsed into a 63 (m mesh screen and submersed in 95% ethanol to ensure maximum egg retention.  Organisms were then rinsed into a 60 ml sample bottle with 70% ethanol for preservation and further analysis.  

Sorting, counting and identification to species or lowest practical taxon was completed in the laboratory using taxonomic keys by Brooks (1957), Edmondson (1959), Pennak (1989), Thorp and Covitch (1991) and Ruttner and Kolisko (1974).  Samples were split, using a Motodo 1.5 liter plankton splitter, to a level where approximately 100 organisms of the most prevalent species were remaining in the sample.  A Leica MZ-8 compound microscope fitted with an optical micrometer was used to identify zooplankton.  Zooplankton lengths were taken from the first 20 organisms of each species after which organisms were simply counted.  Lengths for Branchiopoda (i.e. Daphnia and “other Cladocera”) were taken from the anterior most region of the head to the posterior base of the carapace while organism lengths for copepod taxa were taken from the anterior most region of the head to the base of the caudal ramus.

Zooplankton density and biomass were calculated for each tow.  The volume of water sampled by the plankton net was calculated using the equation:

V = (r2h

Where:

V = volume of water sampled (liters)

( = pi (3.14)

r = radius of the sample net (cm)

h = depth of the sample (m)

The number of zooplankton per cubic meter of water sampled was calculated by the equation:

D = ((TC*SF)/V)*1000



Where:

D = density of organisms

TC = the total number of organisms measured and counted

SF = the analyzed split fraction of the original sample

V = the volume of water sampled (liters)

Biomass of predominant zooplankton taxa was determined using the length to dry weight regressions by species as determined by Dumont et al. (1976), Bottrel et al. (1976) and summarized by Downing and Rigler (1984; Table 2.1)

Zooplankton densities and biomass were calculated for each individual tow and the results of the three tows were averaged to arrive at a single location density and biomass value.  The dry weight estimates for each observed zooplankton species were calculated using the equation:





W = ea +b ln (L)
Where:

w = dry weight estimate ((g) for each species

a = the slope intercept constant for each species

b = the slope constant of the regression  line by species

L = length measurement ((m) for each individual

Taxonomically related zooplankton species were grouped into the following categories:  Daphnia pulex, and Daphnia rosea were grouped as “Daphnia sp.”, while Alona quadrangularis, Bosmina longirostris, Ceriodaphnia reticulata, and Diaphanosoma brachyurum were grouped as “other Cladocera”.  Leptodiaptomus ashlandi, Diacyclops bicuspidatus thomasi, Mesocyclops edax, Epischura nevadensis, Harpacticoid sp. and juvenile copepods (Calanoid/Cyclopoid copepodids and nauplii) were grouped as “Copepod sp.”  Daphnia sp. and “other Cladocera” were examined separately due to their differing importance in the diets of both kokanee salmon and rainbow trout (Underwood et al. 1996 and 1997; Griffith and Scholz 1991)


Hrbacek (1962) and Brooks and Dodson (1965) first suggested that planktonic herbivores show competitive superiority of large-bodied species.  Small-bodied zooplankton are more abundant in the presence of planktivorous fish because they are less vulnerable to visually oriented predators (Kerfoot and Sih 1987; Gilwicz and Pizanowska 1989).  In the absence of planktivorous fish, large-bodied species dominate due to more efficient feeding abilities (Hall et al. 1976).  Size classifications of zooplankton are: large > 2.0 mm, medium 1.0 – 2.0 mm, and small < 1.0 mm.

Table 2.4
Slope (b) and intercept (ln a) values used to estimate dry weights for 1998 Lake Roosevelt zooplankton samples.

ZOOPLANKTON SPECIES

ln a


b                                            

CLADOCERA

  Daphnia schodleria



2.30


3.10

  Daphnia pulexa



1.59


2.77

  Daphnia retrocurvaa


1.432


3.129

  Daphnia galeata mendotaea


1.51


2.56

  Daphnia thorataa



1.51


2.56

  Juvenile Daphniab



2.45


2.67

  Ceriodaphnia quadrangulara

2.562


3.338

  Bosmina longirostrisa


3.28


3.13

  Sida crystalinaa



2.053


2.189

  Alona quadrangularisa


2.871


3.079

  Diaphanosoma brachyruma


1.624


3.046

  Diaphanosoma birgeia


1.624


3.046

  Leptodora kindtiia



-0.822


2.67

  Polyphemus pediculusa


2.779


2.152

  Chydorus sphaericusa


4.543


3.636

COPEPODA

  Epischura nevadensisc


0.007


2.33

  Leptodiaptomus ashlandic


0.007


2.33

  Diacyclops bicuspidatus thomasic

1.10


2.59

  Mesocyclops edaxc



1.10


2.59

  Harpacticoid spp.c



12.51


4.40

  Calanoid/cyclopoid copepodidsc

1.10


1.89

  Calanoid/cyclopoid naupliic

1.10


1.89
References:  a = Downing and Rigler, 1984;  b = Bottrel, 1976 and  c = Dumont, 1975.

3.0  RESULTS AND DISCUSSION

3.1
SAND CREEK

3.1a
Stream Habitat Survey


Sand Creek reaches, fish sample sites, and location of temperature monitors are displayed in Figures 3.2, 3.3, and 3.5.  Habitat surveys began on Sand Creek at the reservation boundary on August 20th.  Based on flows and topography it is expected that there will be a minimum of one reach to the north of the reservation boundary.  Failed beaver dams were observed to the north of the reservation boundary, where the valley is wider.  Gullies and cut-banks are common as the stream cuts through the historic dams and through deep topsoil depositions.  Much of the channel, where large gravel is the dominant substrate type, is shallowly entrenched.  Up to 5-foot unstable banks, void of vegetation are common in this area as well as flows over clay/sediment.


Reach 2 begins at the reservation boundary on the 48(parallel and extends down 1,980 meters to the upstream end of the culvert under tribal road #48.  A total of 66 transects were made in this A-4 channel type.  In reach 2 there was mass wasting into the stream because of the failure of the lower road banks.  The road on the right bank, looking downstream, is not in use and has small trees growing in it.  The road used in this area is parallel to the channel on the left bank.  There were numerous deposition bars, although stream stability was 78.5%.  Much of this reach had thick timber on both sides of the channel, except for the lower section where the roads encroached upon the riparian area.  This reach was above the Sand Creek average for acting large woody debris (USFS LWD) and potential woody debris.  Alder was 59% of the dominant riparian community and grand fir made up 19.7%.  Forbs/grasses was the subdominant community type followed by mixed shrubs.  Table 3.2 contains the summary for this reach.


Reach 3, beginning below the culvert at road #48 crossing, was 1,470 meters long.  Average gradient was 6.7% and gravel was 38.5% of the substrate, which classifies this reach as an A-4 channel type.  Four mass wasting areas were identified within this reach.  Alder made up 61.2% of the dominant riparian community followed by 12.2% mixed shrubs. For further information on this reach, refer to Table 3.2.


Reach 4 was 1,590 meters long, an average gradient of 4.4%, and a pool/riffle ratio that was near the lower limit of threshold value.  Channel type was an A-4 although some areas resembled a B-4 channel type.  Sinuosity was higher in this reach and upland vegetation types were prevalent on the stream banks.  Banks were less than 75% stable, and many of them were greater than three feet of exposed sand and gravels.  There were numerous high water gravel bars with 3-inch dominant gravel size.  Although there were numerous pools, approximately 75% of the surface area was shallow tail-out.  Potential large woody debris, 2.5 trees/100m on the left bank and 2.6 trees/100m on the right bank, was the lowest of any reach in Sand Creek.  The dominant riparian community was alder and subdominant was split between forbs/grasses, and mixed shrubs.


Reach 5 was 2,160 meters long that ended just above the confluence of Owl Creek.  Similar to reach 4, this reach resembled a B-4 based on gradient and sinuosity but the overall mean gradient was 4.2 that classify it as an A-4 channel type.  Substrate was predominately cobble at 34.3% and gravels made up 29.7%.  This reach of stream was borderline A-3 explained by the high percentage of large particulates.  Instream and bank cover improved from reach 4 to a 4.0 and a 4.9.  There were sections in this reach with numerous large boulders.  As in reach 4, upland vegetation (ninebark and syringa) made up the majority of the stream bank vegetation.  Alder was 70.8% the dominant riparian community, and mixed shrubs were 58.3% of the subdominant.  Banks were more stable than reach 4 with fewer exposed cut banks.  There were old roads in the valley bottom which are revegetated.


Reach 6 was 1,920 meters long beginning below Owl Creek, and ending at the confluence of Rail Creek.  The gradient stayed at 4%, which combined with the cobble as the dominant substrate, classified the channel type as an A-3.  Eight dead brook trout were observed in this reach, of which 7 were found in the same pool.  Lengths of the dead brook trout ranged from 80 to 160 mm.  The valley begins to narrow throughout the reach.  Roads that are near the valley bottom on the right bank are only used occasionally.  


Reach 7, a 1,590 meter A-3 channel, had the lowest pool quality rating of any reach in Sand Creek.  Residual pool depth of 23.1 cm was similar to that found in reaches 2 and 3.  The fewest number of pools were recorded in this reach (pool/riffle ratio 0.5:1), which is at the lower most threshold value.  Douglas Fir was 64% of the dominant riparian community type and alder was 58.5% of the subdominant.  Syringa and ninebark made up the majority of the 32% subdominant riparian community type.  


Reach 8, a 1,920 meter A-3 channel showed a gradual increase from reach 7 of the pool/riffle ratio, pool quality, and mean residual pool depth.  The dominant riparian community type was 62.5% Douglas Fir and 26.6% mixed conifers.  Alder and mixed shrubs made up the majority of subdominant riparian types.


Reach 9, a 1,590 meter A-3 channel, showed continued increase in substrate size and decreased mean embeddedness.  Mean embeddedness was 41.7% as cobble, rubble, and boulders were recorded as the dominant substrate types.  Pool/riffle ratio was 1.1:1 which was the highest value in Sand Creek.  This reach showed a sharp increase in acting LWD and USFS LWD compared to reaches upstream and downstream.  Dominant riparian types continued to be conifers although mixed shrubs made up the majority of the subdominant composition.  Willows were identified within this reach as a subdominant riparian community contributor.  There was a noticeable decrease in flows throughout reach 9.  It is at the end of this reach and the beginning of the next reach that instream flows were measured.


Reach 10, a 1,620 meter A-3 channel, showed continued decrease in embeddedness and increased substrate size.  Boulders, at 31.5%, became the dominant substrate, rubble and cobble combined for 39.5%, and bedrock made up 13.5%.  Ten of 54 transects found no water in the channel.  Although subsurface flows limited movement of fish, temperatures on the 22nd of September were recorded as 5.5(C at 11:00am.  The culvert under the Wellpinit WestEnd Highway is close to grade although it’s length may not be conducive to fish passage.  Upland banks were sandy and unstable with little cover.  The riparian community type was similar to reach 9 although willow made up 13.2% of the dominant and 11.5% of the subdominant.  Mixed shrubs, identified as ninebark and syringa, made up 56% of the subdominant community type.  This reach ended at the top of the Sand Creek falls.  These falls are approximately 100 feet tall and are a fish passage barrier.  This reach flowed through a relatively wide valley type although it became very narrow close to the falls.
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Upper Sand Creek; reaches 2 through 5
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Middle Sand Creek; reaches 5 through 8.

 




Reach 11 extends from the falls to the confluence with the Spokane Arm of Lake Roosevelt.  Reach 11 was 1,410 meters long and had the lowest mean embeddedness percentage in Sand Creek of 34.9%.  Acting and USFS LWD was the lowest of all reaches in Sand Creek.  Pool/riffle ratio was 0.9:1 although pools were observed dewatered.  The pools, based on size, depth, and cover, were of the highest quality immediately below the falls although average overall pool quality was 6.2 out of a possible 9.  Mass wasting of upper and lower stream banks was common attributed to the sandy soil type.  Horizontal clay layers were observed in many of the banks and within the channel.  Thirteen of 47 transects were dewatered.  A 17% gradient was taken at transect #46 and low over-bedrock flows inhibit fish passage from the reservoir in months of low flow.  Channel type was an A-3 although the dominant substrate was rubble at 35.4%.  Rubble (6-12 inches) and cobble (3-6 inches) made up a total of 69% of the total substrate.  Bankfull width/depth ratio was 14.4 in this reach due to the high runoff flows.  Ponderosa pine was the dominant riparian type and mixed shrubs were the subdominant (27.7% and 62.8% respectively). 


Summarized stream reaches of Sand Creeks are displayed in Table 3.2.  A cumulative summary of Sand Creek is displayed in Table 3.3.  Refer to Table 3.3 for the dominant and subdominant riparian community type breakdown.  Figure 3.4 is a graph of bankfull width/depth ratios.

Pools are critical habitat during the summer and fall months (Figure 3.7).  Reach 9 had the highest pool/riffle ratio and subsequently the highest amount of large woody debris (> 12 inches).  There was a direct correlation between higher fish densities and number of primary pools.  Reaches 1 through 3 had the highest densities of fish.  Reaches 2 and 3 had 31 primary pools per kilometer.  The substrate in the upper three reaches was gravel with some cobble.  Reach 5 shifted to equal amounts of gravel and cobble.  Cobble was dominant in reaches 6 through 8 and shifting to equal amounts of cobble and boulders in reach 9.  Reach 10 was classified as boulders with some cobble.  Reach 11 had equal amounts of rubble and cobble.  Reaches 4 through 6 had relatively low potential for large woody debris recruitment to the stream.  This is partly due to the width of the valley as well as past logging practices.  Most pools were created by large woody debris in reaches 2 through 5.  Pools in reach 6 were created by large woody debris and bedrock/boulders in equal amounts.  Pools in reaches 7 through 11 were created by bedrock/boulders.  Embeddedness generally decreased and bank stability increased from the upper reaches to the lower reaches.  

Flows in Sand Creek and its tributaries were measured throughout 1999.  Peak flows, taken at the Wellpinit West End road crossing (SC#1), were 71.7 CFS.  By the 24th of August, flows had diminished to 0.9 CFS and ultimately lost all flow by the 28th of September continuing through the 27th of October.  Flows were also taken at the BIA road #48 crossing; at the reach break between 2 and 3.  No flows were collected for the months of January through March.  Flows at this upper site were 16.4 CFS in May and dropped to below 0.5 CFS by July 30th and remained below this level through the 9th of December.  The lowest flow of 0.1 CFS was recorded the 27th of October.  


Rail Creek flowed the entire year reaching a maximum of 1.8 CFS in March and dropping to 0.05 CFS in September.  Average flow for Rail Creek in 1999 was 0.45 CFS.  Maximum flow in Owl Creek was 9.3 CFS in March and dropped to a low of 0.05 CFS by July 30th.

Figure 3.4
Sand Creek Bankfull Width/Depth Ratios in 1999.
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Lower Sand Creek; reaches 9 through 11

 


Table 3.2
Sand Creek Habitat Summary by Reach in 1999.

	Reach
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Length (m)
	1980
	1470
	1590
	2160
	1920
	1590
	1920
	1590
	1620
	1410

	Embed (%)
	65.4
	67.6
	67.9
	72.5
	66.7
	51.7
	48.2
	41.7
	35.2
	34.9

	Pool-Riffle Ratio
	.7 : 1
	.8 : 1
	.5 : 1
	.7 : 1
	.8 : 1
	.5 : 1
	.6 : 1
	1.1 : 1
	.8 : 1
	.9 : 1

	LWD (#/100m)
	23.7
	18.4
	12.5
	10.2
	6.8
	5.7
	8.2
	11.6
	4.7
	3.8

	USFS LWD (#/Mile)
	39.6
	30.5
	20.1
	22.2
	29.2
	18.1
	30.8
	55.3
	8.9
	15.9

	Primary Pools (#/km)
	30.8
	30.6
	30.8
	25.5
	25.5
	21.4
	22.4
	25.8
	19.8
	19.9

	Bank Stability (%)
	78.5
	78
	73.7
	79.1
	79.3
	84.3
	83.4
	81.7
	84.7
	74

	Spring spawning gravel (m2)
	2.5
	4.5
	5
	1
	
	
	3.5
	3.5
	
	0.5

	Fall spawning gravel (m2)
	2
	1.5
	4
	2.5
	0.5
	
	1
	
	
	

	Avg stream width (m)
	1.4
	1.5
	1.6
	2.4
	2.2
	2.5
	2.3
	2.1
	1.7
	1.4

	Avg stream depth (cm)
	8.6
	8.7
	9.2
	11.1
	11
	10.5
	10.8
	10.2
	10
	8.7

	Avg gradient (%)
	7.2
	6.7
	4.4
	4.2
	4
	4.9
	5
	5.8
	5.8
	5.5

	
	
	
	
	
	
	
	
	
	
	

	Pool Formation (%)
	
	
	
	
	
	
	
	
	
	

	Beaver Dam
	
	5.6
	
	
	
	
	
	
	
	

	Bedrock/Boulder
	36.8
	22.2
	6.3
	17.4
	38.1
	76.9
	68.4
	80
	85.7
	40

	Enhancement
	
	
	
	
	
	
	
	
	
	

	Large Woody Debris
	52.6
	72.2
	62.5
	56.5
	38.1
	15.4
	21.1
	20
	7.1
	30

	Meander
	
	
	6.3
	13
	4.8
	7.7
	10.5
	
	
	30

	Other
	10.5
	
	25
	13
	19
	
	
	
	7.1
	

	
	
	
	
	
	
	
	
	
	
	

	RB Potential LWD (#/100m)
	12.6
	7.6
	2.6
	4.6
	5.7
	10.9
	12.7
	7.3
	8.8
	8.1

	LB Potential LWD (#/100m)
	12.9
	8.4
	2.5
	6.1
	7.9
	12.2
	12.4
	7.9
	7.9
	7

	
	
	
	
	
	
	
	
	
	
	

	Substrate (% Occurrence)
	
	
	
	
	
	
	
	
	
	

	Bedrock
	
	
	
	
	1.4
	
	1.1
	4
	13.5
	12.8

	Boulders
	8.5
	1.8
	
	6.6
	15.9
	19.5
	29.5
	29.7
	31.5
	12

	Rubble
	7.3
	8
	6.5
	7.8
	9.8
	25.7
	13.6
	22
	15.8
	35.4

	Cobble
	21.5
	23.5
	28.4
	34.3
	46.9
	42
	43
	32.3
	23.7
	33.6

	Gravel
	43.3
	38.5
	40.7
	29.7
	13.3
	5.3
	7.8
	9.1
	2.5
	1.7

	Small Gravel
	12.9
	17.2
	6.8
	13.9
	9
	6.5
	
	
	
	

	Sand
	6.5
	11
	15.8
	7.6
	3.7
	1
	5
	2.8
	13.1
	3.3

	Silt
	
	
	1.8
	
	
	
	
	
	
	1.2


Table 3.3
Sand Creek Habitat Summary for 1999.

