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INTRODUCTIONPRIVATE 

A pool-wide summer drawdown of navigation Pool 8 on the Upper Mississippi River (UMR) near 
La Crosse, Wisconsin was conducted during the summer of 2001 in an effort to stimulate the growth of emergent vegetation.  A water quality monitoring platform was installed by the Wisconsin Department of Natural Resources (WDNR) in lower Pool 8 to assess water quality changes associated with this modification in water level management.  Pre-drawdown monitoring was conducted during the summer (June-September) of 1999 to obtain baseline information.  Initially, the planned year of drawdown was during the summer of 2000, but unfavorable hydrologic conditions delayed the drawdown until the summer of 2001. The platform was re-deployed during the summer of 2001 to evaluate changes in water quality associated with this drawdown.  This information will be used to predict the effects of similar water level management activities planned for other navigation pools of the UMR.

The objectives of this monitoring were to obtain continuous measurements of water quality, physical and meteorological data at a site that was representative of a large portion of the Pool 8 that was expected to be influenced by changes in water level management. The continuous monitoring described in this report is part of a major multi-agency effort to evaluate the environmental, physical and social impacts of this drawdown on the Pool 8 environment and river users. 

Specific water quality-related hypothesis included:


1. The onset of drawdown will mobilize bed sediments and result in greater suspended solid concentrations as well as increased turbidity and light attenuation.  


2. Wind-induced sediment resuspension will increase with reduced water depth and contribute to increased suspended solids, higher turbidity and light attenuation.  The relationship between wind speed and light attenuation will change as a result of sediment consolidation and increased aquatic macrophytes. 


3. Low dissolved oxygen concentrations and reduced diurnal dissolved oxygen fluctuations will be present during periods of drawdown-related sediment resuspension.

Methods

A raised 1.2 x 1.2-m monitoring platform was placed near the mouth of Crosby Slough in the lower portion of Pool 8 near Stoddard, Wisconsin during the summers of 1999 and 2001 (Figure 1). The site was located mid-way between the Stoddard Islands Habitat Rehabilitation and Enhancement Project and Turtle Island near river mile 686.  A horizontal coordinate of 641641E 4836086N (NAD 27) was derived for the site using a differential global positioning system.  Water depth at the platform site was approximately 1 m deep (prior to drawdown) and decreased to about 0.6 m during periods of maximum drawdown.  The substrate at the monitoring site was sandy with clay lenses.  Four, 3-m long support poles were driven about 0.6 m into the substrate to hold and stabilize the platform, which was mounted about 1 m above the water surface (see cover photo).     

The following continuous monitoring equipment and sensors were mounted at the platform site: 

YSI, Inc. Model 57 dissolved oxygen probe and meter

YSI, Inc. Model 071 thermistor

Li-Cor Inc. Model LI-192 underwater quantum light sensor

Li-Cor Inc. Model LI-190 surface quantum light sensor

Li-Cor Inc. Model LI-1000 data logger

R.M. Young, Co. Model 05106 wind monitor (speed and direction)

ISCO, Inc. Model 3700 portable water sampler

120 amp-hr 12 volt battery

Cylindrical sediment traps

Collt marine navigation beacon (warning light)

Mid-depth measurements of dissolved oxygen, water temperature, photosynthetically active radiation (PAR, 400-700 nm) were recorded at hourly intervals using an electronic data logger.  The underwater light sensor was mounted on a float approximately 0.5 m below the water surface.  Surface PAR and wind measurements (speed and direction) were collected 1.5 and 3 m, respectively, above the water surface. Surface and underwater PAR measurements represented hourly-integrated values.  Hourly average dissolved oxygen, water temperature, wind direction and wind speed measurements were based on an average of 60 instantaneous values (1-second duration) collected at 1-minute sampling intervals.  Hourly minimum and maximum dissolved oxygen and wind speed calculations were also derived from the 60 instantaneous measurements per hour.   During the summer of 2001, hourly wind direction was determined using a single instantaneous value to avoid logging problems associated with averaging azimuth measurements from a northerly direction (i.e. 360 vs. 0 degrees). 

In 1999, gross sedimentation rates were determined using duplicate cylindrical plastic sediment traps (5 cm x 30 cm) with their openings mounted 0.3 meters above the sediment surface.  Traps were retrieved at approximately 10-day intervals.  The entire weight of trapped material (less large debris) was determined based on drying at 40 oC.  Sedimentation rates were based on an average of the two measurements for the deployment interval.  Dried samples were sent to the Wisconsin State Laboratory of Hygiene in Madison, Wisconsin for total volatile solids analysis (TVS).  Sampling in 2001 was similar except that three traps were deployed to derive an average sedimentation value and USEPA's Region 5 Central Laboratory performed the TVS analysis.

Daily composite water samples were collected at 4-hour intervals using an ISCO Model 3700 portable water sampler.  The daily sampling period started at midnight and ended at 8 p.m.  Approximately 500 ml of water was collected each day and was stored at ambient temperature at the base of the unit until retrieved, normally at 10-day intervals. Water samples were returned to the La Crosse field office where they were analyzed for turbidity using a Hach 2100P turbidimeter and filtered for total suspended solids (TSS) analysis using 47mm glass fiber filters pre-tared filters (ProWeighTM, Environmental Express LTD).  Filters were sent to Wisconsin State Laboratory of Hygiene in 1999 and USEPA's Region 5 Central Laboratory in 2001 for processing and TSS calculation. 

Duplicate turbidity and TSS samples were performed on 10% of the samples.  Dissolved oxygen calibration was performed using an air calibration technique utilizing ambient air pressure (WDNR, 1983). Thermistor results were compared to a certified reference glass thermometer during station visits.  Quantum light sensors were calibrated by Li-Cor, Inc. in the spring of 1998 and 2001.

Vertical light extinction coefficients and the depth at which 1% of surface light penetrated were estimated based on surface and underwater PAR measurements using the following formula:

Light extinction = (ln Io – ln Iz)/z 

Z1% = ln 100/light extinction

   where

Iz  = the light measurement at depth z
Io = the light measurement at the surface

Z1% = 1% penetration depth

The underwater light sensor was normally cleaned at 3 to 4 day intervals.  Pre- and post-cleaning light penetration measurements were collected less frequently to estimate error due to sensor fouling.  No correction for surface reflection was applied to the light penetration measurements.

Solar radiation measurements were obtained from measurements at the Department of Natural Resource’s Service Center at La Crosse using an Eppley black and white pyranometer (model 8-48).  River flow was obtained from the US Army Corps of Engineers (USCOE) for Lock and Dam 8 at Genoa, WI.  Additional wind speed and climatological information were obtained from the U.S. Weather Service at La Crosse, WI and represent measurements at the La Crosse, Airport.

