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Submittal of Dissolved Oxygen Monitoring Results-License Article 404 

Dear Magalie Roman Salas: 

On behalf of Wi~onsin Power and Light Company and in accordance with the September 1 I, 2003 
Federal Energy Regulatory Commission Order Approving Water Quality Monitoring Plan Under Article 
404, we are pleased to provide you with an original and eight copies of the 2006 dissolved oxygen (DOI 
monitoring results for the Prairie du Sac hydroelectric facility. This letter also serves to inform you that 
the DO monitoring results have been submitted to the appropriate resources agencies for review and 
comment. We anticipate di~ussing the monitoring results and potential DO mitigation measures with 
the resource agencies on an on-going basis and/or during our annual meeting in 2007 regarding License 
Article 408 (Aquatic Resources Enhancement Plan). The enclosed report contains analysis of the third 
and final year of initial DO monitoring and the collective monitoring results for all three years of 
monitoring. Recommendations for enhancing DO concentrations in the project di~harge, as required by 
plan under Article 404, will be developed in consultation with the resource agencies. 

Please contact me if you have questions or regluire additional information regarding this submittal. 

Regards, 
Natural Resources Coasulting, Inc. 

William R. Poole 
Principal Scientist 

Enclosure 

Cc. Mildred Godoy-Daniels - All|ant Energy 
Patricia Grant FERC 
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Prair/e du Sac H)~hme~ecU~c P~ 
WP&L 
December 15, 2006 

Dissolved Oxygen Monitoring Report 
Sauk & Columbia ~ Wisconsin 

NRC Project # 06-013 

INTRODUCTION AND OBJECTIVES 

Wisconsin Power and Light Company (WP&L) operates the Prairie du Sac (PDS) hydroelectric facility on 
the W/sconsin Rive~ in Pra/r/© du Sac, Cohm~ia and Sauk Coumie~ W/scons/n. In accordance with 
Article 404 of the Federal Energy Regulatory Commission (FERC) Order Issuing Original License (June 
27, 2002) for the Prair/e du Sac Hydroelectric Project, FERC Project No. 11162, WP&L w a s  required to 
develop and implement a dissolved oxygen monitoring and enhancenumt plan for this facility. His~ric 
water  quality monitoring conducted by WP&L and the Wisconsin Department of Natural Resources 
(WDNR) indicated that at times dissolved oxygcn concentrations may be lower than the 5 mg/L Water 
Quality Standard as specified under W'~ons/n Adm/nistrative Code Chapter NR 102. Monitoring has 
shown that dissolved oxygen concentrat/ons may be as low as 2 to 3 mg/L at the intake and in the tailrace 
during ~ months. WP&L also previously inve~igated the use of tmbix~ vacuum breakers to raise 
disaolved oxygen levels in the turbine discharge; however the results were reportedly inconclusive. 

On behalf of WP&L, Natural Resources Consulting, Inc. (NRC) developed the dissolved oxygen 
monitoring and enhancement plan for the PDS facility, which was filed with FERC on March 27, 2003. 
The Order Approving Water Quality Monitoring P/an Under Ar6c/e 404 (Order) was issued by FERC on 
September 11, 2003. The plan requires WP&L to monitor dissolved oxysen leveJs at their PDS fac/lity 
during the mmuner low flow periods for a three-year period and re-evaluate the potential for vacuum 
breakers to increase dissolved oxygen levels in the tailrace. In 2004, the vacuum breakers were evaluated 
and proven to be ineffect/ve at increasing dissolved oxygen levels in the tailrace, and therefore were not 
evaluated this year. 

In 2006, NRC conducted the final year of this water quality investigation at the PDS facility tmcording to 
thcOrd~. Thisrcport summaziz~ thcmcthodsandresultsofthisinvestigation for thc final year. The 
report also includ~ a br/cf summary of the 3-year study. 

Regulatory and Scientific Expertise - Wetlands, Soils, Ecology, Restoration 
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METIIODS 

An AquaSonde 2002 dissolved oxygen and ~ data losger was installed just upstream of  an 
operating turbine unit intake and in the tailrace associated with the same unit immediately d o ~  of 
the facility fzom June 21, 2006 to September 15, 2006 to monitor water quality conditiom. The upstream 
logger was deployed midway between the bottom of  the intake wall and the lake bottom, which is a depth 
of  approximately 20 feet. The downstream logger was installed at approximately mid-depth in the turbine 
discharge area of the tailrace. The loggers were programmed to record dissolved oxygen and teraperattue 
at 15-minute intervals, and were downloaded and serviced (probe cleaning, recalibration, etc.) once or 
twice per week. 