	
	Sand Creek
	 
	Riparian Type
	%Dominate
	% Sub Dominate

	Length (m)
	172560
	
	Alder
	36.6
	25.2

	Embed (%)
	55.9
	
	Cottonwood
	1.4
	0

	Pool-Riffle Ratio
	.7 : 1
	
	Dogwood
	0.7
	3.6

	LWD (#/100m)
	10.7
	
	Douglas Fir
	24.2
	0.7

	USFS LWD (#/Mile)
	27.4
	
	Forbes/Grasses
	2.8
	19.7

	Primary Pools (#/km)
	25.3
	
	Grand Fir
	3
	0

	Bank Stability (%)
	79.8
	
	Maple
	0.3
	0.5

	Spring spawning gravel (m2)
	20.5
	
	Mixed Conifers
	13.4
	0.4

	Fall spawning gravel (m2)
	11.5
	
	Mixed Hardwoods
	0.9
	1.4

	Avg stream width (m)
	1.9
	
	Mixed Shrubs
	9.4
	46.4

	Avg stream depth(cm)
	9.9
	
	Pacific Yew
	0.3
	0

	Avg gradient (%)
	5.4
	
	Ponderosa Pine
	4.2
	0.4

	
	
	
	Western Larch
	0.2
	0

	Pool Formation (%)
	
	
	Willow
	2.6
	1.8

	Beaver Dam
	0.6
	
	 
	
	

	Bedrock/Boulder
	45.7
	
	Habitat Types (%)
	
	

	Enhancement
	
	
	Pool
	33.1
	

	Large Woody Debris
	39.3
	
	Riffle
	39.4
	

	Meander
	6.4
	
	Run
	25
	

	Other
	8.1
	
	Pocketwater
	2.5
	

	
	
	
	Alcove
	
	

	RB Potential LWD (#/100m)
	8.1
	
	Glide
	
	

	LB Potential LWD (#/100m)
	8.6
	
	 
	
	

	
	
	
	 
	
	

	Substrate (% Occurrence)
	
	
	 
	
	

	Bedrock
	2.6
	
	 
	
	

	Boulders
	16.4
	
	 
	
	

	Rubble
	14.6
	
	 
	
	

	Cobble
	34.7
	
	 
	
	

	Gravel
	18.3
	
	 
	
	

	Small Gravel
	6.8
	
	 
	
	

	Sand
	6.4
	
	 
	
	

	Silt/Clay
	0.2
	
	 
	
	


3.1b
Relative Fisheries Abundance


The only species of fish found in Sand Creek above the Wellpinit-West End road was brook trout (Salvelinus fontinalis).  The highest densities of fish were found in the upper three reaches of Sand Creek (Table 3.4).  Table 3.6 shows the relative percent of each age class contribution by reach.  Age classes were taken from Epinosa (1988) and may not represent the actual growth rates of fish in Sand Creek.  The total number of age 0+ brook trout observed was 9.  One was observed in both reach 1 and reach 2.  Seven age 0+ were observed in reach 3.  The percentage of age 1+ fish was 19 (n=33), the percentage age 2+ fish was 57 (n=98), and the total age 3+ fish was 32 which also made up 19% of the total fish sampled.  No age 1+ fish were observed in the samples in reaches 3 through 6.  Age 2+ fish were distributed within all reaches but predominately in reaches 1(12), 2 (15), 7 (19), and 9 (15).  There was a minimum of 3 age 3+ fish in each sample site minus reach 4 which only had two.  The highest densities of fish were in reach 2 followed by reach 3, and reach 1 respectively.  The lowest densities of fish were observed in reach 5 followed by reach 8.  Age class groupings, based completely on length, showed very few age 0 fish.  Age 2 fish were prevalent in all reaches except reach 2.  Age 1 and age 3 fish were approximately equal, but less than one-third of the number of age 2 fish (Figure 3.6 and Table 3.5).  Age 0 fish were sampled only in reaches 1 through 3.

A sample of brook trout, at locations 2 and 9, were observed as being reproductively mature as early as 114 mm for females, and 180 mm for males.  Average lengths of reproducing fish were 144 mm and 218 mm for females and males respectively.  Brook trout adults were observed to be spawning in pockets of small gravel mixed with sand.  

Pools provided the majority of summer and fall habitat.  Eighty-seven percent of the total fish observed were observed in pool habitat (Figure 3.7).  Ten percent of the total fish were sampled in runs and 3% were in riffles.  Fish in reaches 2 and 9 were not related to specific habitat although habitat occupancy trends were similar.

Much of the lower two reaches below the Wellpinit-West End road were dry in August and September.  Although there were intermittent and sub-surface flows in the lower reaches of Sand Creek, numerous fish were observed in residual pool habitat.  Water temperatures of 5.5(C were recorded in September in the land-locked pools.  Although there was no snorkel or electroshocking survey on the lower two reaches, brook trout were the only species observed.

Figure 3.6
Relative Age Class Distribution of Brook Trout in Sand Creek in 1999.  Data obtained from Table 3.5 and based on lengths/ages from adopted standard stream surveying methodology (Table 2.2).
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Figure 3.7
Number of brook trout sampled in Sand Creek (1999) within each habitat type
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Table 3.4
Sand Creek Brook Trout Abundance by Reach in 1999

	
	
	
	
	
	
	Depletion Calculation

	Date (1999)
	Reach
	Method
	N
	Area(m2)
	Density (#/100m2 )
	(#/100m2 )
	Pop. Conf. Intervals (#/100m2)

	18-Oct
	1
	Shock
	23
	55.28
	41.61
	
	

	18-Oct
	2
	shock/depletion
	41
	58.80
	69.73
	71.43
	64.80 / 78.05

	8-Sep
	3
	Snorkel
	17
	37.73
	45.06
	
	

	9-Sep
	4
	Snorkel
	11
	51.64
	21.30
	
	

	8-Sep
	5
	Snorkel
	7
	68.08
	10.28
	
	

	20-Oct
	6
	Shock
	15
	103.20
	14.53
	
	

	20-Oct
	7
	Shock
	25
	77.03
	32.45
	
	

	20-Oct
	8
	Shock
	12
	107.70
	11.14
	
	

	8-Oct
	9
	shock/depletion
	21
	127.71
	16.44
	17.8
	12.70 / 22.96

	
	
	
	
	
	
	
	

	Sum
	
	
	172
	687.17
	262.55
	
	

	Average
	
	
	
	
	29.17
	
	


Table 3.5 
Age class (Epinosa 1988) and number of fish sampled by reach in Sand Creek 1999.  

Corresponds to Figure 3.6.

	
	
	
	Age Class


	

	
	0+
	1+
	2+
	3+

	1
	1
	7
	12
	3

	2
	1
	21
	15
	4

	3
	7
	0
	7
	3

	4
	0
	0
	9
	2

	5
	0
	0
	4
	3

	6
	0
	0
	9
	6

	7
	0
	3
	19
	3

	8
	0
	1
	8
	3

	9
	0
	1
	15
	5

	
	
	
	
	

	Totals
	9
	33
	98
	32


Table 3.6
Number of fish observed in 1999 in Sand Creek by habitat type and reach.  Corresponds to Figure 3.7.

	Reaches
	Pool
	Riffle
	Run

	1
	16
	1
	6

	3
	17
	0
	0

	4
	11
	0
	0

	5
	7
	0
	0

	6
	14
	1
	0

	7
	19
	1
	5

	8
	12
	0
	0

	Totals
	96
	3
	11


3.1c
Benthic Macroinvertebrates


The highest densities of benthic macroinvertebrates, occurring in upper Sand Creek, were 7,015/m2.  Percent Ephemeroptera, Plecoptera, and Trichoptera (EPTs) were 39.5.  There was 19.1% Ephemeroptera, 14.2% Plecoptera, 6.2% Trichoptera, and 49.5% Diptera in the upper Sand Creek site.  Densities of benthic macroinvertebrates at the middle Sand Creek site were 5,065/m2.  EPT’s made up 66.6%; 28.4% were Diptera, 29.2% Ephemeroptera, 14.6% Plecoptera, and 22.8% Trichoptera.  The lowest densities of 1,525/m2 were recorded at the lower Sand Creek site.  Although the lowest overall densities existed at the lower site, EPT’s were highest at 89.2%, mainly Ephemeroptera (55.4%) and Plecoptera (22.6%).  Diptera made up only 5.9% of the total sampled at the lower site.  Table 3.7 summarizes the benthic invertebrate composition for the three Sand Creek sites.


Dixidae, which have a tolerance value (TV) of 1, were present only in the lower sample.  All four Ephemeroptera, (Baetidae, Ephemerellidae, Heptageniidae, and Leptophlebiidae) which have relatively low TV’s (0 - 4), were found in all 3 sample sites in Sand Creek.  Other organisms, identified to Family, that were present in all three sites were Chironomidae, Tipulidae, Elmidae, Chloroperlidae, and Perlolidae.  Taeniopterygidae (TV 2) was also found only at the lower site although there were only two specimens identified.  The number of “family” taxon between the three sites on Sand Creek was 22, 17, and 21 for the lower, middle, and upper sites respectively.  Tolerance values for “family” level taxon at each site are displayed in Table 3.8.  


Although macroinvertebrates were more abundant at the upper sites, the species that existed at the lower site were less tolerant.  Only 5.9% Diptera were found at the lower Sand Creek sample site.  EPT’s made up 89.2% of the relative macroinvertebrate composition at the lower site and decreased to 66.6% at the middle site, and 39.5% at the upper site.  Diptera, at the upper site, made up 49.4% of the relative composition.  Substrate sizes increased in the lower reaches and embeddedness decreased, which would provide more favorable habitat for specific species of macroinvertebrates.  High embeddedness and smaller substrate sizes in the upper reaches could explain the change in macroinvertebrate composition from the lower site.  Overall densities in Sand Creek were lower than other major streams on the reservation.  Individual sample variability was highest in Sand Creek.  Densities of benthic macroinvertebrates in Sand Creek (7,015 m2) were less than the lowest densities at Blue Creek (14,980 m2) or Tshimikain Creek (11,940 m2) (Table 3.7).


Temperatures in upper Sand Creek were generally lower than those taken at lower Sand Creek (Table 3.9).  Upper Sand Creek had the highest maximum temperature in August of 22.17 (C.  The average August temperatures for the upper and lower sites were 15.27 (C and 16.01 (C respectively.


Some land use impacts in the Sand Creek drainage have been roads and logging.  No recent livestock activity was observed although cattle have been in the drainage in the past.  The beaver dams that existed in the upper reaches trapped large amounts of sediment that is now washing downstream and creating large cut-banks.

Table 3.7
Sand Creek Hess Samples 1999

	
	Lower Sand Creek
	Middle Sand Creek
	Upper Sand Creek

	
	10/8/99
	10/8/99
	10/18/99

	
	#1
	#2
	#1
	#2
	#1
	#2

	count
	total
	total
	1:2
	total
	total
	total

	
	
	
	
	
	
	 

	
	
	
	
	
	
	 

	Ephemeroptera
	76
	93
	234
	62
	62
	206

	Plecoptera
	35
	34
	98
	50
	66
	133

	Trichoptera
	2
	32
	178
	53
	20
	67

	Diptera
	8
	10
	274
	14
	119
	576

	Coleoptera
	
	
	
	1
	23
	21

	Hemiptera
	
	1
	28
	1
	
	 

	Collembola
	
	
	
	
	
	6

	Hydracharina
	
	
	2
	
	
	2

	Oligochaeta
	8
	
	9
	8
	57
	45

	Nematode
	1
	
	
	
	
	 

	Terrestrial
	3
	
	
	
	
	 

	   Hymenoptera
	1
	1
	
	1
	
	 

	   Diptera
	
	
	
	
	
	 

	
	
	
	
	
	
	 

	Total
	134
	171
	823
	190
	347
	1056

	Total EPT
	113
	159
	510
	165
	148
	406

	% EPT
	84.33%
	92.98%
	61.97%
	86.84%
	42.65%
	38.45%

	% Diptera
	5.97%
	5.85%
	33.29%
	7.37%
	34.29%
	54.55%

	
	
	
	
	
	
	 

	
	Lower Sand Creek
	Middle Sand Creek
	Upper Sand Creek

	Averages
	
	
	

	no./m2
	1,525
	5,065
	7,015

	% Ephemeroptera
	55.41%
	29.22%
	19.10%

	% Plecoptera
	22.62%
	14.61%
	14.18%

	% Trichoptera
	11.15%
	22.80%
	6.20%

	% EPT
	89.18%
	66.63%
	39.49%

	% Diptera
	5.90%
	28.43%
	49.54%

	Ratio EPT:Diptera
	1.0 : 0.11
	1.0 : 0.97
	1.0 : 2.6


Table 3.8
Sand Creek EPA tolerance value and (+) presence (-) absence for specific family taxon.

	
	EPA
	Sand Creek  
	Sand Creek
	Sand Creek

	
	Tolerance value
	Lower
	Middle
	Upper

	Taxon
	
	
	
	

	DIPTERA
	
	
	
	

	1. Chironomidae
	6
	+
	+
	+

	2. Dixidae
	1
	+
	-
	-

	3. Empididae
	6
	-
	-
	-

	4. Psychodidae
	4
	-
	+
	+

	5. Simuliidae
	6
	-
	-
	-

	6. Tabanidae
	8
	+
	-
	+

	7. Tipulidae
	3
	+
	+
	+

	8. Pelecorhynchidae
	6
	-
	-
	+

	9. Ceratopogonidae
	6
	-
	-
	+

	COLEOPTERA
	
	
	
	

	1. Elmidae
	4
	+
	+
	+

	2. Staphylinidae
	8
	+
	-
	-

	EPHEMEROPTERA
	
	
	
	

	1. Baetidae
	4
	+
	+
	+

	2. Ephemerellidae
	1
	+
	+
	+

	3. Heptageniidae
	0-4
	+
	+
	+

	4. Leptophlebiidae
	2
	+
	+
	+

	HEMIPTERA
	
	
	
	

	1. Corixidae
	10
	+
	+
	-

	2. Gerridae
	5
	-
	+
	-

	PLECOPTERA
	
	
	
	

	1. Chloroperlidae
	1
	+
	+
	+

	2. Nemouridae
	2
	+
	-
	+

	3. Perlolidae
	2
	+
	+
	+

	4. Pteronarcyidae
	0
	-
	-
	-

	5. Taeniopterygidae
	2
	+
	-
	-

	TRICHOPTERA
	
	
	
	

	1. Brachycentridae
	1
	+
	-
	-

	2. Glossosomatidae
	0
	-
	-
	-

	3. Hydropsychidae
	4
	+
	-
	-

	4. Lepidostomatidae
	3
	+
	+
	+

	5. Limnephilidae
	4
	+
	+
	+

	6. Polycentropodidae
	2-5
	-
	-
	+

	7. Rhyacophilidae
	0
	-
	-
	+

	OTHER
	
	
	
	

	1. Collembola
	10
	-
	-
	+

	2. Hydracharina
	
	-
	+
	+

	3. Nematoda
	5
	+
	-
	-

	4. Oligochaeta
	
	+
	+
	+

	5. Hymenoptera
	
	+
	+
	-

	6. Diptera
	
	-
	-
	-


	
	Table 3.9         1999 Temperature Data Logger Summary ((C)
	

	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	Lower
	Upper
	McCoy  
	Lower    
	Upper
	Owl  
	Little   
	Lower
	Tshimikain at
	

	
	Blue Creek
	Blue Creek
	Creek
	Sand Creek
	Sand Creek
	Creek
	Tshimikain
	Tshimikain
	 Ford
	Air

	August Max
	21.56
	20.18
	Dewatered
	20.98
	22.17
	19.04
	26.46
	23.29
	20.99
	35.56

	August Min
	12.17
	12.87
	11.29
	11.93
	10.42
	9.93
	13.5
	11.59
	11.47
	3.89

	August Avg
	16.12
	16.76
	17.50
	16.01
	15.27
	14.00
	18.74
	16.23
	14.97
	20.31

	September Max
	13.56
	15.21
	15.97
	15.04
	14.91
	14.11
	18.41
	17.39
	15.99
	29.44

	September Min
	4.26
	7.61
	2.26
	5.42
	2.96
	4.04
	5.6
	5.86
	6.83
	-6.67

	September Avg
	10.35
	12.51
	10.64
	11.19
	9.71
	9.61
	12.73
	12.02
	11.48
	13.9

	October Max
	11.39
	12.09
	11.76
	11.16
	9.96
	9.46
	12.42
	12.68
	15.68
	21.11

	October Min
	1.89
	5.12
	0.34
	3.23
	0.73
	2.16
	3.72
	4.46
	6.05
	-6.67

	October Avg
	6.42
	8.78
	6.07
	7.40
	5.61
	6.14
	8.76
	9.17
	9.51
	7.93

	Total Avg Temp
	11.64
	13.25
	12.35
	12.26
	10.99
	10.56
	14.06
	12.93
	12.33
	14.05

	Max Temp
	21.56
	20.18
	Dewatered
	20.98
	22.17
	19.04
	26.46
	23.29
	20.99
	35.56

	Max Date
	8/4/99
	8/4/99
	 8/26-28/99
	8/4/99
	8/4/99
	8/4/99
	8/5/99
	8/5/99
	8/5/99
	8/2-3/99

	Min Temp
	1.89
	5.12
	0.34
	3.23
	0.73
	2.16
	3.72
	4.46
	6.05
	-6.67

	Min Date
	10/16/99
	10/16/99
	10/19/99
	10/16/99
	10/16/99
	10/16/99
	10/16/99
	10/16/99
	10/16/99
	10/21/99

	Logger Start
	7/30/99
	7/30/99
	7/30/99
	7/30/99
	7/30/99
	7/30/99
	8/2/99
	8/2/99
	8/2/99
	8/1/99

	Logger End
	10/21/99
	10/21/99
	10/19/99
	10/19/99
	10/19/99
	10/19/99
	10/19/99
	10/19/99
	10/19/99
	10/31/99


3.2
BLUE CREEK


Benthic macroinvertebrate densities were the highest at the middle site.  Densities were 34,960/m2; 52.4% were Ephemeroptera, 9.3% Plecoptera, 4.6% Trichoptera, and 23.7% Diptera, at the middle site.  Above the mine effluent, or upper site, densities were 22,520/m2.  Ephemeroptera made up 57.6% of the total organisms and Diptera made up 25.8%.  Lower Blue Creek had the highest percentage of EPT’s (84%) and the lowest densities (14,980/m2).  Plecoptera were the dominant organism sampled as 82% of the total.  There were only 4 Ephemeroptera in the lower sample that accounted for only 0.1% of the total sample.