Statistical analysis was performed using Statistix Analytical Software.  Regression plots and coefficients and most graphical presentations were prepared using Microsoft Excel 97 spreadsheet software. 

Results and Discussion

River Flow and Stage Levels

Water quality conditions in the Mississippi River are strongly influenced by river flow and need to be considered when evaluating temporal changes (Sullivan 2000).  High flows may reflect increased sediment contribution from tributary streams, increased sediment resuspension and increases or decreases (dilution) of dissolved substances.  Low flows contribute to an opposite response and typically promote an increase in phytoplankton concentrations as a result of enhanced light availability and increased residence time, especially in navigation pools of the Upper Mississippi River.  These factors may greatly influence suspended particulate matter, chlorophyll a, dissolved oxygen concentrations as well as other water quality variables.

River flow at Lock and Dam 8 ranged from about 20,000 to 98,000 cfs over the two study periods (Figure 2a).  Although the average flow in 1999 and 2001 were similar, 48,500 and 44900 cfs (Table 1 and 2), respectively, there were distinct differences in the flow distributions between the two years.  Highest flows occurred in June of both years and decreased as the season progressed.  A nonparametric two-sample test of the median of daily flows (median test) was used to assess differences in monthly flows between the two study periods.  This evaluation revealed June flows in 2001 were significantly higher (p<0.05) than 1999.  In contrast, July-September 2001 flows were significantly lower than 1999 (Table 3).  These differences were related to changes in precipitation and runoff between the two years.  Increased river flows contributed to greater current velocities and resulted in greater flux of woody debris and vegetation that accumulated at the base of the monitoring platform during high flow periods, especially during June 2001. River current velocity was occasionally collected at the monitoring platform and generally paralleled changes in river flow.  Minimum velocity was about 0.1 ft/s during low flows and a maximum of 1.7 ft/s was measured during highest flows.

River stage levels are directly influenced by river flows and the operation of Lock and Dam 8 at Genoa, Wisconsin.  The USCOE utilizes stage control points at La Crosse, WI and Dam 8 for maintaining Navigation Pool 8 within regulatory limits (Figure 2b).  At flows less than 23,000 cfs operational control of the pool is based on maintaining a pool elevation of 631.0 ft at La Crosse. At flows greater than this value, pool control then switches to the dam and is based on meeting a pool elevation of 630.0 ft at this location. Once river flows exceed 95,000 cfs, Dam's 8 gates are completely out of the water and the dam is said to be "out-of-control."  State and federal agencies worked with the public to develop a drawdown plan that would benefit re-establishment of emergent vegetation yet not seriously compromise the private or commercial navigation within Pool 8.  The targeted drawdown amount was 1.5 ft at the dam at a flow of 23,000 cfs.  The degree of the drawdown decreased as the distance from the dam increased as a result of the slope of the water surface of pool between Dam 8 and the tailwater of Dam 7, about 24 miles upstream.  In addition the amount of the drawdown was further restricted to limit the maximum drawdown to 0.5 ft at La Crosse at low flows less than 23,000 cfs.

River stage-flow relationships for Pool 8 for the summer of 1999 and 2001 and historical data (1988-99) are presented in Figure 3a and were derived from the USCOE's gage at Brownsville, MN and river flows at Dam 8.  The Brownsville gage is about 2 miles upstream from the monitoring site and is reflective of water surface changes at the monitoring platform during the study period. In general, water levels measured during the summer of 1999 paralleled the historical stage-flow relationship based on data collected during 1988 to 1998. A substantial deviation from this relationship was noted in 2001.  High flows (>85,000 cfs) in June were accompanied by higher than normal stage levels at Brownsville for reasons unknown.  Drawdown during July to September resulted in water levels falling about 1.5 ft below historical levels at a flow near 20,000 cfs. The degree of drawdown decreased at lower or higher flows due to the operational constraints needed to meet the maximum drawdown target at La Crosse or Dam 8. 

Daily fluctuations in the pool elevation at Brownsville were significantly greater during the summer of 2001 in comparison to base year in 1999 (Figure 3b).  The average daily elevation change (absolute value) was 0.08 ft in 1999 versus 0.12 ft in 2001.  This increase in daily water level fluctuation was statistically significant based on a nonparametric analysis of variance (Kruskal-Wallis).  However, this increase was rather small considering typical seasonal fluctuations and likely did not contribute to major hydraulic impacts such as sediment scouring. The greater fluctuations observed in 2001 might have reflected the greater range in river flows as well as operational changes at Lock and Dam 8 associated with meeting the prescribed drawdown plan.

Wind Speed and Direction

Problems were encountered with wind monitoring equipment in June of both monitoring years and these data were not used for correlations or regressions with other variables.  Average daily wind speed ranged from about 5 to 15 mph during the two monitoring periods (Figure 4a and 4b). Maximum wind speeds varied from about 30 to 48 mph with highest levels recorded during strong thunderstorms. Monthly median wind speeds (based on daily averages) at the platform site increased from about 7 mph in July to 9 mph in September.  There were no significant differences in monthly medians between the two monitoring periods (Table 3). In general, there was good agreement between the average daily wind speed at monitoring platform in Pool 8 versus similar data recorded at the La Crosse Airport based on linear regression (r2= 0.73).  The comparison was poorer (r2=0.53) when daily maximum values were considered and likely reflect site specific weather patterns and differences in logging intervals used to calculate maximum wind speed.

Wind direction at the Pool 8 platform was generally from the south with monthly median azimuths ranging from 153o to 182o  (Table 3).  Wind rose diagrams (Rock Ware TM Scientific Software) of hourly averages depicted a bimodal distribution with greatest frequency winds from the south-southwest and the east-southeast (Figure 5a and 5b).   Rapid changes in wind direction were normally associated with a passing front or storm.   Wind direction measurements in 1999 represented an arithmetic average of 60 instantaneous values per hour. This logging process resulted in improper recording of values when azimuth readings were from a northerly direction (about 350o to 10o).  This may have also inflated the values of southerly readings as well due to the effect of averaging azimuths from a northerly direction.  In 2001, wind direction measurements were logged once per hour as an instantaneous value to resolve this problem.  Due to this difference in wind recording, a comparison between years should be treated with caution.  Although a problem with wind direction recordings were apparent in 1999, the data collected appeared to be consistent with summer wind rose diagrams for the La Crosse Airport (Glenn Lussky, National Weather Service - La Crosse, personal communication). In general, wind direction frequencies were similar between the two monitoring periods.

