Water Quality of Fish, Crystal, Mud Lakes Summer 2010
Sampling Methods
Water quality was sampled in Fish, Crystal and Mud Lakes, once a month in June, July and August.  Fish Lake is a deep (64 ft.) stratified seepage lake, while Mud and Crystal Lakes are shallow, non-stratified seepage lakes, with depths of 7.6 ft. and 12 ft., respectively.  WDNR standard sampling methods were used, and all samples were analyzed at the State Lab of Hygiene.  Samples were collected from 3 foot depths in total depths of between 5-6 feet, and between the hours of 9:30 am. and 1:30 pm.  Lake sample locations were taken from the southwest bay of Crystal Lake, the northwest bay of Fish Lake and adjacent to the culvert connecting Fish and Mud Lakes, in Mud Lake adjacent to the culvert, at the Fish Lake boat landing, and at the outlet pipe from Mud Lake to the Wisconsin River. Lake sample locations are marked on the map shown below.  Parameters collected were BOD5, total phosphorus (TP), total suspended solids (TSS), alkalinity, conductivity, and pH.  Ammonia-N samples were collected in June and July only, but the August sample was dropped due to very low or non-detectable readings of ammonia at all sites.  In June, the Mud Lake sample was collected from the outlet pipe at the Wisconsin River, while the August Mud Lake sample was collected directly from the lake.  No sample is available for Mud Lake in July. Profiles were also taken at each location for all sampling events using a YSI multi-parameter meter that was calibrated prior to each sampling day.  Parameters collected were temperature, dissolved oxygen (mg/l) and % saturation, specific conductivity, and pH. 
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Secchi Data Comparisons

Water transparency was poorest at Mud Lake, followed by Crystal Lake.  These lakes never exceeded a transparency of more than 0.6 meters (2 feet).  Transparency was highest at 1.7 meters (5 feet) at the Fish Lake boat landing in June, where the secchi disk hit bottom.  Transparencies were similar between The Fish Lake culvert and the Fish Lake boat landing, except during June when transparency at the culvert was a half a meter lower, due to observed poorer transparency water flowing from Mud Lake into Fish Lake through the culvert.  Transparencies generally declined from June to August in all lakes, with the exception of Crystal Lake, where the secchi showed a slight improvement in the July sample; likely due to pumping of rain or ground water from landward of the sand bags and out to the bay.
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Trophic State Index Data Comparisons
The Trophic State Index (TSI) data is normally calculated from secchi readings collected at the deep hole in a lake.  However, the secchi data was collected in 5-6 feet of water because this was the depth proposed by the Crystal, Fish and Mud Lakes District for placement of pumps in Fish and Crystal Lakes.  Note that the secchi hit the bottom in Fish Lake during the June sample, so that the calculated TSI would have been lower than what is represented in the graph.  Crystal and Mud Lakes TSI indicates those lakes are hypereutrophic, while The Fish Lake boat landing was meso-eutrophic, and Fish Lake at the culvert was eutrophic.
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Phosphorus

Recent rule revision under S. 283.11, Chapters NR 106 and 200 defines a set of phosphorus water quality standards criteria for Wisconsin’s surface water, and for incorporating phosphorus water quality based effluent limitations into WPDES permits.  In part, the criteria is intended to prevent in-stream algae and other plant growth to the extent that it is detrimental to fish and aquatic life, as well as to minimize algal blooms and shifts in plant species in lakes.  The phosphorus water quality standard criteria for listed rivers such as the Wisconsin River is 100 ug/l; for stratified seepage lakes such as Fish Lake the criteria is 20 ug/l; and for non-stratified shallow lakes such as Crystal and Mud Lakes the criteria is 40 ug/l.  Mean phosphorus values for Mud and Crystal Lakes were high at 264 ug/l and 123 ug/l, respectively.  Yet, pumping water during the summer from Mud or Crystal Lakes would not exceed the phosphorus criteria for the Wisconsin River because the actual permit limit for phosphorus in a wastewater discharge is 1000 ug/l, as the river flow is 1100 times the Lake District’s pumping rate.  If water was pumped from Crystal or Mud Lakes directly into Fish Lake during summer, phosphorus criteria for Fish Lake would be exceeded.  Due to the culverts linking Fish and Mud Lakes, there is a strong possibility that pumping from Fish Lake to the Wisconsin River would pull water through the Mud Lake culvert into Fish Lake, and result in poorer water quality in Fish Lake.  Mean phosphorus values for Fish Lake at the culvert and boat landing were low at 40 ug/l and 32 ug/l and these values indicate pumping to the Wisconsin River during summer would not exceed the phosphorus criteria for the river.  
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Phosphorus (Continued)

Mean phosphorus values were highest in Mud Lake at 0.264 mg/l, followed by Crystal Lake at 0.123 mg/l.  Mean phosphorus values for both Crystal and Mud Lakes exceeded the impairment thresholds for phosphorus in seepage lakes as outlined in Wisconsin 2010 Consolidated Assessment and Listing Methodology (WisCALM).  At the Fish Lake culvert mean phosphorus was 0.04 mg/l, or just at the phosphorus impairment threshold, while at the Fish Lake boat landing mean phosphorus was below the impairment threshold at 0.032 mg/l.
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Total Suspended Solids
Total Suspended solids (TSS) were highest in Mud Lake followed by Crystal Lake, and low at both locations in Fish Lake.  TSS in Mud Lake during the August sample was 59 mg/l and exceeded the criteria outlined in the Crystal, Fish and Mud Lakes WPDES discharge permit to the Wisconsin River.  The district (Dave Padley) sent an email on August 16 stating that TSS in water from the Mud Lake outlet to the Wisconsin River was 40, and the pump was shut off to avoid exceeding the criteria of 40 mg/ TSS in the District’s WPDES permit.  Padley took another sample from the Mud Lake outlet on 8/16 and reported that TSS was 29 mg/l.  The sample collected by Unmuth on 8/17 was 59 mg/l, and represented a difference of 30 mg/l higher than the District’s sample in just a 24 hour period.  It is not clear why there would be such a significant difference of TSS between the Department’s and the Lake District’s sample results.  The TSS value from the Mud Lake outlet in June was 38, and close to the criteria in the WPDES permit.   
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Biological Oxygen Demand
Biological oxygen demand (BOD5) was highest at the Mud Lake during the June sample at 11.2 mg/l, but all samples were well below the criteria of 20 for BOD5, listed in the District’s WPDES permit.
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