Diversity of benthic macroinvertebrates in lower Blue Creek was approximately half the middle and upper sites.  The middle site had the highest diversity of organisms, 16 separate families, which was only two more than the upper site.  Many of the organisms, absent at the lower site, were present at the middle site, and also present at the upper site.  There were 5 families of Trichoptera at the middle site, two at the upper, and only one family (Hydropsychidae) was found at the lower site.  Plecoptera were dominant at the lower site with three families present.  Only one family was present at the middle and upper sites.  Four families of Ephemeroptera were abundant in both the middle and upper sites.  One organism was identified as Ephemeroptera at the lower site although it could not be identified to family level.  Tables 3.10, and 3.11 contain the organisms in each sample, averages, and tolerance values for each family taxon identified.


Relative composition of invertebrates for the middle and upper sites was similar although there were higher densities at the middle site.  Ephemeroptera were abundant in the middle and upper sample sites but practically absent in the lower samples.  Plecoptera were abundant at the lower site (82%) but only 9% at the middle and less than 7% at the upper sites.  Trichoptera made up only 8.31% of all sample sites combined.  Cairns et al. (1988) sampled benthic macroinvertebrates in Blue Creek using a modified Hess sampler.  In 1988, a minimum of three transects were taken at each site.  One sample at the appropriate midpoint of the stream was usually taken and transects were selected in runs with interspersed riffles.  In 1999, two Hess samples were taken in riffle habitat and then averaged together to obtain density estimates.  Density at the lower site was 2,362 m2 in 1987 and 14,980 m2 in 1999.  Densities at the upper site were 21,926 m2 in 1987 and 22,520 m2 in 1999.  Due to unknown location of sampling for the middle site, no comparison can be made although data suggests that 1999 sampling occurred above the mine effluent.  The density of macroinvertebrates was 29,809 m2 directly above the effluent in 1987.  The density of the middle site in 1999 was 34,960 m2.  All of the comparisons were made from the October sampling in 1987 and 1999.  Based on the differences in density the upper reaches have not changed significantly where as the lower section showed an increase in macroinvertebrate production.

Table 3.10
Blue Creek Hess Samples 1999

	
	Lower Blue Ck
	Middle Blue Ck 
	Blue Ck above mine

	
	10/21/99
	10/25/99
	10/25/99

	
	#1
	#2
	#1
	#2
	#1
	#2

	count
	1:4
	1:4
	1:4
	1:4
	1:4
	1:4

	
	
	
	
	
	
	 

	
	
	
	
	
	
	 

	Ephemeroptera
	0
	4
	2448
	1216
	1472
	1120

	Plecoptera
	1436
	1028
	424
	228
	280
	24

	Trichoptera
	24
	24
	180
	140
	44
	52

	Diptera
	168
	132
	844
	812
	572
	592

	Coleoptera
	84
	92
	288
	344
	164
	128

	Hemiptera
	
	
	
	
	
	4

	Collembola
	
	
	
	
	
	 

	Hydracharina
	
	
	
	
	
	 

	Oligochaeta
	
	
	48
	20
	24
	28

	Nematode
	
	
	
	
	
	 

	Terrestrial
	
	
	
	
	
	 

	   Hymenoptera
	
	
	
	
	
	 

	   Diptera
	
	4
	
	
	
	 

	
	
	
	
	
	
	 

	Total
	1712
	1284
	4232
	2760
	2556
	1948

	Total EPT
	1460
	1056
	3052
	1584
	1796
	1196

	% EPT
	85.28%
	82.24%
	72.12%
	57.39%
	70.27%
	61.40%

	% Diptera
	9.81%
	10.28%
	19.94%
	29.42%
	22.38%
	30.39%

	
	
	
	
	
	
	 

	
	Lower Blue Ck
	Middle Blue Ck
	Blue Ck above mine

	Averages
	
	
	

	no./m2
	14,980
	34,960
	22,520

	% Ephemeroptera
	0.13%
	52.40%
	57.55%

	% Plecoptera
	82.24%
	9.32%
	6.75%

	% Trichoptera
	1.60%
	4.58%
	2.13%

	% EPT
	83.98%
	66.30%
	66.43%

	% Diptera
	10.01%
	23.68%
	25.84%

	Ratio EPT:Diptera
	1.0 : 0.12
	1.0 : 0.36
	1.0 : 0.39


Table 3.11
Blue Creek EPA tolerance values and (+) presence, (-) absence of specific family taxon.

	
	EPA
	Blue Creek
	Blue Creek
	Blue Creek

	
	Tolerance value
	Lower
	Middle
	Above Mine Effluent (Upper)

	Taxon
	
	
	
	

	DIPTERA
	
	
	
	

	1. Chironomidae
	6
	+
	+
	+

	2. Dixidae
	1
	-
	-
	-

	3. Empididae
	6
	-
	-
	-

	4. Psychodidae
	4
	+
	+
	+

	5. Simuliidae
	6
	-
	+
	+

	6. Tabanidae
	8
	-
	-
	-

	7. Tipulidae
	3
	-
	+
	+

	8. Pelecorhynchidae
	6
	-
	-
	-

	9. Ceratopogonidae
	6
	-
	-
	-

	COLEOPTERA
	
	
	
	

	1. Elmidae
	4
	+
	+
	+

	2. Staphylinidae
	8
	-
	-
	-

	EPHEMEROPTERA
	
	
	
	

	1. Baetidae
	4
	-
	+
	+

	2. Ephemerellidae
	1
	-
	+
	+

	3. Heptageniidae
	0-4
	-
	+
	+

	4. Leptophlebiidae
	2
	-
	+
	+

	HEMIPTERA
	
	
	
	

	1. Corixidae
	10
	-
	-
	+

	2. Gerridae
	5
	-
	-
	-

	PLECOPTERA
	
	
	
	

	1. Chloroperlidae
	1
	+
	+
	+

	2. Nemouridae
	2
	+
	-
	-

	3. Perlolidae
	2
	+
	-
	-

	4. Pteronarcyidae
	0
	-
	-
	-

	5. Taeniopterygidae
	2
	-
	-
	-

	TRICHOPTERA
	
	
	
	

	1. Brachycentridae
	1
	-
	+
	+

	2. Glossosomatidae
	0
	-
	-
	-

	3. Hydropsychidae
	4
	+
	+
	-

	4. Lepidostomatidae
	3
	-
	-
	-

	5. Limnephilidae
	4
	-
	+
	+

	6. Polycentropodidae
	2-5
	-
	+
	-

	7. Rhyacophilidae
	0
	-
	+
	-

	OTHER
	
	
	
	

	1. Collembola
	10
	-
	-
	-

	2. Hydracharina
	
	-
	-
	-

	3. Nematoda
	5
	-
	-
	-

	4. Oligochaeta
	
	-
	+
	+

	5. Hymenoptera
	
	-
	-
	-

	6. Diptera
	
	+
	-
	-


There were two temperature loggers deployed into Blue Creek.  The lower site was directly below the USGS flow station near the mouth and the upper site was just above the culvert crossing below the Midnight Mine Effluent.  Although the lower site showed the maximum temperature in August, all other maximum and monthly averages were higher at the upper site than at the lower (Table 3.9).  Higher temperatures could be attributed to the addition of treated water coming from pools near the mine or to the lack of riparian vegetation and overhead canopy.  Water taken from the pools should to be obtained from the near-bottom waters to assist in the reduction of temperatures in upper Blue Creek.  Below the confluence of Oyachen Creek to the mouth, due to glaciolacustrine sediments, there are subsurface flows (Stoffel et al. 1991).  Subsurface flows may also attribute to the reduced temperatures near the mouth.  

3.3
TSHIMIKAIN CREEK


EPT’s and percent Diptera between the two sites on Tshimikain were similar.  The lower Tshimikain Creek site had 85.6% EPT’s compared to 74.6% EPT’s at the Ford site.  Total overall densities at the lower site were 11,940 m2 and 23,160 m2 at the Ford site.  Ephemeroptera made up 26.7%, 2.5% Plecoptera, and 56.4% were Trichoptera at the lower site.  The Ford site showed 56.6% Ephemeroptera, 1.7% Plecoptera, and 16.4% Trichoptera.  


At the lower Tshimikain site there were 17 families identified and 19 at the upper (Ford) site.  Composition was almost identical between the two sites.  Pteronarcyidae, the largest of the stoneflies, was present in each of the two samples at the upper site.  The only other major difference between the two sites was Limnephilidae present only at the lower site and Rhyacophilidae at the upper site.  Tolerance values were low for many of the organisms present at either site.  Pteronarcyidae, found at the Ford site have a tolerance value of zero.  Tables 3.12, and 3.13 contain complete results of Hess samples in Tshimikain Creek.


Benthic macroinvertebrates and temperature were the only parameters collected in 1999 from Tshimikain Creek.  Of the two sites sampled, the upper site (at Ford) showed cooler temperatures.  Densities of macroinvertebrates, in riffle habitat types, increased from 11,940 m2 at the lower site to 23,160 m2 at Ford.  Percent EPT’s at both sites were similar although composition of the three representatives varied.  Plecoptera were low at both sites although the presence of certain species would indicate favorable substrate, temperatures, and the lack of pollutants.  Ephemeroptera were the most abundant organism sampled at the upper site where as Trichoptera were most common at the lower site.  

Table 3.12
Tshimikain Creek Hess Samples 1999

	
	Tshimikain Lower
	Tshimikain @ Ford

	
	10/25/99
	10/25/99

	
	#1
	#2
	#1
	#2

	count
	1:2
	1:4
	1:2
	1:4

	
	
	
	
	

	
	
	
	
	

	Ephemeroptera
	310
	328
	896
	1724

	Plecoptera
	24
	36
	26
	52

	Trichoptera
	550
	796
	406
	352

	Diptera
	196
	76
	362
	528

	Coleoptera
	230
	148
	98
	180

	Hemiptera
	2
	
	
	

	Collembola
	
	
	
	

	Hydracharina
	
	
	
	

	Oligochaeta
	2
	
	4
	4

	Nematode
	
	
	
	

	Terrestrial
	
	
	
	

	   Hymenoptera
	
	
	
	

	   Diptera
	
	
	
	

	
	
	
	
	

	Total
	1004
	1384
	1792
	2840

	Total EPT
	884
	1160
	1328
	2128

	% EPT
	88.05%
	83.82%
	74.11%
	74.93%

	% Diptera
	19.52%
	5.49%
	20.20%
	18.59%

	
	
	
	
	

	
	Tshimikain Lower
	Tshimikain @ Ford

	Averages
	
	

	no. /m2
	11,940
	23,160

	% Ephemeroptera
	26.72%
	56.56%

	% Plecoptera
	2.51%
	1.68%

	% Trichoptera
	56.37%
	16.36%

	% EPT
	85.59%
	74.61%

	% Diptera
	11.39%
	19.21%

	Ratio EPT:Diptera
	1.0 : 0.13
	1.0 : 0.17


Temperatures in 1999 ranged from 4.46 (C in October to a high of 23.39 (C in August.  Heaton et al. (1993) showed that Tshimikain was classified as a WAC class A stream, but that it exceeded the minimum temperature 25% of the time in 1992.  In 1992 (June through August) the temperature averaged 18 (C.  Temperature averaged 16.23 (C in August 1999 at the lower site and 14.97 (C at the Ford site.  Stream temperatures of Tshimikain Creek were comparable to other smaller streams within the reservation (Table 3.9).


From 1997 to 1999 snow pack and flows in Tshimikain Creek were above the 25-year norm (1971 to 1995).  The monthly mean average daily flows for the summer months of 1999 were 66.4 CFS for June, 50.5 CFS for July, 34.8 CFS for August, and 31.2 CFS for September, with the low of 30 CFS occurring on ten days (Woodward 1999).

3.4
OTHER STREAMS


Temperature monitors were placed in Little Tshimikain Creek, Owl Creek, and McCoy Creek (Table 3.9).  Little Tshimikain had the highest instream temperatures (26.46 (C) in August and an average for that month of 18.74 (C.  In 1992, Heaton et. al. recorded an average temperature of 19.6 (C from June through August.  Owl Creek, a tributary to Sand Creek, had the lowest maximum and monthly average of all streams sampled.  The maximum August temperature was 19.04 (C and an August average of 14.0 (C.  McCoy Creek became dewatered in the month of August.

Table 3.13
Tshimikain Creek EPA Tolerance values with (+) presence, and (-) absence of specific family taxon.

	
	EPA
	Tshimikain Creek
	Tshimikain Creek

	
	Tolerance value
	Lower
	at Ford

	Taxon
	
	
	

	DIPTERA
	
	
	

	1. Chironomidae
	6
	+
	+

	2. Dixidae
	1
	-
	-

	3. Empididae
	6
	+
	+

	4. Psychodidae
	4
	-
	+

	5. Simuliidae
	6
	+
	+

	6. Tabanidae
	8
	-
	-

	7. Tipulidae
	3
	+
	+

	8. Pelecorhynchidae
	6
	-
	-

	9. Ceratopogonidae
	6
	-
	-

	COLEOPTERA
	
	
	

	1. Elmidae
	4
	+
	+

	2. Staphylinidae
	8
	-
	-

	EPHEMEROPTERA
	
	
	

	1. Baetidae
	4
	+
	+

	2. Ephemerellidae
	1
	+
	+

	3. Heptageniidae
	0-4
	+
	+

	4. Leptophlebiidae
	2
	+
	+

	HEMIPTERA
	
	
	

	1. Corixidae
	10
	-
	-

	2. Gerridae
	5
	-
	-

	PLECOPTERA
	
	
	

	1. Chloroperlidae
	1
	+
	+

	2. Nemouridae
	2
	+
	+

	3. Perlolidae
	2
	+
	+

	4. Pteronarcyidae
	0
	-
	+

	5. Taeniopterygidae
	2
	-
	-

	TRICHOPTERA
	
	
	

	1. Brachycentridae
	1
	+
	+

	2. Glossosomatidae
	0
	+
	+

	3. Hydropsychidae
	4
	+
	+

	4. Lepidostomatidae
	3
	-
	-

	5. Limnephilidae
	4
	+
	-

	6. Polycentropodidae
	2-5
	-
	-

	7. Rhyacophilidae
	0
	-
	+

	OTHER
	
	
	

	1. Collembola
	10
	-
	-

	2. Hydracharina
	
	-
	-

	3. Nematoda
	5
	-
	-

	4. Oligochaeta
	
	+
	+

	5. Hymenoptera
	
	-
	-

	6. Diptera
	
	-
	-


3.5
BENJAMIN LAKE


Benjamin Lake was stratified in August through October.  Turnover occurred mid-November as indicated by the uniform dissolved oxygen levels.  A maximum depth of 12 meters was recorded in August.  During the sample period from August to February the surface temperature reached a high of 23.94 (C and a low of 0.68(C under the ice level in February.  In August, dissolved oxygen levels were lethal for salmonid species below 3 meters.  Relative temperature at 3 meters was 21.18(C.  By the first of October dissolved oxygen levels above 5 mg/L were recorded at 6 meters.  Temperature in the top six meters did not exceed 14.06(C for the October 1st sample.  The October 29th sample showed available fish habitat, although with higher dissolved oxygen levels, not to exceed 6 meters.  Secchi depth was 4 meters in August and 2.5 at turnover in November (Table 3.34).  Following turnover in November, dissolved oxygen became stratified and again did not exceed 6 meters.  The water column in February was isothermal as pH increased slightly and oxidation-reduction potential (ORP) increased dramatically.  Table 3.18 contains the actual data collected for Benjamin Lake.