Light Measurements

Average daily solar radiation recorded during the study period at the Wisconsin DNR field office in La Crosse was 479 and 495 Langleys/d (g cal/cm2/d) in 1999 and 2001, respectively (Table 1 and 2).  The average solar radiation for July and August, months of complete records, was 475 Langleys/d in 1999 and 497 Langleys/d in 2001. These measurements were consistent with estimated mean solar radiation reported for La Crosse, WI (Solar Energy Research Institute, 1980).  Average PAR measurements recorded at the study site during 1999 and 2001 were 39.5 and 41.3 mols/m2/d, respectively. Greatest values occurred during June and July, which were during or near the summer solstice.  Daily PAR measurements closely paralleled daily solar radiation measurements (r2=0.95) obtained 14 km north of the platform site at La Crosse based on data for the two study periods.  Median daily solar radiation and PAR measurements for 1999 versus 2001 yielded similar values when comparing measurements for the same months (Table 3).   

The underwater light cell required frequent cleaning (3-4 day intervals) to reduce fouling by attached algae and other debris.  An estimate of sensor fouling was obtained in 1999 by comparing light penetration measurements at the 1% depth of surface light penetration (Z1%) before and after sensor cleaning.  Post-cleaning light penetration measurements averaged 18% greater than pre-cleaning measurements.  Severe sensor fouling was noted on June 26, 1999 when post-sensor cleaning yielded a 65% increase in Z1%.  As a result, light penetration data collected on this day and the preceding day were omitted from the data set.  Omitting this data yielded an average post-cleaning light penetration increase of 8% for the 1999 summer period.  In 2001, the underwater light cell was again cleaned at 3 to 4 day intervals but no direct measurement of sensor fouling was determined during this period.  

The estimated penetration depth of 1% of surface light (Z1%) represented a mean of hourly averages logged between (1000-1400). These mid-day light penetration measurements ranged from 0.91 to 2.40 m during the two study periods (Figure 6a and 6b).  The average Z1%  values were 1.68 and 1.32 m in 1999 and 2001, respectively (Table 1 and 2).  The monthly medians of mid-day average Z1%  were significantly lower in 2001 than in 1999 (Table 3).  Median monthly turbidity values and TSS concentrations were significantly greater in June and September 2001 as compared to the same months in 1999 and were consistent with the light penetration results.  In contrast, July 2001 turbidity and TSS measurements were significantly lower than July 1999 and were inconsistent with the light penetration data, which indicated significantly lower Z1%  values in July 2001.  The reason for this anomaly has not been determined but may related to sampling differences between these measurements and is discussed further below. The average Z1% measurements reported in this study were about 0.4 to 0.7 m greater than similar measurements made in Lake Onalaska, Pool 7 in 1990 (Kimber et al. 1990).  The Mississippi River had noticeably greater total suspended solids concentrations in the summer of 1990 (Sullivan, 1991, 1996) and contributed to the reduced light penetration measurements reported for Lake Onalaska at that time.

Water Temperature and Dissolved Oxygen

Thermistor calibration checks revealed the temperature probe was reading low by an average of 0.3 oC during 1999 and 2001.  Logged temperature values were increased by this amount prior to summarizing these data.  Hourly average water temperature ranged from 16.3 to 32.5 oC during the two monitoring periods (Figure 7a and 7b). Average daily temperature during 1999 and 2001 was 24.5 and 24.6 oC, respectively (Table 1 and 2).  A comparison of monthly average, minimum and maximum water temperature measurements between the two years indicated similar values (Table 3). An exception was the maximum hourly average temperature recorded in September 1999 and July 2001 which were significantly warmer than corresponding measurements in September 2001 and July 1999, respectively.  

The daily water temperature fluctuation (maximum - minimum hourly average) ranged from 0.5 to 5.4 oC over the study period (Table 1 and 2).  Significantly greater temperature fluctuations were observed in July and August 2001 than the corresponding months in 1999 (Table 3).  It is suspected the increased temperature fluctuations during 2001 were primarily affected by increased air temperature fluctuations during July-August 2001. Daily maximum-minimum air temperatures recorded at the La Crosse Airport during July and August averaged 11.0 oC in 1999 and 12.6 oC in 2001. This difference in daily air temperature changes between these two periods was statistically significant. The increased water temperature fluctuations observed in 2001 occurred during the period of maximum drawdown and may have also been influenced by the reduced water depths associated with the drawdown. Decreased water depths would have allowed for more rapid warming and cooling as a result of the reduction in the water mass (reduced volume) of lower Pool 8.  Although the increased daily changes in water temperature during July and August 2001 were statistically significant based on a comparison of median values, the magnitude of the increase over 1999 was relatively small (0.4 to 1.1oC). 

Frequent calibration of DO monitoring equipment was necessary throughout the term of the study due to sensor fouling by algae and other debris.  In 1999, dissolved oxygen calibration drift ranged from –0.6 to 0.7mg/L and averaged -0.1 mg/L over the monitoring period. No post-field adjustments in the logged DO values were made in 1999.  In 2001, more serious sensor fouling and equipment failures resulted in larger calibration errors ranging from 1.1 to -2.3 mg/L with an average drift of -0.3 mg/L necessitating post-field adjustments to the data.  These adjustments consisted of applying a linear drift correction over the period from previous sensor calibration.  As a result of these calibration problems, DO concentrations should be considered estimated values rather than absolute measurements. 

Minimum and maximum dissolved oxygen concentrations ranged from 5.1 to 9.6 mg/L in 1999 and 4.6 to 13.6 mg/L in 2001 (Table 1 and 2). Monthly medians of daily average DO concentrations were significantly higher (0.7 to 0.9 mg/L greater) in July and August 2001 as compared to corresponding months in 1999 (Table 3).  Similarly, the median daily maximum DO exhibited noticeably greater values (1.4 to 2.6 mg/L higher) in July and August 2001 as compared to the same months in 1999.  Monthly medians of daily minimum DO concentrations were similar between monitoring periods with the exception of July 2001, which was significantly greater than 1999, 6.6 versus 6.3 mg/L, respectively.  Minimum hourly DO concentrations fell below the state's 5 mg/L water quality standard briefly during July 2001 when a minimum hourly DO of 4.6 mg/L was recorded (Figure 7b and Table 2).