The data loggers were installed at Turbine Unit 5 from June 21 through September 15, 2006 (Table 1). 
Logger#171 on the upstream side was removed for repair on July 3 and replaced on August 11. On July 
10, the downs/ream logger #172 was inadvertently dropped to the bottom of  the ta/lrace and was retrieved 
on July 14. The logger was redeployed on July 18 ~ ~ ill place for the ~ e r  of  the 
monitoring period. 

Table 1. Summary  of Data Logger Deployment 

LOCATION PERIOD LOGGER # 
u / w r 5  

Upstream 

Downstream 

6/21 to 7/03; ~ 171 
8/11 to 9/15 

6/21 to 7/14; and 172 
7/18 to 9/15 

As discuased, the loggers were recah'brated once or twice per week (Appendix A). T h e ~  cah'txation data 
were used to adjust dissolved oxygen values to account for ~ drift for proposes of  evahmting ~ 
frequency of  dissolved oxygen ~ below the s~de water qualiw limfl of  5.0 mg/L  For 
example, i f  the instrument read 0.5 mg/L nigher than the standard during a re-calilm~on event, all values 
betweon this calibration period were adjusted by this amount. While we ~ the instrument l/kely 
did not begin drifting immediately after it was replaced in the water afle~ c a l i b ~ o n ,  it is not po~n'ble to 
determine when the ~ actually began to drift between download periods. As such, the corroded 
and uncorrected values provide a likely range of  the number of times dissolved oxygen levels were below 
5.0 mg/L. 

WP&L staff manually measured dissolved oxygen and w a t ~  ~ with a Yellow Springs Inc. (YSI) 
Model 55 hand-held ~ in an ups/ream aod downstream location e v e ~  work day monfing during 
the logger-deploymem period. Upstream of  the facil/ty, meastaemmts were taken ~ the w a t ~  
cohunn at one-meter increments in front of  the intake at Unit 5. Tbe bottom measuremont was normally 
takon around 11 meters (~36 fe~). A1 downslremn locat/ons, measuremems were t a k ~  at Un/t 8 ( thclock 
aide), Unit 1 (the shore side) and at an operating unit between these areas (Unit 5). The downm'eam 
readings were taken at mid-depth, since minimal atralification had been observed during the 2004 
monitoring period. The main intent of  these manual measta-emmts was to validate dissolved oxygen 
concentrations recorded by the data loggers. 

Regulatory and Scientific Expertise - Wetlands. Soils, Ecology, Restoration 

Page 2 



Jnofflclal FERC-Generated PDF of 20070112-0018 Received by FERC OSEC 01/08/2007 in Docket#: P-ii162-065 

Prmric du S~ Hydrodec~c ]~oject 
WP&L 
Dc~ember 15, 2006 

muotved Oxygen Me.toting Report 
Sauk & Cohnnbia Comities, Wiscons/n 

NRC Pmjec~ # 06-013 

During a scoping meeting with the regulatory agencies, the WDNR indicated there "needs to be 
monitoring for the downstream effects of ammonia." NRC's work plan (March 25, 2003) indicated a 
water sample will be collected from the tailrace area durin8 a low d/ssolved oxygen per/od and analyzed 
for ammonia. While this was not specified as a required task in the Order, a water sample fi'om the tailraco 
was collected by NRC on August 01, 2006 and sent to an analytical laboratory for ammonia analysis. 
Water temperatore and dissolved oxygen wege determined at the time of sample collection with an Aqua 
2002 dissolved oxygen and temperature data logger. 

RESULTS 

Continuous Data ~ers 

The relationship between temperature and dissolved oxygen upstream and d o ~  of the PDS facility 
from June 21 through September 15, 2006 is presented in Figures 1 and 2, rcslgctively. A summary table 
of these data is presented/n Table 2. Dm'ing this deployment period, the data logg=s were installed at 
Unit 5 from June 21 through September 15, 2006 (Table 1). 

Table 2. Summary of Water Temperature and Dissolved Oxygea 
June 21 through September 15, 2006. 