At Benjamin Lake, Daphnia sp. comprised 2.5% of total zooplankton density and 2.4% of the total zooplankton biomass from September through November.  During the same time period “other Cladocera” accounted for 47.8% of total zooplankton density and 12.8% of total mean biomass.  Numerically, “other Cladocera” accounted for 72% of total zooplankton sampled in September at Benjamin Lake.  Copepod species accounted for 49.7% of total zooplankton and 84.8% of total zooplankton biomass during the September-November period.  Copepod comprised 25.6% of total zooplankton densities sampled in September, 64.8% and 90.8% in October and November respectively.  Tables 3.14 and 3.15 show the monthly density and biomass values based on species groups and Table 3.19 lists the species of zooplankton observed.

Tables 3.16 and 3.17 show mean zooplankton lengths in Benjamin Lake.  Due to low numbers of Daphnia spp. measured, few conclusions can be made from their lengths.  C. reticulata increased in average size from 0.53 mm in September to 0.78 mm in November and decreased in abundance from an estimated 37,000 m3 in September to 1,300 m3 in November.  In addition L. ashlandi increased in size over the same period from 1.06 mm to 1.20 mm in November.  L. ashlandi also increased in abundance from September (7,200 m3) to November (10,200 m3).  Densities of all other zooplankton species remained relatively constant or were observed in very low numbers.

Table 3.14
Benjamin Lake mean zooplankton density (#/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	1,290.21
	37,823.70
	13,445.41
	52,559.32

	Oct. - 29
	420.17
	5,220.28
	10,393.88
	16,034.33

	Nov. - 23
	628.13
	1,663.70
	22,578.78
	24,870.61

	 
	 
	 
	 
	 

	Mean
	779.50
	14,902.56
	15,472.69
	31,154.75

	Percentage
	2.5%
	47.8%
	49.7%


Table 3.15
Benjamin Lake mean zooplankton biomass ((g/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	4,785.47
	38,792.68
	91,422.28
	135,000.43

	Oct. - 29
	2,039.00
	9,326.92
	64,461.73
	75,827.65

	Nov. - 23
	2,834.32
	3,664.95
	186,060.46
	192,559.74

	 
	 
	 
	 
	 

	Mean
	3,219.60
	17,261.52
	113,981.49
	134,462.60

	Percentage
	2.4%
	12.8%
	84.8%
	


Benjamin Lake was stratified throughout the summer months of 1992 (Heaton et al. 1993).  Samples in August and September 1999 showed similar stratification.  The lake was homoeothermic in November in both 1992 and 1999.  Maximum temperatures exceeded levels for optimal fish growth in August 1999.  Available fish habitat, in 1999, was approximately three meters in August, six meters in September and October, and extended to the bottom in November when mixing occurred.  Complete mixing occurred in November in 1992 and 1999.  Heaton et al. (1993) showed levels of dissolved oxygen above 5 mg/l at 6 meters in July, again dropping to 3-meters in August, and then returning to 6 meters in September while the entire water column was below 5 mg/l in October.  Figures 3.8 and 3.9 graphically display the relations of temperature and dissolved oxygen with depth from samples taken in 1999 and 2000.  Dissolved oxygen and pH have become more desirable since 1992 although dissolved oxygen combined with temperature are limiting factors.  In October and November 1992 average pH was 9.39.  In 1999 average pH for the same months was 7.81 and 7.92 respectively.


Table 3.16
Monthly mean zooplankton lengths by species and group in Benjamin Lake 1999.

	Species
	September Mean Length
	October Mean Length
	November Mean Length

	
	
	
	 

	Daphnia
	
	
	 

	Daphnia pulex
	0.86 (n=5)
	0.94 (n=2)
	0.81 (n=3)

	Daphnia rosea
	0.97 (n=4)
	1.09 (n=2)
	1.16 (n=1)

	
	
	
	 

	Other Cladocera
	
	
	 

	Alona quadrangularis
	--
	--
	0.32 (n=1)

	Bosmina longirostris
	0.38 (n=3)
	--
	0.4 (n=1)

	Ceriodaphnia reticulata
	0.53 (n=81)
	0.7 (n=23)
	0.78 (n=16)

	
	
	
	 

	Copepoda
	
	
	 

	Diacyclops bicus. thomasi
	0.4 (n=13)
	--
	0.69 (n=2)

	Leptodiaptomus ashlandi
	1.06 (n=49)
	1.06 (n=59)
	1.2 (n=63)

	Mesocyclops edax
	--
	0.62 (n=4)
	0.64 (n=2)

	Nauplii
	0.24 (n=22)
	0.19 (n=38)
	0.21 (n=64)


Table 3.17
Combined mean zooplankton lengths (mm) by species for Benjamin Lake in 1999.

	Species
	Combined   Mean Length
	Standard Deviation
	n
	Observed  Range

	
	
	
	
	

	Daphnia
	
	
	
	

	Daphnia pulex
	0.86
	0.20
	10
	(0.68 - 1.20)

	Daphnia rosea
	1.01
	0.22
	7
	(0.70 - 1.30)

	
	
	
	
	

	Other Cladocera
	
	
	
	

	Alona quadrangularis
	0.32
	--
	1
	(0.32)

	Bosmina longirostris
	0.39
	0.02
	4
	(0.36 - 0.40)

	Ceriodaphnia reticulata
	0.60
	0.18
	120
	(0.20 - 0.88)

	
	
	
	
	

	Copepoda
	
	
	
	

	Diacyclops bicus. thomasi
	0.44
	0.11
	15
	(0.34 - 0.72)

	Leptodiaptomus ashlandi
	1.11
	0.48
	171
	(0.36 - 2.13)

	Mesocyclops edax
	0.62
	0.18
	6
	(0.36 - 0.84)

	Nauplii
	0.21
	0.07
	124
	(0.10 - 0.40)


Table 3.18
Water quality measurements taken with a Hydrolab Surveyor 4 at Benjamin, 

Lake in 1999-2000.

	Date
	Depth  (m)
	Temp ((C)
	%D.O.
	D.O. (mg/L)
	Cond. mmho/cm
	TDG (mmHg)
	pH
	ORP (mV)

	8/27/99
	0
	23.94
	97.9
	7.57
	435
	820
	7.95
	67

	8/27/99
	3
	21.18
	62.8
	5.17
	440
	822
	7.6
	80

	8/27/99
	6
	11.32
	33.9
	3.54
	479
	824
	7.51
	51

	8/27/99
	9
	7.34
	7.2
	0.8
	484
	821
	7.27
	13

	8/27/99
	12
	6.4
	1.6
	0.18
	491
	817
	7.03
	-69

	10/1/99
	0
	14.06
	88.2
	8.26
	441
	823
	7.52
	70

	10/1/99
	3
	13.63
	81.8
	7.75
	441
	824
	7.73
	40

	10/1/99
	6
	13.21
	56.3
	5.37
	449
	824
	7.47
	24

	10/1/99
	9
	7.29
	2.4
	0.25
	485
	826
	6.91
	-140

	10/29/99
	0
	9.18
	63.7
	6.67
	446
	825
	7.99
	65

	10/29/99
	3
	8.91
	60.3
	6.35
	447
	826
	8.05
	54

	10/29/99
	6
	8.88
	60.8
	6.41
	447
	826
	8.01
	51

	10/29/99
	9
	7.93
	4.5
	0.49
	492
	824
	7.2
	-66

	11/23/99
	0
	6.02
	45.7
	5.25
	447
	827
	7.86
	12

	11/23/99
	3
	6.02
	47.7
	5.46
	447
	827
	7.97
	-1

	11/23/99
	6
	6
	47.9
	5.49
	447
	827
	7.93
	-2

	11/23/99
	9
	5.98
	46.7
	5.35
	447
	827
	7.91
	-1

	2/9/00
	0
	0.68
	65
	8.55
	443
	630
	8.44
	288

	2/9/00
	3
	3.35
	52.6
	6.47
	445
	634
	8.4
	287

	2/9/00
	6
	3.47
	41.7
	5.11
	450
	638
	8.3
	288

	2/9/00
	9
	3.74
	21.7
	2.7
	456
	639
	8.18
	284
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Table 3.19
Zooplankton taxa identified in Benjamin, Mathews, McCoy, and Turtle Lakes during 1999.

Phylum Anthropoid

    Class Crustacea

         Subclass Branchiopoda

              Order Cladocera


            Family Daphnidae

     1.  Ceriodaphnia reticulata  (B, M, Mc)

2.  Daphnia pulex (B, M, Mc, T)

3.  Daphnia rosea (B, M, T)

             Family Chydoridae

4.  Alona quadrangularis (B, Mc)

 Family Sididae

     5.  Diaphanosoma brachyurum  (M, Mc, T)

             Family Bosmina

     6.  Bosmina longirostris (B, M, T)

         Subclass Copepoda

              Order Eucopepoda

                    Suborder Calanoida

  
              Family Diaptomidae

  7.  Leptodiaptomus ashlandi (B, M, Mc, T)

  Family Temoridae

       8.  Epischura nevadensis (T)


        Suborder Cyclopoida



  Family Cyclopoidae
9.  Diacyclops bicuspidatus thomasi (B, T)
                             10.  Mesocyclops edax (B, M, T)
        Suborder Harpacticoida


  Family Harpacticoidae

                             11.  Harpacticoid spp. (M)

B – Benjamin Lake

M – Mathews Lake

Mc – McCoy Lake

T – Turtle Lake

3.6
MATHEWS LAKE


Mathews Lake was stratified in August and September.  Fall turnover occurred in late October when the lake became isothermal and remained isothermal through November.  Although the surface temperature reached 21.05(C in August, dissolved oxygen is the major limiting factor to fish production in Mathews Lake.  Surface dissolved oxygen in August was 5.42 mg/L and 2.42 mg/L at 3 meters.  By the first of October dissolved oxygen levels were 4.89 mg/l at the surface.  Dissolved oxygen at the surface increased to 5.65 mg/L by the 29th of October but dropped below 5 mg/l by the 23rd of November.  At 6 meters, dissolved oxygen was below 5 mg/l during the entire sample period.  The maximum depth of the lake is 6 meters.  Table 3.24 contains all sample data for Mathews Lake.  Secchi depths were 3.8 meters at October 1st, and 1.6 meters at turnover the 23rd of October (Table 3.34).  Figures 3.10 and 3.11 express the relation of temperature and dissolved oxygen to depth.  The average euphotic zone, based on Secchi disk measurements, extends to the bottom of the lake.  

At Mathews Lake, Daphnia sp. accounted for 6.9% of the total zooplankton density and 8.6% of mean total zooplankton biomass from September to November, 1999.  During the same period, “other Cladocera” made up 14.6% of total zooplankton density and 5.5% of total zooplankton biomass while Copepod sp. accounted for 78.5% of total zooplankton density and 85.8% of total zooplankton biomass.  Tables 3.20 and 3.21 show the monthly density and biomass values based on species groups.  Table 3.19 lists the species of zooplankton found in Mathews Lake and Tables 3.22 and 3.23 show zooplankton lengths by species and groups.

Table 3.20
Mathews Lake mean zooplankton density (#/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	3,569.31
	11,319.10
	58,187.05
	73,075.46

	Oct. - 29
	3,259.49
	2,716.24
	28,520.57
	34,496.30

	Nov. - 23
	1,493.93
	3,599.02
	8,012.92
	13,105.88

	 
	 
	 
	 
	 

	Mean
	2,774.25
	5,878.12
	31,573.51
	40,225.88

	Percentage
	6.9%
	14.6%
	78.5%


Table 3.21
Mathews Lake mean zooplankton biomass ((g/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	8,464.73
	9,510.57
	176,488.52
	194,463.82

	Oct. - 29
	15,613.22
	3,677.70
	96,533.73
	115,824.65

	Nov. - 23
	6,105.41
	6,306.47
	26,862.86
	39,274.73

	 
	 
	 
	 
	 

	Mean
	10,061.12
	6,498.24
	99,961.71
	116,521.07

	Percentage
	8.6%
	5.6%
	85.8%
	


D. rosea increased in mean size from 0.76 mm in September to 0.93 mm in November but decreased in density from 3,000 m3 to 1,500 m3 over the same time period.  C. reticulata increased in mean length from 0.46 mm in September to 0.71 mm in November but decreased in density from 8,000 m3 to 3,500 m3 over the same period.  L. ashlandi densities decreased in density from an estimated 43,500 m3 in September to 6,800 m3 in November while average size remained unchanged.  

Table 3.22
Monthly mean zooplankton lengths by species and group in Mathews Lake 1999.

	Species
	September Mean Length
	October   Mean Length
	November Mean Length

	
	
	
	 

	Daphnia
	
	
	 

	Daphnia pulex
	0.68 (n=2)
	--
	-- 

	Daphnia rosea
	0.76 (n=12)
	0.98 (n=14)
	0.93 (n=19)

	
	
	
	 

	Other Cladocera
	
	
	 

	Bosmina longirostris
	0.3 (n=1)
	0.2 (n=1)
	-- 

	Ceriodaphnia reticulata
	0.46 (n=39)
	0.65 (n=10)
	0.71 (n=39)

	Diaphanosoma brachyurum
	0.53 (n=18)
	0.43 (n=2)
	0.58 (n=2)

	
	
	
	 

	Copepoda
	
	
	 

	Harpacticoid sp.
	
	
	0.3 (n=1)

	Leptodiaptomus ashlandi
	0.7 (n=75)
	0.74 (n=66)
	0.71 (n=60)

	Mesocyclops edax
	0.38 (n=1)
	--
	-- 

	Nauplii
	0.18 (n=43)
	0.23 (n=47)
	0.22 (n=12)


Table 3.23
Combined mean zooplankton lengths (mm) by species for Mathews Lake in 1999.

	Species
	Combined   Mean Length
	Standard Deviation
	n
	Observed  Range

	
	
	
	
	

	Daphnia
	
	
	
	

	Daphnia pulex
	0.68
	0.03
	2
	(0.66 - 0.70)

	Daphnia rosea
	0.90
	0.15
	45
	(0.52 - 1.24)

	
	
	
	
	

	Other Cladocera
	
	
	
	

	Bosmina longirostris
	0.25
	0.07
	2
	(0.20 - 0.30)

	Ceriodaphnia reticulata
	0.59
	0.15
	88
	(0.28 - 0.90)

	Diaphanosoma brachyurum
	0.53
	0.11
	22
	(0.26 - 0.70)

	
	
	
	
	

	Copepoda
	
	
	
	

	Harpacticoid sp.
	0.30
	--
	1
	(0.30)

	Leptodiaptomus ashlandi
	0.72
	0.18
	201
	(0.32 - 1.12)

	Mesocyclops edax
	0.38
	--
	1
	(0.38)

	Nauplii
	0.21
	0.05
	102
	(0.10 - 0.32)



Average densities of zooplankton (40,000/m3) suggest that food is not limiting, although oxygen depletion could be directly related to zooplankton decomposition.  Monthly mean zooplankton lengths suggest that the larger organisms are being preyed upon.  No data is available for previous year comparisons.

Table 3.24
Water quality measurements taken with a Hydrolab Surveyor 4 at Mathews Lake in 1999-2000.

	Date
	Depth  (m)
	Temp ((C)
	%D.O.
	D.O. (mg/L)
	Cond. mmho/cm
	TDG (mmHg)
	pH
	ORP (mV)

	8/30/99
	0
	21.05
	66
	5.42
	300
	829
	7.19
	22

	8/30/99
	3
	16.7
	28.2
	2.42
	322
	827
	6.85
	-16

	8/30/99
	6
	8.09
	2.2
	0.24
	431
	820
	6.99
	-151

	10/1/99
	0
	13.69
	52.1
	4.89
	310
	824
	6.84
	37

	10/1/99
	3
	13.01
	44.3
	4.23
	309
	824
	7.09
	2

	10/1/99
	4.5
	12.93
	40.1
	3.85
	309
	824
	7.09
	-10

	10/29/99
	0
	8.75
	53.5
	5.65
	314
	825
	7.34
	26

	10/29/99
	3
	8.31
	36.9
	3.94
	314
	825
	7.42
	14

	10/29/99
	6
	8.28
	33.4
	3.55
	315
	825
	7.51
	2

	11/23/99
	0
	5.37
	37.5
	4.35
	314
	825
	7.58
	-2

	11/23/99
	3
	5.37
	33.4
	3.89
	315
	826
	7.61
	-14

	11/23/99
	5.5
	5.38
	31.6
	3.7
	315
	826
	7.67
	-19

	2/18/00
	0
	1.29
	105.9
	13.91
	306
	628
	8.48
	455

	2/18/00
	3
	3.57
	25.2
	3.05
	315
	633
	8.03
	457

	2/18/00
	6
	3.85
	12.2
	1.46
	330
	637
	7.84
	330
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3.7
MCCOY LAKE


McCoy Lake is classified as eutrophic and was stratified in August through October.  Turnover began the end of October and was isothermal by mid November.  The water column was isothermal November 23rd although from 9 to 12 meters temperature dropped from 6.45(C to 5.04(C.  The maximum depth recorded was 12 meters.  A Maximum temperature of 23.23(C was recorded at the surface on the 27th of August 1999.  Dissolved oxygen was 9.1mg/L at the surface in August, 9.02mg/L at 3 meters, and 0.71 mg/L at 6 meters.  Dissolved oxygen was 10.87 mg/L at the surface in September, 10.24 mg/L at 3 meters, and 4.12 mg/L at 6 meters.  Dissolved oxygen concentrations > 5mg/l were recorded at 6 meters by the 28th of October.  Although mixing occurred during November, dissolved oxygen levels by the 23rd remained below 5 mg/l at 9 meters.  The February 9th sample showed low dissolved oxygen levels (5.81mg/L) at 6 meters.  Table 3.29 contains all water quality data collected for McCoy Lake.