Diurnal DO fluctuations (daily maximum - minimum) ranged from 0.5 to 7.4 mg/L over the sampling period (Table 1 and 2).  Noticeably greater diurnal changes were apparent during July and August 2001 during the period of maximum drawdown (Figure 7b and 2b).  These large diurnal DO charges were especially noted when evaluating estimates of DO saturation (Figure 7a and 7b) where values exceeding 150% were recorded during the summer of 2001.  These periods of DO supersaturation reflect conditions of high photosynthetic activity by submersed aquatic macrophytes and algae.

The monthly median diurnal DO change was significantly lower in June and higher in July and August 2001 (Table 3).  These observations were likely influenced by river flow, which was substantially greater in June 2001 but lower in July and August 2001.  Increased river flow may have contributed to a reduction in phytoplankton photosynthesis due to dilution, increased mixing and reduced light penetration (increased particulate matter).  In contrast, lower flows likely contributed to increased phytoplankton production and photosynthetic processes. The reduction in water depths may have also stimulated benthic algae growth during mid-summer 2001 as a result of increased light availability at the sediment-water interface. Submersed aquatic macrophytes appeared to be more common above the monitoring site in 2001 and may have also influenced oxygen measurements as well during mid to late summer.  Increased diurnal temperature fluctuation during July and August 2001 (averaged 0.4 to 1.1 oC) was likely an additional factor since DO saturation is related to water temperature though this would only explain a small portion of the observed diurnal DO changes (< 0.5 mg/L at 25 C).  Greater daily temperature changes would also be expected to contribute increased photosynthetic and respiratory processes during this period.  

Total Suspended Solids and Turbidity

Total suspended solids and turbidity analyses reflect estimated values since composite samples collected by the automated water sampler were held in the field for several days prior to analysis and were not refrigerated.  Linear regression analysis was performed to estimate the daily rate of change in turbidity and TSS values on river water held at room temperature in the laboratory in 1999.  These results yielded an estimated average daily decline of 0.1% (0.1 ntu) for turbidty and 0.2% (0.4 mg/L) for TSS measurements. Since samples were normally retrieved from the automated water sampler at 10-day intervals, the delayed analysis contributed to an underestimation of turbidity and TSS by approximately 1 ntu and 4 mg/L, respectively.  No corrections were applied to the turbidity or TSS data to account for this holding time problem.  The average relative percent difference on duplicate turbidity and TSS samples was 6.3 and 7.5%, respectively in 1999.  Similar precision measurements for turbidity and TSS in 2001 were 6.3 and 13.5%, respectively.
Total suspended solids ranged from 11 to 55 mg/L during the summer monitoring periods in 1999 and 2001 (Figure 8a and 8b).  Daily composite samples averaged 24 mg/L in 1999 and 23 mg/L in 2001 (Table 1 and 2).  Although the summer average TSS concentrations were similar for the two monitoring periods, there were notable changes in TSS levels when evaluated on a monthly basis.  Monthly median TSS concentrations were significantly greater (2 to 8 mg/L) in June and September 2001 than corresponding months in 1999. In contrast, July median TSS concentrations in 2001 were significantly lower (about 5 mg/L) than July 1999 (Table 3).   

Turbidity measurements ranged from 8 to 36 ntu during the two summer periods and closely paralleled changes in TSS concentrations (Figure 8a and 8b). As found with TSS, turbidity measurements were significantly greater in June and September 2001 and significantly lower in July 2001 than corresponding months in 1999 (Table 3).  This is not surprising since regression analysis indicated turbidity was highly correlated with TSS yielding coefficients of determination (r2) of 0.788 and 0.858 for 1999 and 2001 data, respectively.  Analysis of covariance indicated the slopes in the linear regression of TSS x turbidity did not differ significantly between the two years but the intercept was significantly greater in 1999 than 2001.  The resultant regression equations are listed below.

1999:   TSS = 1.475 (turbidity) + 2.07

2001:   TSS = 1.364 (turbidity) + 1.02

The significant difference in regression equations may have been due to the use of two different laboratories for the TSS analysis in 1999 versus 2001. Although a different linear relationship was found between years, the magnitude of the difference was relatively small and yielded predicted TSS concentrations of 24.2 mg/L in 1999 and 21.5 mg/L in 2001 using a typical turbidity of 15 ntu.  These predictions reflect a relative percent difference of about 12% and this potential error should be considered when evaluating the actual differences in TSS concentrations between the two monitoring periods. 

Greatest TSS and turbidity were usually found during high flow periods following runoff events (Figure 8a and 8b) and during periods of high wind speed (Figure 4a and b).  Relatively stable and low TSS and turbidity values were found during low flow periods particularly during mid to late summer after submersed aquatic vegetation (SAV) became established. Increased SAV may have helped trap incoming suspended particulate matter to Pool 8 as well as offer greater sediment stability from boat or wind-induced sediment resuspension.  The influence of river flow and wind on TSS and turbidity was important and is discussed in greater detail below. 

Gross Sedimentation

Sediment traps provide an inexpensive time-integrating device for collecting suspended sediment that are reflective of the inorganic particle-size distribution in ambient river water (Bartsch 1991 and Bartsch et al. 1996).  These devices yield measurements of "gross" sedimentation since sediment resuspension is minimal or absent in the quiescent waters inside the sediment trap.  These measurements should not be confused with actual or "net" sedimentation, which is typically determined by measuring changes in bed elevation or by sediment dating.  Sediment accumulation in sediment traps deployed at the monitoring platform offered a means for indirectly assessing general changes in suspended sediment concentrations during the deployment period. 

The estimated gross sedimentation rates reflect integrated measurements over the deployment interval (about 10 days).  Gross sedimentation ranged from 0.026 to 0.135 g/cm2/d and averaged 0.098 g/cm2/d in 1999 and 0.112 g/cm2/d in 2001 (Table 1 and 2).  Median sedimentation rates measured in 1999 versus 2001 were not significantly different.  Comparison of monthly medians between years was not possible due to the small sample size.  In general, the sedimentation rates paralleled changes in TSS concentrations and were also notably greater during periods of high flow, especially June 2001 (Figure 8a and 8b).  A regression of the average TSS concentrations during the sediment trap deployment period versus gross sedimentation yielded significant correlation coefficients of 0.72 and 0.78 in 1999 and 2001, respectively.  The total volatile solids content of the trapped particulate materials averaged 7.4% in 1999 and 7.8 % in 2001 suggesting the organic content was similar in both years. 