TEMPERTURE ( °~  

Minimum Maximum Average 

17.9 26.7 23.1 

D o ~  17.4 28.9 24.5 

DISSOLVED OXYGEN (mg/L) 

Minimum Maximum Average 

Upstream 0.6 11.0 5.5 

Downstream 
1.9 14.6 5.4 (uncorrected) 

Down~-enm 
0.4 

Velum w~e com~ed u~ng ~ h ~  deta 

12.1 5.6 

Dissolved oxygen levels upcttnmm and downstream of Unit 5 genentlly followed sin~lar trends dorin8 this 
monitoring period (Figures 1, 2 and 3). Ftn-thermore, the data from upstream and downstream did not 
show any consistent difference between the two locations. 

Regulatory and Scientific Expertise - Wetlands, Soils, Ecology, Restoration 
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Breaks in the data are evident from both the upstream and downstream loggars. Inconsistent and erratic 
readings werc observed at the upstream location (Logger #I 71) during late June. This logger was removed 
for repair and was replaced in early Ausust, thus there is a gap in upstresm readings from July 3 until 
August 11. The downstream logger (#172) was inadvertently dropped to the bottom of the tailrace on July 
10, but continued collecting data until J'~ly 14. The logger was relieved on July 14 and redeployed after 
calibration on July 18. Thus data was not collected between July 14 and July 18. 

Dissolved oxygen concentrations downstream o f ~  traits dropped below 5.0 mg/L between 32.5 percent 
(corrected values) and 40.7 percent (uncorrected values) ofthc time dunn8 this monitoring period. 

M u u a l  Monltorim~ 

Field sheets summarizing manual dissolved oxygen and water temperature measurements upstream and 
downstream of the facility are provided in Appendix B and C, respe~vely. The main intent of this manual 
monitoring was to validate dissolved oxygen m c a s u r e n ~  recorded by the data loggers and characterize 
the degree of stratification near the intake units. 

A comparison of the continuous dissolved oxygen measurunents and the c o n c ~  corroded values 
with the downstrenm manual readings a:e presented in Table 3. The values in the table are taken from the 
continuous logger at the same time as thc manual reading. The corrected values werc calculated fixnn the 
calibration log provided in Appendix A. Overall, the continuous and corrected dissolved oxygen 
mensurements compared favorably with the numual ~ .  Tbe amtinuous logger mensurm~nts 
were within 15 percent ofthe manual readings over 63 percent ofthe time; and the corrected values were 
within 15 percent of the manual readings about 60 pen:ent of the time. 

Some of the observed variation betwcen the manual and data logger meammm~ts could be explained by 
diffaent measurement locations within a turbulent discharse bay end differences between the recorded 

Although the diffel~es between the manual and continuous values were noteworthy at times, the overall 
trends were yes7 similar. Figure 4 shows the manual md conected logscr rendings over the course of the 
monitonng period. Generally, the vames trended togeth~, although the manta1 rendinss were slightly 
higher. Tbamanualreadinpwerebeinw5.0ms/L36.1 pacent ofthetime. The uncorrected logscs- 
measurements wac below 5.0 mWL 42.8 pacont, compared with the corrected data at 34.6 percent. Allof 
thc data w ~  tsken flora thc closest corresponding po/nt in timc. It should be uoted tbat the maraud 
rendings were generally taken at 8AM and the closest logger readin8 was used for the comparison. The 
dissolved oxygen readings were generally lowe~ likely because the readings were taken in the momins, 
when the values arc expected to be lower. 

Manual dissolved oxygen ~ t s  were taken in the tmbinc discharge area at the shore-side of the 
powerhouse, the lock side, and a location in the approximate middie oftbe tailrace area. During the 
monitorin8 period the middle unit (Unit 5) was always in operation. Typically one or both of the other 
locations were not nmnin8. A comparison of dowustresm manual dissolved oxygen measurements among 
traits while running and uot ruoning are presented in Figure 5. Because of variabilRy in ~ 
times, precipitation trends, and many othe~ veriables, the results of this c o m ~  are somewhat 
inconclusive. However two genera/trends could be observed from the data. Overall, the dissolved oxygen 
readings at the middle unit (Unit 5) trended higher than the shore or lock sides. Since readings at this 
location wele taken only while the turbines were running, i t is likely because the unit was in operat/on. 
The other general observation is that shore-s/de readings were generally higher than lock-s/de, rcgardiess 
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of whether or not the unit was running. Both trends were only evident earlier in the observation period 
from mid-June ur~il about late-July. 