Dissolved oxygen measurements were higher in 1999 than 1992.  In July and August of 1992 there was 7.5 mg/l dissolved oxygen at 3 meters and then dropped to near zero at 6 meters.  In August 1999 the dissolved oxygen was 9 mg/l at 3 meters and dropped again to near zero by 6-meters (Figure 3.13).  Suitable dissolved oxygen levels were found at 6 meters in October 1999 and extended to 9 meters in November 1999 through February 1999.  In 1992 dissolved oxygen levels were below 5 mg/l the entire month of October and November.  Fish, in the summer months, are limited to the upper 3-meters due to dissolved oxygen levels.

At McCoy Lake, “other Cladocera sp.” accounted for 76.5% of total zooplankton densities observed from September through November followed by copepods (20.9%) and Daphnia sp. (2.6%).  Corresponding mean biomass percentages for the groups Daphnia, “other Cladocera”, and Copepoda were 3.2%, 33.7%, and 63% respectively.  “Other Cladocera” made up 69.1% of total zooplankton densities in September, 84.5% in October, and 76% in November, while Copepod accounted for 20.9% of the total density and 63% of the total biomass for the three months sampled.  Tables 3.25 and 3.26 show the monthly density and biomass values based on species groups.  Table 3.19 lists the zooplankton species found in McCoy Lake.

Table 3.25
McCoy Lake mean zooplankton density (#/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	2,987.87
	43,188.29
	16,297.47
	62,473.62

	Oct. - 29
	543.25
	48,892.40
	8,420.36
	57,856.00

	Nov. - 23
	135.81
	15,075.16
	4,617.62
	19,828.58

	 
	 
	 
	 
	 

	Mean
	1,222.31
	35,718.61
	9,778.48
	46,719.40

	Percentage
	2.6%
	76.5%
	20.9%


Table 3.26
McCoy Lake mean zooplankton biomass ((g/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	13,798.98
	59,374.69
	121,705.87
	194,879.54

	Oct. - 29
	3,262.03
	100,555.73
	135,219.52
	239,037.28

	Nov. - 23
	2,046.08
	38,309.57
	113,709.32
	154,064.97

	 
	 
	 
	 
	 

	Mean
	6,369.03
	66,079.99
	123,544.91
	195,993.93

	Percentage
	3.2%
	33.7%
	63.0%
	


C. reticulata and L. ashlandi increased in size at McCoy Lake from September through November, 1999.  In September, average lengths for C. reticulata and L. Ashlandi were 0.61 mm and 1.04 mm respectively, while in November they were 0.84 mm and 1.64 mm.  All species of zooplankton decreased in abundance from September through November, 1999 (Tables 3.27 and 3.28), although C. reticulata showed peak abundance in October.

Table 3.27
Monthly mean zooplankton lengths by species and groups found in McCoy Lake 1999.

	Species
	September Mean Length
	October Mean Length
	November Mean Length

	
	
	
	 

	Daphnia
	
	
	 

	Daphnia pulex
	0.94 (n=11)
	1.06 (n=2)
	1.5 (n=1)

	
	
	
	 

	Other Cladocera
	
	
	 

	Alona quadrangularis
	0.36 (n=1)
	--
	--

	Ceriodaphnia reticulata
	0.61 (n=64)
	0.76 (n=75)
	0.84 (n=93)

	Diaphanosoma brachyurum
	0.49 (n=2)
	0.64 (n=1)
	--

	
	
	
	 

	Copepoda
	
	
	 

	Leptodiaptomus ashlandi
	1.04 (n=44)
	1.48 (n=21)
	1.64 (n=33)

	Nauplii
	0.26 (n=16)
	0.33 (n=7)
	0.4 (n=1)


Table 3.28
Combined mean zooplankton lengths (mm) by species for McCoy Lake in 1999.

	Species
	Combined   Mean Length
	Standard Deviation
	n
	Observed  Range

	
	
	
	
	

	Daphnia
	
	
	
	

	Daphnia pulex
	0.99
	0.25
	14
	(0.72 - 1.50)

	
	
	
	
	

	Other Cladocera
	
	
	
	

	Alona quadrangularis
	0.36
	--
	1
	(0.36)

	Ceriodaphnia reticulata
	0.75
	0.15
	232
	(0.38 - 0.98)

	Diaphanosoma brachyurum
	0.54
	0.23
	3
	(0.28 - 0.70)

	
	
	
	
	

	Copepoda
	
	
	
	

	Leptodiaptomus ashlandi
	1.34
	0.43
	98
	(0.46 - 1.88)

	Nauplii
	0.28
	0.10
	24
	(0.14 - 0.44)



McCoy Lake has the highest densities of zooplankton when compared to the Turtle, Benjamin, and Mathews Lakes.  High zooplankton production could be reducing oxygen within the lake.  Heaton et al.(1993) suggested that fish may be able to sustain lower than optimal dissolved oxygen levels and elevated temperatures because of the abundant food supply.  Temperatures of the epilimnion during the summer months exceeded levels for optimal fish growth.

Temperatures in McCoy Lake were similar to those collected by Heaton et al. (1993) in 1992 (Figure 3.12).  Although temperatures in August were higher in 1999 than in 1992, the thermocline remained at 3 meters.  In 1992, (Heaton et al. 1993), water column pH values ranged from 8.5 to 9.54 from 0 to 3 meters in every month except November.  Sampling in 1999/2000 showed an overall maximum of 8.63 at 6-meters in October and a minimum of 6.78 at 12 meters in September.  The euphotic zone, based on direct Secchi disk measurements, increased from an average of 2.7 meters in 1992 (Heaton et al. 1993) to an average of 13.81 in 1999 (Table 3.34).  

Table 3.29
Water quality measurements taken with a Hydrolab Surveyor 4 at McCoy Lake in 1999-2000.

	Date
	Depth  (m)
	Temp ((C)
	%D.O.
	D.O. (mg/L)
	Cond. mmho/cm
	TDG (mmHg)
	pH
	ORP (mV)

	8/27/99
	0
	23.23
	115.5
	9.1
	285
	820
	8.47
	152

	8/27/99
	3
	22.09
	112.1
	9.02
	284
	820
	8.53
	100

	8/27/99
	6
	6.85
	7.2
	0.71
	351
	821
	7.56
	54

	8/27/99
	9
	5.86
	3.1
	0.33
	373
	821
	7.29
	-69

	8/27/99
	12
	5.02
	2.5
	0.29
	390
	823
	6.98
	-235

	8/27/99
	15
	4.64
	1.5
	0.18
	458
	815
	6.91
	-167

	9/30/99
	0
	11.68
	108.6
	10.87
	315
	825
	8.48
	28

	9/30/99
	3
	11.47
	101.6
	10.24
	315
	824
	8.58
	19

	9/30/99
	6
	10.58
	39.8
	4.12
	355
	824
	7.61
	8

	9/30/99
	9
	3.93
	7.7
	1.02
	396
	824
	7.17
	-57

	9/30/99
	12
	2.95
	3
	0.4
	447
	822
	6.78
	-136

	10/28/99
	0
	9.19
	86.3
	9.03
	301
	826
	8.53
	22

	10/28/99
	3
	9.15
	76.6
	8.03
	302
	826
	8.63
	15

	10/28/99
	6
	9.08
	75.8
	7.96
	302
	826
	8.7
	6

	10/28/99
	9
	6.33
	4.5
	0.49
	380
	826
	7.33
	-155

	10/28/99
	12
	4.97
	2.5
	0.29
	430
	824
	7.1
	-181

	10/28/99
	14.2
	4.82
	2.3
	0.27
	456
	826
	7.01
	-185

	11/23/99
	0
	6.5
	62.9
	7.12
	309
	828
	8.22
	-63

	11/23/99
	3
	6.54
	60.8
	6.83
	309
	827
	8.29
	-87

	11/23/99
	6
	6.54
	56.7
	6.39
	309
	826
	8.2
	-86

	11/23/99
	9
	6.45
	48.6
	5.32
	316
	826
	8
	-96

	11/23/99
	12
	5.04
	2.4
	0.29
	437
	825
	7.27
	-2

	2/9/00
	0
	1.7
	70.9
	9.43
	320
	634
	8.38
	303

	2/9/00
	3
	3.52
	57.8
	7.23
	325
	633
	8.3
	301

	2/9/00
	6
	3.38
	47.4
	5.81
	333
	635
	8.29
	302

	2/9/00
	9
	3.48
	38.4
	4.88
	343
	636
	8.23
	303

	2/9/00
	12
	4.23
	11.5
	1.43
	399
	638
	7.72
	90

	2/9/00
	15
	4.9
	8.8
	1.04
	497
	640
	7.56
	23



[image: image12.wmf]Figure 

3.12

     McCoy Lake Temperature Profiles

0

2

4

6

8

10

12

14

16

0

5

10

15

20

25

Temperature (C)

Depth (m)

8/27/99

9/31/99

10/28/99

11/23/99

2/9/00



[image: image13.wmf]  Figure 

3.13

     McCoy Lake Dissolved Oxygen Profiles

0

2

4

6

8

10

12

14

16

0

2

4

6

8

10

12

Disslolved Oxygen (mg/l)

Depth (m)

8/27/99

9/30/99

10/28/99

11/23/99

2/9/00



3.8
TURTLE LAKE


Turtle Lake was stratified from August through October.  During November fall turnover occurred and the lake was isothermal the 23rd of November to 15 meters.  Although Woodward (1973) reported the maximum depth was 18 meters, sampling was limited to a 15-meter water quality cable.  Maximum surface temperature was recorded at 22.2(C the 27th of August.  August dissolved oxygen levels at the surface were 6.92 mg/L, 5.4 mg/L at 3 meters, and 0.87 mg/L at 6 meters.  Anoxia occurred at or below 6 meters in August and September.  By the 28th of October, 6.68 mg/L of dissolved oxygen existed at 6 meters and 5.71 mg/L was recorded at 12 meters in November at turnover.  At the surface, in February, dissolved oxygen was 7.31 mg/L and fell to 4.58 at 3 meters.  Conductivity throughout the water column remained relatively constant minus the dramatic increase at 15 meters in all the months sampled.  Average conductivity was 120 mmho/cm at 12 meters and increased to an average of 266 mmho/cm at 15 meters.  Table 3.35 contains the complete water quality data collected on Turtle Lake.


Overall, Turtle Lake had the lowest mean zooplankton densities when compared to Benjamin, McCoy, or Mathews Lakes.  Copepoda accounted for 89% of the total zooplankton density and 81.6% of the total zooplankton biomass.  At Turtle Lake from September through November, 1999 Daphnia sp. made up 10.8% of total zooplankton density and 18.3% of the total zooplankton biomass over the same period while “other Cladocera” accounted for 0.2% of the total density and 0.05% of the total biomass (Tables 3.30 and 3.31).  Table 3.19 lists zooplankton species found in Turtle Lake.

Table 3.30
Turtle Lake mean zooplankton density (#/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	5,126.91
	67.91
	8,097.80
	13,292.62

	Oct. - 29
	1,392.08
	33.95
	34,394.44
	35,820.47

	Nov. - 23
	950.69
	
	19,013.71
	19,964.40

	 
	 
	 
	 
	 

	Mean
	2,489.89
	50.93
	20,501.99
	23,025.83

	Percentage
	10.8%
	0.2%
	89.0%


Table 3.31
Turtle Lake mean zooplankton biomass ((g/m3) by taxonomic group and sample date for 1999.

	Sample Date
	Daphnia
	Other Cladocera
	Copepoda
	Total Zooplankton

	Sept. - 30
	32,406.46
	93.19
	37,503.75
	70,003.40

	Oct. - 29
	5,801.71
	16.79
	65,759.59
	71,578.09

	Nov. - 23
	2,506.94
	0.00
	77,797.54
	80,304.47

	 
	 
	 
	 
	 

	Mean
	13,571.70
	36.66
	60,353.63
	73,961.99

	Percentage
	18.3%
	0.05%
	81.6%
	



Turtle Lake showed a decrease in the mean size of D pulex from 1.09 mm in September to 0.75 mm in November (Tables 3.32 and 3.33).  D. pulex and D. rosea were more abundant in September than in the 2-months following.  The copepods, D. b. thomasi, L. ashlandi, peaked in abundance in October.  Both species of Daphnia found in Turtle Lake would be classified as “medium” in size.  All other zooplankton spp. were less than 1.0 mm in length and would be classified as “small”.  The average euphotic zone from August through November was 11.56 meters in 1999, and 10.94 meters in 1992.

Table 3.32
Monthly mean zooplankton lengths by species and groups in Turtle Lake 1999.

	Species
	September Mean Length
	October   Mean Length
	November Mean Length

	
	
	
	 

	Daphnia
	
	
	 

	Daphnia pulex
	1.09 (n=25)
	0.91 (n=4)
	0.75 (n=7)

	Daphnia rosea
	1.01 (n=73)
	0.98 (n=16)
	-- 

	
	
	
	 

	Other Cladocera
	
	
	 

	Bosmina longirostris
	0.62 (n=1)
	--
	-- 

	Diaphanosoma brachyurum
	--
	0.28 (n=1)
	-- 

	
	
	
	 

	Copepoda
	
	
	 

	Diacyclops bicus. thomasi
	0.38 (n=3)
	0.61 (n=11)
	0.54 (n=3)

	Epischura nevadensis
	--
	--
	0.46 (n=5)

	Leptodiaptomus ashlandi
	0.93 (n=69)
	0.7 (n=68)
	0.95 (n=57)

	Mesocyclops edax
	--
	0.68 (n=4)
	0.76 (n=2)

	Nauplii
	0.18 (n=65)
	0.17 (n=63)
	0.19 (n=55)


Table 3.33
Combined mean zooplankton lengths (mm) by species for Turtle Lake in 1999.

	Species
	Combined   Mean Length
	Standard Deviation
	n
	Observed  Range

	
	
	
	
	

	Daphnia
	
	
	
	

	Daphnia pulex
	1.00
	0.35
	36
	(0.52 - 1.64)

	Daphnia rosea
	1.01
	0.25
	89
	(0.48 - 1.58)

	
	
	
	
	

	Other Cladocera
	
	
	
	

	Bosmina longirostris
	0.28
	--
	1
	(0.28)

	Diaphanosoma brachyurum
	0.62
	--
	1
	(0.62)

	
	
	
	
	

	Copepoda
	
	
	
	

	Diacyclops bicus. thomasi
	0.56
	0.15
	17
	(0.32 - 0.80)

	Epischura nevadensis
	0.46
	0.03
	5
	(0.42 - 0.48)

	Leptodiaptomus ashlandi
	0.85
	0.36
	194
	(0.38 - 2.13)

	Mesocyclops edax
	0.70
	0.15
	6
	(0.42 - 0.80)

	Nauplii
	0.18
	0.06
	183
	(0.08 - 0.32)



Temperature profiles measured in 1999 from Turtle Lake were similar to those collected by Heaton et al. (1993) in 1992.  In 1999 the top 3 meters was slightly warmer in August when compared to 1992 although in June and July of 1992 similar maximum temperatures were recorded.  September 1999 temperatures were below those of September 1992.  Figures 3.14, and 3.15 show the relation of temperature and dissolved oxygen to depth.  Table 3.35 contains all data collected within Turtle Lake.  Dissolved oxygen at 6 meters was below 5 mg/l in June, July, and August 1992 as well as August and September in 1999.  In October, in 1992 and 1999, dissolved oxygen was above 5 mg/l at 6 meters and above 5 mg/l at 12 meters in November.  Surface dissolved oxygen was 10.69 mg/l in January 1993.  In February 2000, through the layer of ice, dissolved oxygen was 7.31 mg/l at the surface and 4.58 mg/l at 3 meters.  Based on these measurements, over-winter and summer habitat is limiting.


Heaton et al. (1993) suggested that the lake might possibly be meromictic due to the relative depth to surface area forming a chemocline near the bottom of the lake.  The lake was homoeothermic in November 1992 as well as in 1999.  Dissolved oxygen levels continued to remain low in November 1992 and 1999, indicative of incomplete mixing.  The chemocline was recognized due to the 3-fold increase in conductivity between the 12 to 15 meter depths.  In 1999 similar conductivity levels were found at the same depths.  Heaton et al. suggested that incomplete mixing could contribute to the low dissolved oxygen levels.  Figure 3.16 portrays the extent of the increase in conductivity throughout the water column in 1999.  


An aeration system was suggested by Heaton et al. (1993) and has proven successful in other Eastern Washington lakes.  The aerator would need to be placed so as not to disturb the chemocline or the nutrients on the bottom of the lake if they prove to be detrimental to fish health.  Aeration could increase available habitat and provide temperatures more conducive to certain salmonid species.

Table 3.34
Secchi disk measurements (m) taken at Benjamin, Mathews, McCoy, and Turtle Lakes in 1999.

	 
	Benjamin Lake
	Mathews Lake
	McCoy Lake
	Turtle Lake

	August
	4
	--
	5.5
	5

	September
	3.7
	3.8
	6.4
	5.4

	October
	2.2
	1.6
	4.7
	4.2

	November
	2.5
	2.1
	5.5
	3.9


Table 3.35 
Water quality measurements taken with a Hydrolab Surveyor 4 at Turtle Lake in 1999-2000.