Flow-induced Effects on Total Suspended Solids, Turbidity and Light Penetration 

River flow is an important hydraulic factor that needs to be considered when evaluating potential temporal changes in water quality in riverine systems.  This is especially true for suspended particulate matter since it is normally significantly correlated to river flow.  Failure to account for changes in river flow may result in an incorrect assignment of a drawdown-induced impact when in fact the change in quality may be related to other factors such as increased sediment contributions from tributary streams during periods of high flow. 

Total suspended solids and turbidity were significantly correlated to river flow during both monitoring periods. This correlation was particularly strong in 2001 as a result of the greater range in river flow encountered during this period (Figure 9a and 9b). Most of the 2001 data were derived during average to low flow conditions (<35,000 cfs) or during high flows (>60,000), whereas, most of the 1999 data were collected between these flow extremes.  The lack of substantial overlap in similar flows between the two years presented a serious problem for assessing non-flow related impacts specific to the monitoring site in lower Pool 8 (i.e. drawdown, wind etc.).  The analysis of covariance using a polynomial regression model was used to assess the relationships between TSS, turbidity or light penetration (dependent variables) versus river flow and year (independent variables).  This approach used the following polynomial model to test the significance of flow and year effects on TSS, turbidity or light penetration.

y = Cons. + C1(Year) + C2(Flow) + C3(Flow2) + C4(Year x Flow) + C5(Flow2 x Year)

A polynomial regression with degree 2 was selected based on the apparent "fit" of this equation to the TSS and turbidity data as noted in the regression models for 2001 presented in Figure 9a and 9b.  To apply the polynomial model listed above, flows were centered by subtracting the mean flow from each value. The flow was further adjusted by dividing the centered value by 1000 to reduce scaling problems.  Dummy variables of 0 and 1 were assigned to 1999 and 2001, respectively.  The primary interest in this regression approach was to define the influence of the monitoring year on the intercept and interaction terms (year x flow and year x flow2).   

The results of this modeling approach revealed a significant year effect on TSS concentrations where the intercept was 2.8 mg/L lower in 2001 than 1999 (at similar flows).   Although this change was statistically significant, the amount of this change was relatively small considering potential differences in TSS analysis between years (different labs) and the precision measurements (6 to 12%).  Further, the removal of the three potential outliers in 1999 (TSS > 45 mg/L) resulted in an elimination of the year effect on the intercept. These results suggest that the TSS versus flow relationship was essentially similar in 1999 and 2001 and that a drawdown effect on TSS concentrations was not apparent at the monitoring site.

Application of the polynomial model to turbidity failed to show any significant year effects. This implies that the turbidity versus flow relationship was similar for both years even though there were substantial differences in flow conditions between the monitoring periods.  These results suggest that drawdown 2001 had no measurable effect on turbidity at the monitoring site and were consistent with the TSS results. 

Underwater light penetration measurements (Z1%) followed an opposite flow response to that of TSS and turbidity with penetration decreasing at high and low river flows (Figure 9c).  It is suspected that higher flows reflected increased sediment resuspension and sediment contributions from tributaries whereas low flows promoted greater phytoplankton growth as well as a greater influence from wind-induced sediment resuspension. The results of the polynomial model indicated light penetration exhibited a significantly lower intercept (0.25 m) in 2001 as compared to similar flows in 1999.  These results are not consistent with the flow-adjusted TSS or turbidity results described above.  Although a 0.25 m reduction in light penetration may not seem large, this value represents 20% of the average long term (1988-2000) summer (June-Sept) light penetration measurements collected at Lock and Dam 8 by the Wisconsin DNR (unpublished data). The reason for a different response with light penetration as observed for TSS or turbidity may reflect a difference in sampling between these variables.  Light penetration data reflected integrated mid-day measurements (10:00 to 14:00 hr) whereas TSS and turbidity samples were daily composite samples based on 4-hr sampling intervals.  In addition, light penetration measurements were depth-integrated values (upper 0.25 to 0.5 m) in contrast to TSS and turbidity samples that reflected point samples collected at approximately mid-depth. Wind speed data did not reveal greater values during the mid-day period so increases in wind-induced sediment resuspension would not be expected to be greater when light penetration measurements were made.

The light penetration versus river flow relationship observed in 2001 was likely greatly influenced by increased TSS and turbidity levels during periods of high and low river flows, >75,000 and <35,000 cfs, respectively Figure 9a and 9b.  Potential drawdown effects on light penetration can only be associated with flows less than approximately 75,000 cfs due to the water level operation constraints as previously discussed (Figure 3a).  Drawdown related impacts on light penetration would presumably be greatest during the period of maximum drawdown when flows were <35,000 cfs and wind-induced sediment resuspension would expected to be facilitated by shallower water. These flow conditions occurred primarily during August and September 2001. However, when compared to similar periods in 1999, only September 2001 had significantly greater TSS or turbidity levels. River flows increased from about 15,000 to 30,000 cfs during late August and early September 2001 and may have reflected increased particulate matter contributions from tributary streams.  Further, increased submersed aquatic vegetation (SAV) senescence would be expected in September, which may have contributed to increased organic particulate matter flux and increased sediment resuspension due to the loss of the sediment stabilizing effect of SAV beds.  The combination of these factors would likely overshadow specific drawdown-induced reductions in light penetration during September 2001.  

Wind-induced Effects on TSS, Turbidity and Light Penetration

Wind is an important physical force influencing mixing and gas exchange in surface water.  The energy provided by wind-driven waves contributes to shoreline erosion and increased sediment resuspension in shallow waters.  The impact of water level drawdown on sediment resuspension processes was an important consideration in this study.  The effects of wind speed on sediment resuspension were evaluated by regression analysis using water quality variables that would be influenced by increased sediment resuspension (TSS, turbidity and light penetration). 

Daily composite samples of TSS and turbidity were significantly correlated to daily average wind speed but regression plots revealed low coefficient of determinations (r2 = 0.07 to 0.22, Figure 10a and 10b). The correlation was noticeably stronger in 2001 but wind speed still only explained approximately 22% of the variance in TSS or turbidity levels.  The influence of wind speed on TSS and turbidity was substantially less than that reported for river flow, especially in 2001, where r2 coefficients associated with wind speed were about half those reported for flow (Figure  9a and 9b).   A comparison of the linear regression equations of TSS versus wind speed for 1999 and 2001 did not indicate a significant difference in the slopes or intercept.  A similar result was obtained when turbidity was used as the dependent variable.   These results imply that the relationships between TSS versus wind speed and turbidity versus wind speed were similar for both monitoring periods.  As a result, one could not conclude that wind-induced effects on sediment resuspension were greater during drawdown based on these data.