At the upstream loc~.ions, the thermociine often occurred nero" the depth of the data logger, and slight 
differences in measurement depths between the manual probe and the data logger likely resulted in varying 
dissolved oxygen concentrations. Due to this sotrce of variation, a compa:ison of dissolved oxygen levels 
between these instruments was not conducted for the upstream area. 

The manual upst~am data was considered for differences between surface and bottom dissolved oxygen 
readings. The degree of dissolved oxygen stratification near the intakes varied during the study period, 
and the d/fferences ofthese values are presented over time in Figure 6. As shown in the graph, the surface 
readings wee  genendly higher than the dissolved oxygen values recorded on the bottom. At times the 
surface readings spiked to greater than 6 mg/L higher than the bottom ~ During mine periods 
of inorensed stratification, dissolved oxygen values were below 2 mf,/L at the lake bottom. 

There was variation in the values, however, as many surface values were similar to or slightly leas than 
bottom readings. The variations are likely due to many factors including precipitation, wind/wave action, 
and time of the meamu'enz~s. In addition, the actual depth of the bottom measurement was likely 
variable due to the effect of strong water currents moving the instrument probe around. 

Ammeaht W e  

Results of the tailrace ammonia sampl© are ~ in Table 4. 

Table 4. Remflb ef Tailrace Ammonia Sample, Augu~ 1, 2006 

Dis~lved Oxygen Water Te~nperature Ammonia nitrogen 88 N 

3.4 ms/L 26.77 oC 0.21 ms/1 

Ammonia toxidty is related to water temperatu~ and pH. Althcogh pH was not determined at tbe time of 
sample collection, the ammonia level observed in the tailrace on this date is below acute and chronic 
toxicity criteria specified in Wls. Admin Code NR105.06 for pH levels typically encounten~¢l in natural 
surface water. 
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CONCLUSIONS 

D/ssolved oxygen and water temperature was continuously monitored upstream and downstream of an 
operatin 8 turbine unit (Unit 5) at the PDS facility from June 21 through September 15, 2005. Dissolved 
oxygen concentrations d o ~  o f ~ s e  units dropped below 5.0 ms/L betwem 32.5 pe~nnt 
(corrected values) and 40.7 percent (uncorrected values) of  the time during this monitoring period. 

Manual measurements of  dissolved oxygen were also taken downstream of  the facility at various locations, 
primarily to validate data logger measurements. Slight differences in the data were observed between the 
data logger and manunl ~ .  The differenocs in the data are likely due to different measurement 
locations and times, as well as some equipment failures during the observation period. Although some 
differences were observed, the data generally trended together. The roanual readings were ovcrall slightly 
higher than the logger values. However both manual and logger dissolved oxygen values were low. The 
manual dissolved oxygen readings were below 5.0 mg/L 36.1 percent oftbe time. The unco,ecled logger 
messurcments we=e below 5.0 ms/L 42.8 pe=ce~ compared with the corrected data at 34.6 percent. 

Manual dissolved oxygen measurements were taken in the turbine discharge an~ at ~ shore-side, the 
approximate middlc, and lock side of the tailrace area. Overall, the dissolved oxygen readings at the 
middie unit trended l'~gher tlum tbe shore or lock aides. However sinco readings at this locatinn were taken 
only while the turbines wc=e nmnln 8. it is likely because the trait was in operation. In addition, the shore- 
side readings were genendly higher than lock-side, rcsardlass of  whether or not the unit was nmning. 
These trends were only evichmt earlier in thc observation period flora mid-Jtme uotil about late-July. 

Vertical dissolved oxygen profiles were measured near the intake of the middle tmbine unit throughout the 
monitoring period. The degree of  dissolved oxygen stratification near the intakes vaned during the study 
per/od. The surface readings were genentlly h/gher than the dissolved oxygen va/ues recorded oli the 
bottom. At times the surface readings sp'tked to greater than 6 mg/L higher than the bottom ~ 
During some periods of  increased s~atificatinn, dissolved oxygen values were below 2 mg/L at the lake 
bottom. There was variation in the vain~,  however, as many surface values we=c similar to or slightly less 
than bottom rendings. The variations are likely due to many factors including precipitation, wind/wave 
action, aad time of tbe measure~nents. In addition, the actual depth oftbe bottom measuremem was likely 
variable due to the effect of  strong water entrems moving the insmnne~ probe a r m n ~  Based on the 
l o w ~  dissolved oxygen vnlucs observed in tl~c ~ relative to ~ data losger rc~lings, it is 
appanmt that a larger proportion of water is being drawn from the lower depths of  tbe headrace when: 
dissolved oxygen levels tend to be lower. 
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STUDY SUMMARY 