	Date
	Depth  (m)
	Temp ((C)
	%D.O.
	D.O. (mg/L)
	Cond. mmho/cm
	TDG (mmHg)
	pH
	ORP (mV)

	8/27/99
	0
	22.2
	86.2
	6.92
	103
	825
	7.21
	55

	8/27/99
	3
	18.41
	62.2
	5.4
	103
	825
	6.8
	50

	8/27/99
	6
	7.39
	7.87
	0.87
	103
	823
	6.63
	-36

	8/27/99
	9
	5.08
	2.8
	0.33
	106
	823
	6.87
	-129

	8/27/99
	12
	4.4
	1.7
	0.21
	126
	818
	6.59
	-169

	8/27/99
	15
	4.5
	1.7
	0.22
	234
	820
	6.64
	-173

	9/30/99
	0
	12.95
	75
	7.27
	102
	828
	6.62
	24

	9/30/99
	3
	12.6
	73.3
	7.2
	101
	826
	6.64
	23

	9/30/99
	6
	9.99
	6.5
	0.72
	104
	825
	6.26
	-35

	9/30/99
	9
	5.29
	2.8
	0.33
	109
	826
	6.21
	-85

	9/30/99
	12
	4.53
	2
	0.24
	130
	826
	6.17
	-133

	9/30/99
	15
	4.59
	1.4
	0.17
	266
	824
	6.21
	-189

	10/28/99
	0
	7.47
	64.7
	7.07
	100
	827
	7.17
	31

	10/28/99
	3
	7.47
	62
	6.81
	100
	826
	7.26
	18

	10/28/99
	6
	7.44
	61.1
	6.68
	100
	827
	7.37
	9

	10/28/99
	9
	5.7
	5.3
	0.59
	110
	826
	6.79
	-68

	10/28/99
	12
	4.54
	3
	0.35
	137
	826
	6.71
	-126

	10/28/99
	15
	4.62
	2
	0.25
	284
	826
	6.71
	-127

	11/23/99
	0
	4.64
	48.9
	5.82
	102
	828
	7.42
	-85

	11/23/99
	3
	4.66
	47.7
	5.64
	102
	827
	7.4
	-92

	11/23/99
	6
	4.65
	47.7
	5.67
	102
	827
	7.44
	-93

	11/23/99
	9
	4.65
	48
	5.71
	102
	827
	7.39
	-89

	11/23/99
	12
	4.64
	48.1
	5.71
	102
	825
	7.34
	-83

	11/23/99
	15
	4.67
	3.8
	0.47
	303
	827
	6.9
	-134

	2/9/00
	0
	0.6
	52.8
	7.31
	103
	638
	7.86
	417

	2/9/00
	3
	3.35
	36.9
	4.58
	104
	632
	7.64
	415

	2/9/00
	6
	3.64
	32.9
	4.03
	105
	634
	7.58
	414

	2/9/00
	9
	3.77
	26.4
	3.28
	106
	635
	7.52
	415

	2/9/00
	12
	3.89
	19.7
	2.38
	107
	636
	7.49
	416

	2/9/00
	15
	4.6
	9.2
	1.1
	243
	637
	7.22
	196
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[image: image16.wmf]Figure 3.16    Conductivity Profiles of Turtle Lake
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4.0
ADDITIONAL NEEDS AND RECOMMENDATIONS 


Fish sampling will occur at the lower two reaches of Sand Creek identifying if there is passage from Lake Roosevelt into Sand Creek. Depending on issuance of a sampling permit, the upper reaches of Sand Creek will be surveyed for habitat and fish.  Temperature in Sand Creek will continue to be monitored to allow multi-year comparisons.

Snorkel index sites should be identified on Tshimikain Creek in addition to a study to assess fisheries populations repeating the previous study completed in 1986 and 1987(Scholz et al. 1988).  Stream temperature monitoring should continue at the lower most road crossing, at Ford, and at least one additional upper site at the northern reservation boundary.  Stevens County Conservation District has been conducting a study on Tshimikain that may provide information on further actions to taken within the watershed.

Benthic macroinvertebrates should continue to be sampled in the major fish bearing streams.  Additional samples should be taken in the spring and summer to assess seasonal assemblage changes.  All samples for each site will be combined to obtain averages for the year.  Previously sampled sites will remain constant with the addition of sites based on uncompleted coverage.  Sampling protocols for macroinvertebrates may change from a Hess sample/Lab processing to a kick sample/field processing to gain index information and reduce sampling time.

Lake sampling should occur at 1-meter intervals until dissolved oxygen drops below 5 mg/l after which 3-meter intervals will be used extending to the maximum depth.  The entire water column needs to be sampled in Turtle Lake to assess the extent of the possible chemocline.  Water quality samples need to be taken from the chemocline to assess the composition.  Relative abundance of fish should be collected using boat electroshocking and possibly gill nets as well as beach seines to reduce sampling gear bias.  Determination of the status of existing stocks would aid in future stocking efforts.

Secure additional funding to conduct a feasibility study limiting oxygen depletion in Turtle Lake and McCoy Lake.

Literature Cited

Barber, M.R., A.T. Scholz and K. O’Laughlin.  1988.  Predicting the effect of reduced stream flow on rainbow trout, brown trout and sculpin populations in Chamokane Creek using the Instream Flow Incremental Methodology (IFIM).  Upper Columbia United Tribes Fisheries Center Technical Report No. 12.

Barbour, M.T., J. Gerritsen, B.D. Snyder, and J.B. Stribling.  1999.  Rapid Bioassessment Protocols for Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and Fish, Second Edition.  EPA 841-B-002.  U.S. Environmental Protection Agency; Office of Water; Washington, D.C.

Barbour, M.T., J. Gerritsen, G.E. Griffith, R. Frydenborg, E. McCarron, J.S. White, and M.L. Bastian.  1996b.  A framework for biological criteria for Florida streams using benthic macroinvertebrates.  Journal of the North American Benthological Society 15(2):185-211.

Brooks, J.L.  1957.  The systematics of North American Daphnia.  Connecticut Academy of Arts and Sciences.  Vol. 13, New Haven, Connecticut.

Brooks, J.L. and S.I. Dodson.  1965.  Predation, body size, and composition of plankton.  Science 150:28-35.

Bottrell, H.H., A. Duncan, Z.M. Gliwicz, E. Grygierek, A. Herzig, A. Hillbricht-Ilkawska, H. Kurasawa, P. Larsson and T. Weglenska.  1976.  A review of some problems in zooplankton production studies.  Norw. J. Zool.  24:419-456.

Buchanan, J.P., J.V. Wozniewicz, and R.H. Lambeth.  1988.  Hydrogeology of the Chamokane Valley Aquifer system.  Upper Columbia United Tribes Fisheries Center, Technical Report No. 20.

Cairns, J., B. Lang, A.T. Scholz.  1988.  Further investigations on the impact of Midnight Mine effluent on the Benthic macroinvertebrate community in Blue Creek:  Trends in density and diversity of Benthic macroinvertebrate collected in pre-impact, impact and recovery zones.  Upper Columbia United Tribes Fisheries Center Technical Report No. 10.

DeShon, J.E.  1995.  Development and application of the invertebrate community index (ICI).  Pages 217-243 in W.S. Davis and T.P. Simon (editors).  Biological assessment and criteria:  Tools for water resource planning and decision making.  Lewis Publishers, Boca Raton, Florida.

Doughtie C., A.T. Scholz, H. Galloway, R. Peone, and D. Richards.  1993.  Annotated Bibliography of Information About Surface and Ground Water Quality and Quantity on the Spokane Indian Reservation, Including Reservation Boundary Waters on the Spokane River and Lake Roosevelt.  Upper Columbia United Tribes Fisheries Center Technical Report No. 40.

Downing, J.A. and F.H. Rigler.  1984.  A manual on methods for the assessment of secondary productivity in fresh waters.  2nd Ed. IBP Handbook No. 17:500.

Edmondson, W.T. (ed).  1959.  Fresh-water biology.  2nd edition.  John Wiley and Sons.  New York.

Epinosa, A.  1988.  Clearwater Stream Survey Methodology.  Clearwater National Forest, Orofino, Idaho.

Fore, L.S., J.R. Karr, and R.W. Wisseman.  1996.  Assessing invertebrate responses to human activities: Evaluating alternative approaches.  Journal of the North American Benthological Society 15(2): 212-231

Geist, D.R., T. Peone, M.R. Barber, A.T. Scholz and K. O’Laughlin.  1988.  Food habit analysis of rainbow trout and brown trout in Chamokane Creek in relation to availability of preferred prey.  Upper Columbia United Tribes Fisheries Center Technical Report No. 15.

Gilwicz, S.M. and J. Pizanowska.  1989.  The role of predation in zooplankton succession.  In: Sommer, V. (ed) Plankton ecology: Succession in planktonic communities. Springer, Berlin.  pp. 253-296.

Griffith, J.R. and A.T. Scholz.  1991.  Lake Roosevelt Fisheries Monitoring Program, Annual Report 1990.  Bonneville Power Administration.  Portland, OR. Project No. 88-63.

Hall, D.J., C.W. Burns, and P.H. Crowly.  1976.  The size-efficiency hypothesis and the size structure of zooplankton communities.  Annu. Rev. Ecol. Syst. 7:177-208.

Hrbacek, J.  1962.  Species composition and the amount of the zooplankton in relation to the fish stock.  Rozpr. Cesk. Akad. Ved. Rada. Mat. Pri. Ved 10:1-116.

Kerfoot, W.C. and A. Sih, editors.  1987.  Predation: direct and indirect impacts on aquatic communities.  University Press of New England, Hanover, New Hampshire, USA.

Lukas, M.J.,  1981.  Hydro-geologic study, Groundwater potential for domestic water wells on the Spokane Indian Reservation, Washington:  United States Department of Health and Human Services, Public Health Service, Indian Health Service Portland Area Office.

Merritt, R.W. and K.W. Cummins,  1996.  An Introduction to the Aquatic Insects of North America, 3rd Ed.  Kendall/Hunt Publishing Company, Dubuque, IA, 110-536 pp.

Navarre, R.J.  1974.  Factors affecting the status of trout populations in lower Chamokane Creek, Spokane Indian reservation, Stevens County, Washington.  Special Report.  Northwest Fisheries Program, Tumwater, Washington.  

O’Laughlin, K., M.R. Barber, and A.T. Scholz.  1988.  Water chemistry analysis of Chamokane Creek, Spokane Indian Reservation.  Upper Columbia United Tribes Fisheries Center, Technical Report No. 13.

O’Laughlin, K., M.R. Barber, A.T. Scholz, F. Gibson, and M. Weinand.  1988  An Instream Flow (IFIM) Analysis of Benthic Macroinvertebrates in Chamokane Creek, Spokane Indian Reservation.  Upper Columbia United Tribes Fisheries Center Technical Report No. 14. 

Pennak, R.W.  1989.  Freshwater invertebrates of the United States, 3rd ed.  Wiley and Sons, New York.

Plotnikoff, R.W.  1994.  Instream Biological Assessment Monitoring Protocols: Benthic Macroinvertebrates.  Environmental Investigations and Laboratory Services Ambient Monitoring Section Washington State Department of Ecology, Olympia, Washington.  pub. No. 94-113.

Rosgen, D.  1996.  Applied River Morphology. Wildland Hydrology, Colorado.

Ruttner-Kolisko, A.  1974.  Plankton Rotifers biology and taxonomy.  Die Binnengewasser, Stutgart. 26/1.

Scholz, A., T. Peone, M. Barber, J. Whalen, K. O’Laughlin, J. Uehara, and D. Geist.  1988.  Rainbow trout, brown trout, brook trout, mountain whitefish, piute sculpin and torrent sculpin population and production estimates for Chamokane Creek, Spokane Indian Reservation in 1986 and 1987.  Upper Columbia United Tribes Fisheries Center Technical Report No. 11.  

Smith, E.P., and J.R. Voshell, Jr.  1997.  Studies of Benthic Macroinvertebrates and Fish in Streams within EPA Region 3 for Development of Biological Indicators of Ecological Condition.  Virginia Polytechnic Institute and State University, Blacksburg, VA.

Stemberger, R.S.  1979.  A guide to rotifers of the Laurentian Great Lakes.  Environmental Monitoring and Support Laboratory, Office of ?Research and Development, U.S. Environmental Protection Agency, Cincinnati, Ohio.  EPA-600/4-79-021.

Stoffel, K.L., Joseph, N.L., Waggoner, S.Z., Gulick, C.W., Korosec, M.A., and Bunning, B.B..  1991.  Geologic map of Washington – northeast quadrant: Washington Division of Geology and Earth Resources, Olympia, Washington

Thorp, J.H. and A.P. Covitch.  1991.  Ecology and classification of North American freshwater invertebrates.  Academic Press, Inc., New York.

Uehara, J.K., T. Peone, M.R. Barber and A.T. Scholz.  1988.  Growth rates of brown trout and rainbow trout in Chamokane Creek in comparison to other trout streams in the Pacific Northwest.  Upper Columbia United Tribes Fisheries Center Technical Report No. 16.

Underwood, K.D., J.P. Shields and M.B. Tilson.  1997.  Lake Roosevelt Fisheries Monitoring Program, 1995 Annual Report in K.D. Underwood and J.P. Shields. Lake Roosevelt Fisheries and Limnological Research, 1995 Annual Report. Bonneville Power Administration. Portland, Oregon. Project No. 88-63

Underwood, K.D., J.P. Shields and M.B. Tilson.  1996.  Lake Roosevelt Fisheries Monitoring Program, 1994 Annual Report in K.D. Underwood and J.P. Shields. Lake Roosevelt Fisheries and Limnological Research, 1994 Annual Report. Bonneville Power Administration. Portland, Oregon. Project No. 88-63.

Wetzel, R.G.  1983.  Limnology.  Saunders College Publishing. New York

Woodward W.L.  1973.  Water Resources inventory of the Spokane Indian Reservation.

Woodward W.L.  1999.  Report of the Water Master.  October 1, 1998 to September 30, 1999, Chamokane Creek. 

PAGE  
75

_1025386557.xls
Benj Temp

		23.94		14.06		9.18		6.02		0.68

		21.18		13.63		8.91		6.02		3.35

		11.32		13.21		8.88		6		3.47

		7.34		7.29		7.93		5.98		3.74

		6.4



8/27/99

10/1/99

10/29/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

Figure 3.8     Benjamin Lake Temperature Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12



Mat Temp

		21.05		13.69		8.75		5.37		1.29

		16.7		13.14		8.31		5.37		3.57

		8.09		13.01		8.28		5.38		3.85

				12.93



8/30/99

10/1/99

10/29/99

11/23/99

2/18/00

Temperature (C)

Depth (m)

Mathews Lake Temperature Profiles

0

0

0

0

0

3

1.5

3

3

3

6

3

6

5.5

6

4.5



McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52

		6.85		10.58		9.08		6.54		3.38

		5.86		3.93		6.33		6.45		3.48

		5.02		2.95		4.97		5.04		4.23

		4.64								4.9



8/27/99

9/31/99

10/28/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

McCoy Lake Temperature Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15



Turtle Temp

		22.2		12.95		7.47		4.64		0.6

		18.41		12.6		7.47		4.66		3.35

		7.39		9.99		7.44		4.65		3.64

		5.08		5.29		5.7		4.65		3.77

		4.4		4.53		4.54		4.64		3.89

		4.5		4.59		4.62		4.67		4.6



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

Turtle Lake Temperature Profile

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Benj DO

		7.57		8.26		6.67		5.25		8.55

		5.17		7.75		6.35		5.46		6.47

		3.54		5.37		6.41		5.49		5.11

		0.8		0.25		0.49		5.35		2.7

		0.18



8/27/99

10/1/99

10/29/99

11/23/99

2/9/00

Dissolved Oxygen (mg/l)

Depth (m)

Benjamin Lake DO Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12



Mat DO

		5.42		4.89		5.65		4.35		13.91

		2.42		4.42		3.94		3.89		3.05

		0.24		4.23		3.55		3.7		1.46

				3.85



8/30/99

10/1/99

10/29/99

11/23/99

2/18/00

Dissolved Oxygen (mg/l)

Depth (m)

Mathews Lake DO Profiles

0

0

0

0

0

3

1.5

3

3

3

6

3

6

5.5

6

4.5



McCoy DO

		9.1		10.87		9.03		7.12		9.43

		9.02		10.24		8.03		6.83		7.23

		0.71		4.12		7.96		6.39		5.81

		0.33		1.02		0.49		5.32		4.88

		0.29		0.4		0.29		0.29		1.43

		0.18				0.27				1.04



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Disslolved Oxygen (mg/l)

Depth (m)

McCoy Lake DO Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

14.2

15



Turtle DO

		6.92		7.27		7.07		5.82		7.31

		5.4		7.2		6.81		5.64		4.58

		0.87		0.72		6.68		5.67		4.03

		0.33		0.33		0.59		5.71		3.28

		0.21		0.24		0.35		5.71		2.38

		0.22		0.17		0.25		0.47		1.1



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Dissolved Oxygen (mg/l)

Depth (m)

Turtle Lake DO Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Turtle Cond

		103		102		100		102		103

		103		101		100		102		104

		103		104		100		102		105

		106		109		110		102		106

		126		130		137		102		107

		234		266		284		303		243



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Conductivity (mmho/cm)

Depth (m)

Conductivity in Turtle Lake

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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Figure 3.2	Upper Sand Creek; reaches 2 through 5
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Figure 3.5	Lower Sand Creek; reaches 9 through 11












_1025542616.xls
Benj Temp

		23.94		14.06		9.18		6.02		0.68

		21.18		13.63		8.91		6.02		3.35

		11.32		13.21		8.88		6		3.47

		7.34		7.29		7.93		5.98		3.74

		6.4



8/27/99

10/1/99

10/29/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

Benjamin Lake Temperature Profile

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12



Mat Temp

		21.05		13.69		8.75		5.37		1.29

		16.7		13.14		8.31		5.37		3.57

		8.09		13.01		8.28		5.38		3.85

				12.93



8/30/99

10/1/99

10/29/99

11/23/99

2/18/00

Temperature (C)

Depth (m)