In order to accurately evaluate the relationship of light penetration and wind speed, wind information was selected from the same mid-day interval (1000-1400 hr) used to calculate Z1%.  Significant correlations were noted in 1999 and 2001 between mid-day average light penetration and average or maximum wind speed.  In general, linear regression analysis of light penetrations versus average or maximum wind speed indicated similar, but low coefficients of determination (r2 = 0.07 to 0.10).  As a result, only regression data using average wind speed were considered in this discussion (Figure 10c).  Linear regression analysis of mid-day light penetration and average wind speed indicated similar slopes in 1999 and 2001.  The intercept was about 0.2 m lower in 2001 and was reflective of the more turbid conditions in 2001 as previously described.  However, the difference in intercepts was not considered to be significantly different as a result of unequal variances between the two monitoring periods.   The consistent slopes in the regression lines between the two monitoring periods suggest that wind stress over shallower water in 2001 did not appear to contribute to greater sediment resuspension and hence lower light penetration. 

An assessment of light penetration versus wind speed was also conducted by evaluating the daily change in mid-day Z1% values versus the daily change in average mid-day wind speed for the 1999 and 2001 monitoring period.  This approach adjusts for varying suspended particulate matter concentrations that may change substantially over time as a result of changes in flow and tributary inputs.  Further, assessing the daily change may account for potential lag effects associated with sediment resuspension or settling. 

Analysis of covariance indicated the regression lines for 1999 and 2001 were similar and were combined for this discussion (Figure 11).  This approach revealed a slightly stronger correlation between light penetration and wind speed over that described above using mid-day average light penetration and wind speed data (Figure 10c). The linear regression plot indicated daily changes in wind speed could only explain about 16% of the daily change in light penetration.  These results were roughly similar to comparable measurements made in Weaver Bottoms, Pool 5, in 1994 (Sullivan, 1996).  However, an assessment of the linear regression equations revealed the slope of the Weaver Bottoms regression was significantly greater than data collected in this study of Pool 8, -0.035 m/mph versus -0.019 m/mph, respectively (Figure 11).  This suggests that wind stress in Weaver Bottoms had a greater impact on decreasing light penetration than at the monitoring site in Pool 8.  Weaver Bottoms is a backwater area and is more "lake-like" and has finer sediments that are more easily resuspended due to wind and waves as compared to the monitoring site in Pool 8 which is more riverine and has firmer sediments.  These results also imply wind-induced sediment resuspension effects may be more noticeably in wind-swept backwater areas that are more removed from major influences of river flow.

Long Term Resource Monitoring Program Data for Pool 8

Water quality data collected at fixed sites in or near Pool 8 by the federal Long Term Resource Monitoring Program (LTRMP, UMESC 2002) during the summer (June to September 15) of 1999 and 2001 were compared to measurements described above for the monitoring site near Crosby Slough.  Water quality variables of interest included TSS, turbidity, chlorophyll a and Secchi depth transparency (Figure 12).

Median summer TSS concentrations at sites near or in the main channel of the Mississippi River were substantially lower than most tributary streams (La Crosse River, Coon Creek and Root RIver) discharging to Pool 8 (Figure 12a).  The exception was the Black River site, which is downstream of Lake Onalaska and likely reflected solids settling in this impoundment as well as in the Black River channel downstream of the Onalaska Spillway. Median TSS concentrations at a main channel border site above Dam 8 (RM 679.4V) was higher in 2001 (28.3 mg/L) than 1999 (12.3 mg/L), but this increase was not found to be statistically significant based on a median test. Median TSS concentrations in tributary inflows to Pool 8 were noticeable lower in 2001 but the decrease from 1999 again was not statistically significant. Tributary sampling switched from biweekly to monthly in 2001 and likely influenced the power to detect changes between the two monitoring periods.

Median turbidity values at the fixed sites followed the same pattern observed for TSS (Figure 12b).  However, the LTRMP main channel boarder site above Lock and Dam 8 indicated significantly higher summer turbidity values in 2001 as compared to 1999.  This result was consistent with the information collected at the platform site near Crosby Slough as part of this study.  However, the difference in turbidity values between 1999 and 2001 above Lock Dam 8 was noticeable greater (13 ntu) than that observed at the platform site (Figure 12b). It was noted that tributary turbidity levels were lower in 2001 and main channel turbidity in upper Pool 8 (RM 701.1B) did not reveal high levels in 2001. The combination of greater TSS concentrations and turbidity values at the site above Dam 8 in 2001 may suggest increased sediment resuspension processes in the shallow impounded reach just upstream of the dam.   

Chlorophyll a concentrations were relatively low (<15 ug/L) at most of the LTRMP fixed sites during the summers of 1999 and 2001 (Figure 12c).  The exception was the La Crosse River, which had relatively high chlorophyll concentrations (50-75 ug/L) in both years. Significantly greater chlorophyll levels were detected at the main channel border site above Lock and Dam 8 in 2001 and were consistent with higher turbidity and TSS levels observed at this location (Figure 12b).  However the amount of chlorophyll increase at the site above Lock and Dam 8 between 1999 and 2001 was rather small (about 5 ug/L).  This may suggest that the increased diurnal DO fluctuations observed at the platform site in the summer of 2001 (Figure 7a) may have been more related to increased photosynthetic activity associated with submersed aquatic macrophytes, periphytin or other "attached" algae rather than phytoplankton. 

Secchi disk transparency measurements at "fixed sites" collected by the LTRMP were only available for Mississippi River sites (Figure 12d).  The results for the main channel border station in Upper Pool 8 (RM 701.1B) exhibited a noticeably greater median in the summer of 2001 (95 cm) than 1999 (70 cm), but this difference was not statistically significant.  In contrast, the main channel border site above Lock and Dam 8 showed significantly lower transparency in 2001 (50 cm) as compared to 1999 (80 cm).  These latter results were consistent with light penetration measurements recorded at the platform site near Crosby Slough, which indicated significantly lower light penetration during the summer of 2001 (Figure 6).  An evaluation of LTRMP summer (July-August) stratified random samples (SRS) for Pool 8 indicate a general pattern of decreasing transparency longitudinally (Figure 13). These data suggest that sediment resuspension and tributary inflows of particulate materials often contribute to a lowering of transparency in lower Pool 8.  The drawdown in 2001 did not appear to change this typical gradient in transparency. 
Summary and Conclusions

Continuous water quality and meteorological monitoring was conducted in the summer (June-September) of 1999 and 2001 to assess the influence of water level drawdown in Pool 8 of the Mississippi River.  Water levels were lowered about 1.5 ft during July to September 2001.  Data collected during 1999 served as the base year to assess potential water quality changes associated with the drawdown.