Mathews Lake Temperature Profiles

0

0

0

0

0

3

1.5

3

3

3

6

3

6

5.5

6

4.5



McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52

		6.85		10.58		9.08		6.54		3.38

		5.86		3.93		6.33		6.45		3.48

		5.02		2.95		4.97		5.04		4.23

		4.64								4.9



8/27/99

9/31/99

10/28/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

McCoy Lake Temperature Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15



Turtle Temp

		22.2		12.95		7.47		4.64		0.6

		18.41		12.6		7.47		4.66		3.35

		7.39		9.99		7.44		4.65		3.64

		5.08		5.29		5.7		4.65		3.77

		4.4		4.53		4.54		4.64		3.89

		4.5		4.59		4.62		4.67		4.6



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

Turtle Lake Temperature Profile

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Benj DO

		7.57		8.26		6.67		5.25		8.55

		5.17		7.75		6.35		5.46		6.47

		3.54		5.37		6.41		5.49		5.11

		0.8		0.25		0.49		5.35		2.7

		0.18



8/27/99

10/1/99

10/29/99

11/23/99

2/9/00

Dissolved Oxygen (mg/l)

Depth (m)

Benjamin Lake DO Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12



Mat DO

		5.42		4.89		5.65		4.35		13.91

		2.42		4.42		3.94		3.89		3.05

		0.24		4.23		3.55		3.7		1.46

				3.85



8/30/99

10/1/99

10/29/99

11/23/99

2/18/00

Dissolved Oxygen (mg/l)

Depth (m)

Mathews Lake DO Profiles

0

0

0

0

0

3

1.5

3

3

3

6

3

6

5.5

6

4.5



McCoy DO

		9.1		10.87		9.03		7.12		9.43

		9.02		10.24		8.03		6.83		7.23

		0.71		4.12		7.96		6.39		5.81

		0.33		1.02		0.49		5.32		4.88

		0.29		0.4		0.29		0.29		1.43

		0.18				0.27				1.04



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Disslolved Oxygen (mg/l)

Depth (m)

McCoy Lake DO Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

14.2

15



Turtle DO

		6.92		7.27		7.07		5.82		7.31

		5.4		7.2		6.81		5.64		4.58

		0.87		0.72		6.68		5.67		4.03

		0.33		0.33		0.59		5.71		3.28

		0.21		0.24		0.35		5.71		2.38

		0.22		0.17		0.25		0.47		1.1



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Dissolved Oxygen (mg/l)

Depth (m)

Figure 3.15     Turtle Lake Dissolved Oxygen Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Turtle Cond

		103		102		100		102		103

		103		101		100		102		104

		103		104		100		102		105

		106		109		110		102		106

		126		130		137		102		107

		234		266		284		303		243



8/27/99

9/30/99

10/28/99

11/23/99

2/9/00

Conductivity (mmho/cm)

Depth (m)

Conductivity in Turtle Lake

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15

15

15

15



Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52

		6.85		10.58		9.08		6.54		3.38
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Turtle Temp

		22.2		12.95		7.47		4.64		0.6

		18.41		12.6		7.47		4.66		3.35

		7.39		9.99		7.44		4.65		3.64

		5.08		5.29		5.7		4.65		3.77

		4.4		4.53		4.54		4.64		3.89

		4.5		4.59		4.62		4.67		4.6
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Figure 3.14     Turtle Lake Temperature Profiles
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Benj DO

		7.57		8.26		6.67		5.25		8.55

		5.17		7.75		6.35		5.46		6.47
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9
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																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52
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Turtle Temp

		22.2		12.95		7.47		4.64		0.6

		18.41		12.6		7.47		4.66		3.35

		7.39		9.99		7.44		4.65		3.64

		5.08		5.29		5.7		4.65		3.77

		4.4		4.53		4.54		4.64		3.89

		4.5		4.59		4.62		4.67		4.6
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Benj DO

		7.57		8.26		6.67		5.25		8.55

		5.17		7.75		6.35		5.46		6.47

		3.54		5.37		6.41		5.49		5.11

		0.8		0.25		0.49		5.35		2.7
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		9.1		10.87		9.03		7.12		9.43

		9.02		10.24		8.03		6.83		7.23

		0.71		4.12		7.96		6.39		5.81
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Turtle DO

		6.92		7.27		7.07		5.82		7.31

		5.4		7.2		6.81		5.64		4.58

		0.87		0.72		6.68		5.67		4.03

		0.33		0.33		0.59		5.71		3.28

		0.21		0.24		0.35		5.71		2.38

		0.22		0.17		0.25		0.47		1.1
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Turtle Cond

		103		102		100		102		103

		103		101		100		102		104

		103		104		100		102		105

		106		109		110		102		106

		126		130		137		102		107

		234		266		284		303		243
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Figure 3.16    Conductivity Profiles of Turtle Lake
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74






_1025389432.doc
[image: image1.png]





( Fish Sample Site



( Temperature Logger



Flag – Reach Break







Figure 3.3	Middle Sand Creek; reaches 5 through 8.
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5
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				2/9/00		0		0.68

				2/9/00		3		3.35
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Turtle DO
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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Mat Temp

		21.05		13.69		8.75		5.37		1.29
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McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52

		6.85		10.58		9.08		6.54		3.38
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Turtle Temp

		22.2		12.95		7.47		4.64		0.6

		18.41		12.6		7.47		4.66		3.35

		7.39		9.99		7.44		4.65		3.64

		5.08		5.29		5.7		4.65		3.77

		4.4		4.53		4.54		4.64		3.89

		4.5		4.59		4.62		4.67		4.6
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Benj DO

		7.57		8.26		6.67		5.25		8.55

		5.17		7.75		6.35		5.46		6.47
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		9.1		10.87		9.03		7.12		9.43

		9.02		10.24		8.03		6.83		7.23
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Figure 3.13     McCoy Lake Dissolved Oxygen Profiles
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Turtle DO

		6.92		7.27		7.07		5.82		7.31

		5.4		7.2		6.81		5.64		4.58
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74






_1025387521.xls
Benj Temp

		23.94		14.06		9.18		6.02		0.68

		21.18		13.63		8.91		6.02		3.35

		11.32		13.21		8.88		6		3.47

		7.34		7.29		7.93		5.98		3.74

		6.4



8/27/99

10/1/99

10/29/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

Benjamin Lake Temperature Profile

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12



Mat Temp

		21.05		13.69		8.75		5.37		1.29

		16.7		13.14		8.31		5.37		3.57

		8.09		13.01		8.28		5.38		3.85

				12.93



8/30/99

10/1/99

10/29/99

11/23/99

2/18/00

Temperature (C)

Depth (m)

Mathews Lake Temperature Profiles

0

0

0

0

0

3

1.5

3

3

3

6

3

6

5.5

6

4.5



McCoy Temp

		23.23		11.68		9.19		6.5		1.7

		22.09		11.47		9.15		6.54		3.52

		6.85		10.58		9.08		6.54		3.38

		5.86		3.93		6.33		6.45		3.48

		5.02		2.95		4.97		5.04		4.23

		4.64								4.9



8/27/99

9/31/99

10/28/99

11/23/99

2/9/00

Temperature (C)

Depth (m)

McCoy Lake Temperature Profiles

0

0

0

0

0

3

3

3

3

3

6

6

6

6

6

9

9

9

9

9

12

12

12

12

12

15

15



Turtle Temp
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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Sheet1

				Lake		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		Turb.		TDG		pH		ORP		TDS		Zooplankton		Flourometer		Secchi		BP

		1		Benjamin		8/27/99		0		23.94		97.9		7.57		435		0		820		7.95		67		0.278		n		n		4		685.7

		6		Benjamin		8/27/99		3		21.18		62.8		5.17		440		0		822		7.6		80		0.281		n		n		4		685.7

		11		Benjamin		8/27/99		6		11.32		33.9		3.54		479		0		824		7.51		51		0.307		n		n		4		685.7

		16		Benjamin		8/27/99		9		7.34		7.2		0.8		484		22.9		821		7.27		13		0.312		n		n		4		685.7

		21		Benjamin		8/27/99		12		6.4		1.6		0.18		491		42.8		817		7.03		-69		0.315		n		n		4		685.7

		2		Benjamin		10/1/99		0		14.06		88.2		8.26		441		2.5		823		7.52		70		0.282		y		n		3.7		703.3

		7		Benjamin		10/1/99		3		13.63		81.8		7.75		441		0		824		7.73		40		0.282		y		n		3.7		703.3

		12		Benjamin		10/1/99		6		13.21		56.3		5.37		449		0		824		7.47		24		0.289		y		n		3.7		703.3

		17		Benjamin		10/1/99		9		7.29		2.4		0.25		485		9.8		826		6.91		-140		0.312		y		n		3.7		703.3

		3		Benjamin		10/29/99		0		9.18		63.7		6.67		446		0		825		7.99		65		0.286		y		n		2.2		707

		8		Benjamin		10/29/99		3		8.91		60.3		6.35		447		0		826		8.05		54		0.286		y		n		2.2		707

		13		Benjamin		10/29/99		6		8.88		60.8		6.41		447		0		826		8.01		51		0.286		y		n		2.2		707

		18		Benjamin		10/29/99		9		7.93		4.5		0.49		492		6		824		7.2		-66		0.315		y		n		2.2		707

		4		Benjamin		11/23/99		0		6.02		45.7		5.25		447		2.7		827		7.86		12		0.286		y		1.47		2.5		717.2

		9		Benjamin		11/23/99		3		6.02		47.7		5.46		447		3.3		827		7.97		-1		0.286		y		1.5		2.5		717.2

		14		Benjamin		11/23/99		6		6		47.9		5.49		447		3.1		827		7.93		-2		0.286		y		1.48		2.5		717.2

		19		Benjamin		11/23/99		9		5.98		46.7		5.35		447		3		827		7.91		-1		0.286		y		y		2.5		717.2

		5		Benjamin		2/9/00		0		0.68		65		8.55		443		0.9		630		8.44		288		0.283		n		n		n		703.3

		10		Benjamin		2/9/00		3		3.35		52.6		6.47		445		0.1		634		8.4		287		0.285		n		n		n		703.3

		15		Benjamin		2/9/00		6		3.47		41.7		5.11		450		0.2		638		8.3		288		0.288		n		n		n		703.3

		20		Benjamin		2/9/00		9		3.74		21.7		2.7		456		0.4		639		8.18		284		0.291		n		n		n		703.3

		22		Mathews		8/30/99		0		21.05		66		5.42		300		0		829		7.19		22		0.192		y		n				690.2

		28		Mathews		8/30/99		3		16.7		28.2		2.42		322		0		827		6.85		-16		0.208		y		n				690.2

		35		Mathews		8/30/99		6		8.09		2.2		0.24		431		27.1		820		6.99		-151		0.283		y		n				690.2

		23		Mathews		10/1/99		0		13.69		52.1		4.89		310		0		824		6.84		37		0.198		y		n		3.8		703.3

		27		Mathews		10/1/99		1.5		13.14		46.2		4.42		309		0		824		7.04		12		0.198		y		n		3.8		703.3

		29		Mathews		10/1/99		3		13.01		44.3		4.23		309		0		824		7.09		2		0.198		y		n		3.8		703.3

		33		Mathews		10/1/99		4.5		12.93		40.1		3.85		309		0		824		7.09		-10		0.198		y		n		3.8		703.3

		24		Mathews		10/29/99		0		8.75		53.5		5.65		314		6.3		825		7.34		26		0.201		y		n		1.6		704

		30		Mathews		10/29/99		3		8.31		36.9		3.94		314		3.6		825		7.42		14		0.201		y		n		1.6		704

		36		Mathews		10/29/99		6		8.28		33.4		3.55		315		4		825		7.51		2		0.201		y		n		1.6		704

		25		Mathews		11/23/99		0		5.37		37.5		4.35		314		6.7		825		7.58		-2		0.201		y		1.04		2.1		715.5

		31		Mathews		11/23/99		3		5.37		33.4		3.89		315		8.3		826		7.61		-14		0.201		y		(2) 1.05		2.1		715.5

		34		Mathews		11/23/99		5.5		5.38		31.6		3.7		315		9.5		826		7.67		-19		0.201		y		(4) 1.24		2.1		715.5

		26		Mathews		2/18/00		0		1.29		105.9		13.91		306		1		628		8.48		455		0.196		n		n		n		711.7

		32		Mathews		2/18/00		3		3.57		25.2		3.05		315		0		633		8.03		457		0.202		n		n		n		711.7

		37		Mathews		2/18/00		6		3.85		12.2		1.46		330		23.9		637		7.84		330		0.212		n		n		n		711.7

		38		McCoy		8/27/99		0		23.23		115.5		9.1		285		0		820		8.47		152		0.182		n		n		5.5		703.3

		43		McCoy		8/27/99		3		22.09		112.1		9.02		284		0		820		8.53		100		0.182		n		n		5.5		703.3

		48		McCoy		8/27/99		6		6.85		7.2		0.71		351		0		821		7.56		54		0.224		n		n		5.5		703.3

		53		McCoy		8/27/99		9		5.86		3.1		0.33		373		22.4		821		7.29		-69		0.238		n		n		5.5		703.3

		58		McCoy		8/27/99		12		5.02		2.5		0.29		390		0		823		6.98		-235		0.249		n		n		5.5		703.3

		64		McCoy		8/27/99		15		4.64		1.5		0.18		458		0		815		6.91		-167		0.294		n		n		5.5		703.3

		39		McCoy		9/30/99		0		11.68		108.6		10.87		315		127.4		825		8.48		28		0.202		y		n		6.4		717.7

		44		McCoy		9/30/99		3		11.47		101.6		10.24		315		2.6		824		8.58		19		0.202		y		n		6.4		717.7

		49		McCoy		9/30/99		6		10.58		39.8		4.12		355		0		824		7.61		8		0.227		y		n		6.4		717.7

		54		McCoy		9/30/99		9		3.93		7.7		1.02		396		19.6		824		7.17		-57		0.256		y		n		6.4		717.7

		59		McCoy		9/30/99		12		2.95		3		0.4		447		5.2		822		6.78		-136		0.286		y		n		6.4		717.7

		40		McCoy		10/28/99		0		9.19		86.3		9.03		301		0		826		8.53		22		0.193		y		n		4.7		708.8

		45		McCoy		10/28/99		3		9.15		76.6		8.03		302		0		826		8.63		15		0.193		y		n		4.7		708.8

		50		McCoy		10/28/99		6		9.08		75.8		7.96		302		0		826		8.7		6		0.193		y		n		4.7		708.8

		55		McCoy		10/28/99		9		6.33		4.5		0.49		380		5.6		826		7.33		-155		0.243		y		n		4.7		708.8

		60		McCoy		10/28/99		12		4.97		2.5		0.29		430		0		824		7.1		-181		0.275		y		n		4.7		708.8

		63		McCoy		10/28/99		14.2		4.82		2.3		0.27		456		0.1		826		7.01		-185		0.291		y		n		4.7		708.8

		41		McCoy		11/23/99		0		6.5		62.9		7.12		309		2.3		828		8.22		-63		0.197		y		1.1		5.5		729.3

		46		McCoy		11/23/99		3		6.54		60.8		6.83		309		1.7		827		8.29		-87		0.198		y		1.07		5.5		729.3

		51		McCoy		11/23/99		6		6.54		56.7		6.39		309		2.1		826		8.2		-86		0.198		y		1.05		5.5		729.3

		56		McCoy		11/23/99		9		6.45		48.6		5.32		316		3		826		8		-96		0.202		y		0.969		5.5		729.3

		61		McCoy		11/23/99		12		5.04		2.4		0.29		437		6.9		825		7.27		-2		0.279		y		y		5.5		729.3

		42		McCoy		2/9/00		0		1.7		70.9		9.43		320		0		634		8.38		303		0.206		n		n		n		719.4

		47		McCoy		2/9/00		3		3.52		57.8		7.23		325		0		633		8.3		301		0.208		n		n		n		719.4

		52		McCoy		2/9/00		6		3.38		47.4		5.81		333		0		635		8.29		302		0.213		n		n		n		719.4

		57		McCoy		2/9/00		9		3.48		38.4		4.88		343		0		636		8.23		303		0.219		n		n		n		719.4

		62		McCoy		2/9/00		12		4.23		11.5		1.43		399		4.8		638		7.72		90		0.254		n		n		n		719.4

		65		McCoy		2/9/00		15		4.9		8.8		1.04		497		10.3		640		7.56		23		0.318		n		n		n		719.4

		66		Turtle		8/27/99		0		22.2		86.2		6.92		103		23.7		825		7.21		55		0.066		n		n		5		680

		71		Turtle		8/27/99		3		18.41		62.2		5.4		103		0		825		6.8		50		0.067		n		n		5		680

		76		Turtle		8/27/99		6		7.39		7.87		0.87		103		0		823		6.63		-36		0.066		n		n		5		680

		81		Turtle		8/27/99		9		5.08		2.8		0.33		106		0		823		6.87		-129		0.068		n		n		5		680

		86		Turtle		8/27/99		12		4.4		1.7		0.21		126		0		818		6.59		-169		0.081		n		n		5		680

		91		Turtle		8/27/99		15		4.5		1.7		0.22		234		0		820		6.64		-173		0.153		n		n		5		680

		67		Turtle		9/30/99		0		12.95		75		7.27		102		2		828		6.62		24		0.065		y		n		5.4		698.8

		72		Turtle		9/30/99		3		12.6		73.3		7.2		101		0		826		6.64		23		0.065		y		n		5.4		698.8

		77		Turtle		9/30/99		6		9.99		6.5		0.72		104		0		825		6.26		-35		0.067		y		n		5.4		698.8

		82		Turtle		9/30/99		9		5.29		2.8		0.33		109		4.1		826		6.21		-85		0.07		y		n		5.4		698.8

		87		Turtle		9/30/99		12		4.53		2		0.24		130		0.6		826		6.17		-133		0.085		y		n		5.4		698.8

		92		Turtle		9/30/99		15		4.59		1.4		0.17		266		2.8		824		6.21		-189		0.166		y		n		5.4		698.8

		68		Turtle		10/28/99		0		7.47		64.7		7.07		100		0		827		7.17		31		0.064		y		0.398		4.2		690.5

		73		Turtle		10/28/99		3		7.47		62		6.81		100		0		826		7.26		18		0.064		y		0.335		4.2		690.5

		78		Turtle		10/28/99		6		7.44		61.1		6.68		100		0		827		7.37		9		0.064		y		0.307		4.2		690.5

		83		Turtle		10/28/99		9		5.7		5.3		0.59		110		0		826		6.79		-68		0.07		y		0.47		4.2		690.5

		88		Turtle		10/28/99		12		4.54		3		0.35		137		0		826		6.71		-126		0.089		y		y		4.2		690.5

		93		Turtle		10/28/99		15		4.62		2		0.25		284		0		826		6.71		-127		0.182		y		y		4.2		690.5

		69		Turtle		11/23/99		0		4.64		48.9		5.82		102		2.6		828		7.42		-85		0.065		y		0.487		3.9		712.1

		74		Turtle		11/23/99		3		4.66		47.7		5.64		102		2.8		827		7.4		-92		0.065		y		0.486		3.9		712.1

		79		Turtle		11/23/99		6		4.65		47.7		5.67		102		2.7		827		7.44		-93		0.065		y		0.472		3.9		712.1

		84		Turtle		11/23/99		9		4.65		48		5.71		102		2.8		827		7.39		-89		0.065		y		0.503		3.9		712.1

		89		Turtle		11/23/99		12		4.64		48.1		5.71		102		2.7		825		7.34		-83		0.065		y		y		3.9		712.1

		94		Turtle		11/23/99		15		4.67		3.8		0.47		303		6.1		827		6.9		-134		0.195		y		y		3.9		712.1

		70		Turtle		2/9/00		0		0.6		52.8		7.31		103		0		638		7.86		417		0.066		n		n		n		696.7

		75		Turtle		2/9/00		3		3.35		36.9		4.58		104		0		632		7.64		415		0.066		n		n		n		696.7

		80		Turtle		2/9/00		6		3.64		32.9		4.03		105		0		634		7.58		414		0.067		n		n		n		696.7

		85		Turtle		2/9/00		9		3.77		26.4		3.28		106		0		635		7.52		415		0.068		n		n		n		696.7

		90		Turtle		2/9/00		12		3.89		19.7		2.38		107		0		636		7.49		416		0.069		n		n		n		696.7

		95		Turtle		2/9/00		15		4.6		9.2		1.1		243		0		637		7.22		196		0.156		n		n		n		696.7
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Sheet2

		

				Secchi Depths

				Benjamin Lake		Mathews Lake		McCoy Lake		Turtle Lake

		August		4				5.5		5

		September		3.7		3.8		6.4		5.4

		October		2.2		1.6		4.7		4.2

		November		2.5		2.1		5.5		3.9





Sheet3

		

																																																														benjamin lake

								Mathews Lake																						McCoy Lake																				turtle lake

		Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP				Date		Depth(m)		Temp		%D.O.		D.O.		Cond.		TDG		pH		ORP

		8/30/99		0		21.05		66		5.42		300		829		7.19		22				8/27/99		0		23.23		115.5		9.1		285		820		8.47		152				8/27/99		0		22.2		86.2		6.92		103		825		7.21		55				8/27/99		0		23.94		97.9		7.57		435		820		7.95		67

		8/30/99		3		16.7		28.2		2.42		322		827		6.85		-16				8/27/99		3		22.09		112.1		9.02		284		820		8.53		100				8/27/99		3		18.41		62.2		5.4		103		825		6.8		50				8/27/99		3		21.18		62.8		5.17		440		822		7.6		80

		8/30/99		6		8.09		2.2		0.24		431		820		6.99		-151				8/27/99		6		6.85		7.2		0.71		351		821		7.56		54				8/27/99		6		7.39		7.87		0.87		103		823		6.63		-36				8/27/99		6		11.32		33.9		3.54		479		824		7.51		51

		10/1/99		0		13.69		52.1		4.89		310		824		6.84		37				8/27/99		9		5.86		3.1		0.33		373		821		7.29		-69				8/27/99		9		5.08		2.8		0.33		106		823		6.87		-129				8/27/99		9		7.34		7.2		0.8		484		821		7.27		13

		10/1/99		3		13.01		44.3		4.23		309		824		7.09		2				8/27/99		12		5.02		2.5		0.29		390		823		6.98		-235				8/27/99		12		4.4		1.7		0.21		126		818		6.59		-169				8/27/99		12		6.4		1.6		0.18		491		817		7.03		-69

		10/1/99		4.5		12.93		40.1		3.85		309		824		7.09		-10				8/27/99		15		4.64		1.5		0.18		458		815		6.91		-167				8/27/99		15		4.5		1.7		0.22		234		820		6.64		-173				10/1/99		0		14.06		88.2		8.26		441		823		7.52		70

		10/29/99		0		8.75		53.5		5.65		314		825		7.34		26				9/30/99		0		11.68		108.6		10.87		315		825		8.48		28				9/30/99		0		12.95		75		7.27		102		828		6.62		24				10/1/99		3		13.63		81.8		7.75		441		824		7.73		40

		10/29/99		3		8.31		36.9		3.94		314		825		7.42		14				9/30/99		3		11.47		101.6		10.24		315		824		8.58		19				9/30/99		3		12.6		73.3		7.2		101		826		6.64		23				10/1/99		6		13.21		56.3		5.37		449		824		7.47		24

		10/29/99		6		8.28		33.4		3.55		315		825		7.51		2				9/30/99		6		10.58		39.8		4.12		355		824		7.61		8				9/30/99		6		9.99		6.5		0.72		104		825		6.26		-35				10/1/99		9		7.29		2.4		0.25		485		826		6.91		-140

		11/23/99		0		5.37		37.5		4.35		314		825		7.58		-2				9/30/99		9		3.93		7.7		1.02		396		824		7.17		-57				9/30/99		9		5.29		2.8		0.33		109		826		6.21		-85				10/29/99		0		9.18		63.7		6.67		446		825		7.99		65

		11/23/99		3		5.37		33.4		3.89		315		826		7.61		-14				9/30/99		12		2.95		3		0.4		447		822		6.78		-136				9/30/99		12		4.53		2		0.24		130		826		6.17		-133				10/29/99		3		8.91		60.3		6.35		447		826		8.05		54

		11/23/99		5.5		5.38		31.6		3.7		315		826		7.67		-19				10/28/99		0		9.19		86.3		9.03		301		826		8.53		22				9/30/99		15		4.59		1.4		0.17		266		824		6.21		-189				10/29/99		6		8.88		60.8		6.41		447		826		8.01		51

		2/18/00		0		1.29		105.9		13.91		306		628		8.48		455				10/28/99		3		9.15		76.6		8.03		302		826		8.63		15				10/28/99		0		7.47		64.7		7.07		100		827		7.17		31				10/29/99		9		7.93		4.5		0.49		492		824		7.2		-66

		2/18/00		3		3.57		25.2		3.05		315		633		8.03		457				10/28/99		6		9.08		75.8		7.96		302		826		8.7		6				10/28/99		3		7.47		62		6.81		100		826		7.26		18				11/23/99		0		6.02		45.7		5.25		447		827		7.86		12

		2/18/00		6		3.85		12.2		1.46		330		637		7.84		330				10/28/99		9		6.33		4.5		0.49		380		826		7.33		-155				10/28/99		6		7.44		61.1		6.68		100		827		7.37		9				11/23/99		3		6.02		47.7		5.46		447		827		7.97		-1

																						10/28/99		12		4.97		2.5		0.29		430		824		7.1		-181				10/28/99		9		5.7		5.3		0.59		110		826		6.79		-68				11/23/99		6		6		47.9		5.49		447		827		7.93		-2

																						10/28/99		14.2		4.82		2.3		0.27		456		826		7.01		-185				10/28/99		12		4.54		3		0.35		137		826		6.71		-126				11/23/99		9		5.98		46.7		5.35		447		827		7.91		-1

																						11/23/99		0		6.5		62.9		7.12		309		828		8.22		-63				10/28/99		15		4.62		2		0.25		284		826		6.71		-127				2/9/00		0		0.68		65		8.55		443		630		8.44		288

																						11/23/99		3		6.54		60.8		6.83		309		827		8.29		-87				11/23/99		0		4.64		48.9		5.82		102		828		7.42		-85				2/9/00		3		3.35		52.6		6.47		445		634		8.4		287

																						11/23/99		6		6.54		56.7		6.39		309		826		8.2		-86				11/23/99		3		4.66		47.7		5.64		102		827		7.4		-92				2/9/00		6		3.47		41.7		5.11		450		638		8.3		288

																						11/23/99		9		6.45		48.6		5.32		316		826		8		-96				11/23/99		6		4.65		47.7		5.67		102		827		7.44		-93				2/9/00		9		3.74		21.7		2.7		456		639		8.18		284

																						11/23/99		12		5.04		2.4		0.29		437		825		7.27		-2				11/23/99		9		4.65		48		5.71		102		827		7.39		-89

																						2/9/00		0		1.7		70.9		9.43		320		634		8.38		303				11/23/99		12		4.64		48.1		5.71		102		825		7.34		-83

																						2/9/00		3		3.52		57.8		7.23		325		633		8.3		301				11/23/99		15		4.67		3.8		0.47		303		827		6.9		-134

																						2/9/00		6		3.38		47.4		5.81		333		635		8.29		302				2/9/00		0		0.6		52.8		7.31		103		638		7.86		417

																						2/9/00		9		3.48		38.4		4.88		343		636		8.23		303				2/9/00		3		3.35		36.9		4.58		104		632		7.64		415

																						2/9/00		12		4.23		11.5		1.43		399		638		7.72		90				2/9/00		6		3.64		32.9		4.03		105		634		7.58		414

																						2/9/00		15		4.9		8.8		1.04		497		640		7.56		23				2/9/00		9		3.77		26.4		3.28		106		635		7.52		415

																																										2/9/00		12		3.89		19.7		2.38		107		636		7.49		416

																																										2/9/00		15		4.6		9.2		1.1		243		637		7.22		196





Sheet4

		

				Date		Depth(m)		Temp				Depth (m)

				8/27/99		0		23.94				0		23.94		14.06		9.18		6.02		0.68

				8/27/99		3		21.18				3		21.18		13.63		8.91		6.02		3.35

				8/27/99		6		11.32				6		11.32		13.21		8.88		6		3.47

				8/27/99		9		7.34				9		7.34		7.29		7.93		5.98		3.74

				8/27/99		12		6.4				12		6.4

				10/1/99		0		14.06

				10/1/99		3		13.63				Temperature

				10/1/99		6		13.21				0

				10/1/99		9		7.29				5

				10/29/99		0		9.18				10

				10/29/99		3		8.91				15

				10/29/99		6		8.88				20

				10/29/99		9		7.93				25

				11/23/99		0		6.02

				11/23/99		3		6.02

				11/23/99		6		6

				11/23/99		9		5.98

				2/9/00		0		0.68

				2/9/00		3		3.35

				2/9/00		6		3.47

				2/9/00		9		3.74
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Sheet1

		Fish age class distribution on Sand Creek 1999
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		Reach		2		3		4		5		6		7		8		9		10		11

		Length (m)		1980		1470		1590		2160		1920		1590		1920		1590		1620		1410

		Embed (%)		65.4		67.6		67.9		72.5		66.7		51.7		48.2		41.7		35.2		34.9

		Pool-Riffle Ratio		.7 : 1		.8 : 1		.5 : 1		.7 : 1		.8 : 1		.5 : 1		.6 : 1		1.1 : 1		.8 : 1		.9 : 1

		LWD (#/100m)		23.7		18.4		12.5		10.2		6.8		5.7		8.2		11.6		4.7		3.8

		USFS LWD (#/Mile)		39.6		30.5		20.1		22.2		29.2		18.1		30.8		55.3		8.9		15.9

		Primary Pools (#/km)		30.8		30.6		30.8		25.5		25.5		21.4		22.4		25.8		19.8		19.9

		Bank Stability (%)		78.5		78		73.7		79.1		79.3		84.3		83.4		81.7		84.7		74

		Spring spawning gravel (m2)		2.5		4.5		5		1						3.5		3.5				0.5

		Fall spawning gravel (m2)		2		1.5		4		2.5		0.5				1

		Avg stream width (m)		1.4		1.5		1.6		2.4		2.2		2.5		2.3		2.1		1.7		1.4

		Avg stream depth(cm)		8.6		8.7		9.2		11.1		11		10.5		10.8		10.2		10		8.7

		Avg gradient (%)		7.2		6.7		4.4		4.2		4		4.9		5		5.8		5.8		5.5

		Pool Formation (%)

		Beaver Dam				5.6

		Bedrock/Boulder		36.8		22.2		6.3		17.4		38.1		76.9		68.4		80		85.7		40

		Enhancement

		Large Woody Debris		52.6		72.2		62.5		56.5		38.1		15.4		21.1		20		7.1		30

		Meander						6.3		13		4.8		7.7		10.5						30

		Other		10.5				25		13		19								7.1

		RB Potential LWD (#/100m)		12.6		7.6		2.6		4.6		5.7		10.9		12.7		7.3		8.8		8.1

		LB Potential LWD (#/100m)		12.9		8.4		2.5		6.1		7.9		12.2		12.4		7.9		7.9		7

		Substrate (% Occurance)

		Bedrock										1.4				1.1		4		13.5		12.8

		Boulders		8.5		1.8				6.6		15.9		19.5		29.5		29.7		31.5		12

		Rubble		7.3		8		6.5		7.8		9.8		25.7		13.6		22		15.8		35.4

		Cobble		21.5		23.5		28.4		34.3		46.9		42		43		32.3		23.7		33.6

		Gravel		43.3		38.5		40.7		29.7		13.3		5.3		7.8		9.1		2.5		1.7

		Small Gravel		12.9		17.2		6.8		13.9		9		6.5

		Sand		6.5		11		15.8		7.6		3.7		1		5		2.8		13.1		3.3

		Silt						1.8														1.2
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				Sand Creek				Riparian Type		%Dominate		% Sub Dominate

		Length (m)		172560				Alder		36.6		25.2

		Embed (%)		55.9				Cottonwood		1.4		0

		Pool-Riffle Ratio		.7 : 1				Dogwood		0.7		3.6

		LWD (#/100m)		10.7				Douglas Fir		24.2		0.7

		USFS LWD (#/Mile)		27.4				Forbes/Grasses		2.8		19.7

		Primary Pools (#/km)		25.3				Grand Fir		3		0

		Bank Stability (%)		79.8				Maple		0.3		0.5

		Spring spawning gravel (m2)		20.5				Mixed Conifers		13.4		0.4

		Fall spawning gravel (m2)		11.5				Mixed Hardwoods		0.9		1.4

		Avg stream width (m)		1.9				Mixed Shrubs		9.4		46.4

		Avg stream depth(cm)		9.9				Pacific Yew		0.3		0

		Avg gradient (%)		5.4				Ponderosa Pine		4.2		0.4

								Western Larch		0.2		0

		Pool Formation (%)						Willow		2.6		1.8

		Beaver Dam		0.6

		Bedrock/Boulder		45.7				Habitat Types (%)

		Enhancement						Pool		33.1

		Large Woody Debris		39.3				Riffle		39.4

		Meander		6.4				Run		25

		Other		8.1				Pocketwater		2.5

								Alcove

		RB Potential LWD (#/100m)		8.1				Glide

		LB Potential LWD (#/100m)		8.6

		Substrate (% Occurance)

		Bedrock		2.6

		Boulders		16.4

		Rubble		14.6

		Cobble		34.7

		Gravel		18.3

		Small Gravel		6.8

		Sand		6.4

		Silt/Clay		0.2
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		99 Sand Creek Bankfull Widths and Depths

		Reach		Width (m)		Depth ¼ (cm)		Depth ½ (cm)		Depth ¾ (cm)

		2		2.5		30		35		25		8.33		2		8.33

		3		1.9		35		30		25		6.33		3		7.26

		3		2.7		28		44		27		8.18		4		12.19

		4		3.9		33		35		28		12.19		5		12.08

		5		4.1		32		39		27		12.55		6		10.62

		5		3.6		32		25		36		11.61		7		12.94

		6		4.6		47		58		25		10.62		8		14.19

		7		4.7		27		66		31		11.37		9		10.46

		7		5.2		52		47		47		10.68		10		9.19

		8		5.5		42		46		31		13.87		11		14.44

		8		5.8		35		55		30		14.50

		9		5.5		56		58		51		10.00

		9		5.6		51		60		43		10.91

		10		6.4		70		73		66		9.19

		11		6.4		35		52		46		14.44
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														Mfish Depletion Calculation

		Date (1999)		Reach		Method		N		Area(msq)		Density (#/100m2 )		(#/100m )		Pop. Conf. Intervals (#/100m2)

		18-Oct		1		shock		23		55.28		41.61

		18-Oct		2		shock/depletion		41		58.80		69.73		71.43		64.80 / 78.05

		8-Sep		3		snorkel		17		37.73		45.06

		9-Sep		4		snorkel		11		51.64		21.30

		8-Sep		5		snorkel		7		68.08		10.28

		20-Oct		6		shock		15		103.20		14.53

		20-Oct		7		shock		25		77.03		32.45

		20-Oct		8		shock		12		107.70		11.14

		8-Oct		9		shock/depletion		21		127.71		16.44		17.8		12.70 / 22.96

		Sum						172		687.17		262.55

		Average										29.17
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				Pool		Riffle		Run										Occurance of brook trout in each habitat type 1999
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