Besides a significant lowering of water levels during the summer of 2001, daily changes in river stage at Brownsville, MN were significantly greater during the summer of 2001 than 1999.  However the average increase in stage level fluctuation was only 0.04 ft/day and likely did not contribute to hydraulically-induced changes in water quality measurements.  The increased pool level fluctuation in the summer of 2001 may have reflected a greater range in river flow during that period as well as changes in dam operational procedures needed to meet the targeted drawdown elevations at La Crosse, WI or Dam 8.  

The range of river flow was substantially greater in the summer of 2001 as compared to 1999 and presented difficulty in the analysis of drawdown-induced water quality impacts.  Total suspended solids, turbidity and light penetration all showed significant correlations to river flow.  The correlations were greater during 2001 as a result of the greater range in river flow during this period.  In general, wind-induced effects (sediment resuspension) explained less of the variation in TSS, turbidity or light penetration than river flow.  TSS concentrations were not found to be significantly greater during the summer of 2001 as compared to 1999 when accounting for changes in river flow between the monitoring periods.  Turbidity measurements were highly correlated to TSS and followed a similar changes to that reported for TSS.   Drawdown-induced increases in TSS and turbidity were not apparent at the Crosby Slough monitoring site.  

Mid-day light penetration measurements normally followed an opposite response to daily composite samples of TSS and turbidity with penetration decreasing as these water quality variables increased.  An exception of this response was observed in data collected during July of 1999 versus 2001, where TSS, turbidity and light penetration decreased.  This anomaly was not explained and may have been associated with different differences in sampling between these measurements.  As found with TSS and turbidity, the influence of river flow exhibited a greater effect on light penetration than did wind speed.  There did appear to be a noticeable decrease (0.25 m lower) in light penetration in the summer of 2001 as compared to 1999 after adjusting for differences in river flow.   This observation was not consistent with the flow-adjusted TSS or turbidity data, which did not indicate significant increases in the 2001 summer period.  Although these results suggest a potential drawdown induced impact on light penetration in 2001, the lack of corresponding flow-adjusted increase in TSS or turbidity in 2001 is confounding.  The effects of wind speed on light penetration was similar in both monitoring years so the decreases in light penetration observed in 2001 were not believed to be associated with increases in wind-induced sediment resuspension near the monitoring platform.

The LTRMP site above Lock and Dam 8 revealed significantly lower transparency measurements (30 cm less) in 2001 as compared to 1999.  A main channel site monitored in upper Pool 8 did not follow this response.  Further, significantly higher turbidity values (13 ntu more) were observed at the site above Lock and Dam 8 during the summer of 2001 as compared to 1999 and the amount of increase was greater than that observed at the monitoring platform in Crosby Slough (unadjusted for flow).  Long-term transparency records obtained by LTRMP for Pool 8 revealed a longitudinal gradient with values decreasing from upstream to downstream.  Suspended particulate matter from tributaries and sediment resuspension in the impounded area likely contributes to this response.  The drawdown in 2001 did not appear to influence this gradient in transparency.

Dissolved oxygen probes required frequent cleaning and calibration and likely affected the quality of the recorded data.  A noted increase in diurnal DO fluctuation was apparent during 2001 and was believed to be drawdown-related.  This was especially noted in the diurnal changes in DO saturation.  Pre-study planning predicted a decrease in DO concentrations and diurnal fluctuations due to increased sediment resuspension.  However, the results of this study suggested aquatic plant photosynthetic activity increased during drawdown and resulted in higher DO concentrations and increased diurnal changes.  It was uncertain what component of the aquatic plant community contributed to this response.  It was suspected that benthic algae and submersed aquatic macrophyte growth in the immediate vicinity of the monitoring site might have been more important than phytoplankton. This was based on the relatively low chlorophyll a concentrations levels measured in Pool 8 during the summer of 2001 by the federal LTRM program. 

In summary, water level drawdown during the summer of 2001 did not contribute to any measurable deterioration in water quality based on monitoring conducted in Crosby Slough.  The monitoring site was influenced more by changes in river flow than changes in water levels.  It is expected that future summer drawdowns in other navigation pools will not contribute to significant changes in water quality if performed in a similar manner to Pool 8.
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Figure 2

.  A. 

River flow at Lock and Dam 8 during the 1999 and 2001 summer monitoring period.

B

. River stage at Brownsville, MN during the 1999 and 2001 summer monitoring period. Regulatory

control elevations indicated by horizontal lines.  Data from the US Army Corps of Engineers.
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Figure 3. 

A

. River stage-flow relationships based on stage levels at Brownsville, MN versus river

flows at Lock and Dam 8.  Historical statge-flow relationship based on regression of long term data

(1988 to1998). 

B

. Daily change in Pool 8 river stages at Brownsville, MN during the summer of

1999 and 2001. Data from the US Army Corps of Engineers.
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Figure 4. 

A

. Summer of 1999 wind speed data recorded at the platform site in Pool 8 and obtained 

from the US Weather Service in La Crosse.  

B

.  2001 Summer of 2001 wind speed data from the same

locations and period.
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Figure 5.  

A

. Distribution and Rose diagram of hourly average wind direction frequencies recorded at 

the platform site in Pool 8 during during the summer of 1999.  

B

. Distribution and Rose diagram of 

hourly instantaneous wind direction frequencies recorded during 2001.
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Figure 6.  

A

. Average mid-day light penetration measurements recorded during the summer of 1999

at the platform site in Pool 8.  

B

. Same data recorded during the summer of 2001.  Light penetration

measurements represent the depth at which 1% of surface photosynthetically active radiation

penetrates.
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Figure 7.  

A

. Average hourly water temperature, dissolved oxygen saturation and dissolved oxygen

concentrations recorded at the platform site in Pool 8 during the summer of 1999.  

B

. Same data 

recorded during the summer of 2001.
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Figure 8.  

A

. Average daily turbidity values, total suspended solid (TSS) concentrations and

time-integrated gross sedimentation rates measured at the platform site in Pool 8 during the 

summer of 1999.  Daily flow data reported by the US Army Corps of Engineers for Lock and

Dam 8.  

B

. Same data recorded during the summer of 2001.
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Figure 9. 

A

.  Total suspended solids concentrations (daily composite samples) at the monitoring 

site in Pool 8 versus river flow at Lock and Dam 8 measured during the summer period (June-Sept)

of 1999 and 2001.  

B

. Turbidity versus river flow.  

C

. Mid-day light penetration versus 

river flow.  Polynomial regression equations based on the 2001 data only.
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Figure 10. 

A

.  Total suspended solids concentration (daily composite samples) versus average

daily wind speed measured at the monitoring site in Pool 8 during 1999 and 2001.  

B

. Turbidity 

versus average daily wind speed.  

C

. Mid-day light penetration versus average mid-day wind speed. 
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[image: image15.emf]                     Table 1.  Summary of water quality and meterological monitoring conducted near

                      Crosby Slough in lower Pool 8 during the summer of 2001.

Flow - Lock & Dam 8 cfs   Total Suspended Solids mg/L     Turbidity ntu

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 24 80242 64900 91000 24 32.1 20 55 24 21.8 16 36

July 31 44519 27300 78400 31 19.8 11 42 31 13.2 8 28

Aug. 31 26887 13600 44700 31 20.8 13 31 31 15.1 10 24

Sept. 13 23754 16700 30100 13 21.4 17 27 13 16.5 13 21

All 99 44931 13600 91000 99 23.3 11 55 99 16.3 8 36

     Mean Daily Wind Speed mph   Max. Daily Wind Speed mph     Avg. Wind Direction deg.

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 24 171 133 247

July 30 7.7 4 16 30 19.8 9 34 30 157 61 270

Aug. 31 7.6 4 12 31 18.3 10 31 31 178 95 281

Sept. 13 8.8 4 13 13 22.7 13 48 13 177 122 243

All 98 7.8 4 16 98 19.7 9 48 98 170 61 281

       Gross Sed. Rate g/cm^2/day

      Dissolved Oxygen mg/L

1

     Diurnal DO Swing mg/L

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 3 0.248 0.133 0.335 24 7.7 5.2 11.2 24 1.4 0.5 3.0

July 3 0.106 0.037 0.244 30 8.0 4.6 13.6 30 3.7 1.0 7.2

Aug. 3 0.039 0.034 0.045 31 8.2 5.0 13.0 31 4.2 2.0 7.4

Sept. 2 0.026 0.026 0.027 13 8.2 5.6 10.6 13 2.0 1.3 3.1

All 11 0.112 0.026 0.335 98 8.0 4.6 13.6 98 3.1 0.5 7.4

             Water Temperature C        Diurnal Temp. Change C        Depth 1% Light Pen. m 

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 24 22.4 16.3 27.0 24 1.9 0.9 3.0 23 1.24 0.91 1.22

July 30 26.3 22.7 31.1 30 3.5 1.0 5.4 30 1.45 0.94 1.99

Aug. 31 25.7 21.5 32.5 31 2.8 0.9 4.8 30 1.29 1.07 1.56

Sept. 13 22.1 19.3 24.9 13 1.8 0.9 3.0 13 1.22 0.95 1.49

All 98 24.6 16.3 32.5 98 2.7 0.9 5.4 96 1.32 0.91 1.99

   PAR  mols/m

2

/day   Solar Radiation langleys/day

2

n Mean Min. Max. n Mean Min. Max.

June 22 46.4 17.2 59.6 24 551 201 706

July 28 45.2 24.2 59.6 31 551 285 718

Aug. 28 37.3 8.7 51.7 31 444 96 618

Sept. 12 32.1 12.3 43.3 13 380 132 514

All 90 41.3 8.7 59.6 99 495 96 718

           

1 

Means based on hourly averages, Min. and Max. based on 1 minute logging.

           

 2 

Measurements at Wisconsin DNR state office building in La Crosse.


[image: image16.emf]                     Table 2.  Summary of water qaulity and meterological monitoring conducted near 

                     Crosby Slough in lower Pool 8 during the summer of 1999.

Flow - Lock & Dam 8 cfs   Total Suspended Solids mg/L     Turbidity ntu

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 20 54795 46017 58483 20 22.1 11 47 20 14.4 9 23

July 31 51782 44750 63683 31 27.5 16 49 31 17.0 9 31

Aug. 31 46500 35800 63700 31 23.7 17 50 31 14.0 10 24

Sept. 11 33652 27350 37417 11 18.5 16 21 11 12.4 9 16

All 93 48507 27350 63700 93 24.0 11 50 93 14.9 15 31

     Mean Daily Wind Speed mph   Max. Daily Wind Speed mph     Avg. Wind Direction deg.

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June

July 31 8.4 4 16 31 21.8 10 38 31 181 115 288

Aug. 31 8.3 4 14 31 19.0 9 37 31 166 65 269

Sept. 11 8.4 3 13 11 17.8 9 26 11 203 147 289

All 73 8.4 3 16 93 20.0 9 38 73 178 65 289

       Gross Sed. Rate g/cm^2/day       Dissolved Oxygen mg/L      Diurnal DO Change mg/L

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 1 0.095 16 7.5 6.1 9.1 16 1.9 1.2 2.6

July 4 0.121 0.101 0.146 31 7.1 5.1 9.4 31 2.1 1.2 2.9

Aug. 2 0.104 0.061 0.146 31 7.2 5.6 9.6 31 1.6 0.6 3.0

Sept. 2 0.045 0.041 0.049 11 8.1 6.6 9.6 11 1.7 1.2 3.0

All 9 0.098 0.041 0.146 89 7.3 5.1 9.6 89 1.8 0.6 3.0

             Water Temperature C        Diurnal Temp. Change C        Depth 1% Light Pen. m 

n Mean Min. Max. n Mean Min. Max. n Mean Min. Max.

June 16 22.9 20.3 26.8 16 2.5 1.1 3.9 14 1.83 1.47 2.21

July 31 26.1 21.9 31.3 31 2.7 0.9 4.2 31 1.77 1.30 2.40

Aug. 31 24.3 21.4 28.6 31 2.1 0.5 3.5 31 1.52 0.96 1.89

Sept. 11 22.7 18.8 25.9 11 2.4 1.5 3.4 11 1.68 1.33 1.88

All 89 24.5 18.8 31.3 89 2.4 0.5 4.2 87 1.68 0.96 2.40

   PAR  mols/m

2

/day   Solar Radiation langleys/day

2

n Mean Min. Max. n Mean Min. Max.

June 16 41.8 19.8 58.7 16 525 198 706

July 31 43.6 10.6 58.8 31 519 90 722

Aug. 31 35.6 11.2 54.2 31 430 117 656

Sept. 11 35.9 22.6 43.2 11 440 214 531

All 89 39.5 10.6 58.8 89 479 90 722

           

 1

Means based on hourly averages, Min. and Max based on 1 minute logging.

           

 2

Measurements at Wisconsin DNR state office building in La Crosse.
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