On behalf of WP&L, NRC monitored dissolved oxygen levels at theh- PDS facility during the summer low 
flow periods from 2004 to 2006. From this evaluation, some genend observations can be made. Turbine 
vacuum breakers were evaluated as a means of introducing dissolved oxyge~ in tai/race ames in 2004. 
Vacuum breaker evaluations were conducted at Unit 5 on two occasions and at Unit 8 on nine occasions. 
Results of these evaluations indicated that the vacuum breakers were ineffective at increasing dissolved 
oxygen levels in the tailrace, and therefore were not evaluated in subsequent years. 

The most significant conclusion of the 3-year monitoring is that dissolved oxygen concentrations in the 
tailrace drop below the 5 mg/L Water Quality Standard as specified und~ Wisconsin Administrative Code 
Chapter NR 102. For all three years, dissolved oxygen readings dropped below 5.0 mg/L for a period of 
time. In 2004, the concentration ofdiasolved oxygen fell below the 5.0 mg/L threshold at two downstream 
locations 24.6 percent and 17.3 percent oftbe time (16.6 percent using corrected values). During 2005 the 
dissolved oxygen ~ o n  were below threshold levels between 40.9 pezcent (corrected values) and 
49.6 percent (uncorrected values) of the time; and in 2006 the concentrations were below 5.0 mg/L 
betw~m 32.5 percent (corrected values) and 40.7 percent (tmcorrected values) during the monitoring 
period. 

C.meral observatiom of annual weather patten~ such as differenc~ in seasonsl air temperatta-e and 
precipitation of reach of the three year% suggest the extent and duration of readings below the 5.0 mgl/L 
threshold correlate to slm3mer weather conditions. 
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Figure 4. Dissolved Oxygen Data: Continuous Logger I ve Manual Rssdinge 
Downstream of the Prairie du Sac Facility 
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Figure 5. Comparison of Units Running I Not Running Downstream of the 
Prairie du Sac Facility 
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Prairie du Sac Hydroelectric Projec~ 
WP&L 
December 15, 2006 

Dissolved Oxygen Monhoring Report 
Sauk & Columbia Counties, Wiscocsin 

NRC Project # 06-013 

A P P E N D I X  D 

A N A L Y T I C A L  T E S T  R E S U L T S  

Regulatory and Scientific Expertise - Wetlands, Soils, Ecology, Restoration 



NORTHERN LAKE SERVIClE, INC. 
Analytical Laborato~f and Environmental Se~'toes 
400 North Lake Avenue - Crando~, WI 54520 
Ph: (715)-478-2777 Fax: ( 7 1 5 ) - 4 7 ~  

Client: Nattal l  ~ Conlultlng 
A~tn: Rachel V~mmn 

119 South Main Stnmt #O 
Cottage Grove,W1 53527 8200 

IITOJI~: Pr i ld l  du Sac ~ Dim/Q6-013 

L P,zlddaLl~L~_ _oam::BL, W.  • - - ]  
Ref. UnelCC~8823S Pm'meduSacCem-DovmStmam Hat~ix:SW 
Collected: 08101106 11:24 Reodved: 08/02/06 

Rllult 
NItro~,  ammonia as N ~unfll~we¢l I 0.21 

ANALYTICAL REPORT WDNR Laboratory ID No. 721026460 
WDATCP Laboratory Cedfflcatlon No. 105-330 
EPA Laboratory 10 No. WI00034 

Printed: 08/04/06 Code: S Page1 of 1 

NLS Project: 100227  

NLS Customer: 94176  

Fax; 608 839 1995 Phone: 608 839 1998 

Unltl Dilution LOD LOQ Analyzad Method Lab 
m ~ L  1 0.025 0.075 08/03/06 EPA 350.1 721026460 

Values k~ bradcets recxasent results greater than or equal to the LOO but less than the LOCi and are w~hln a region of "Lass-Cedain Quantttalian'. Result~ greater than or e~uaJ to the LOQ are cot~ldsced 
to be in the regk~ o~ "Ceda~ Quantltation'. LOO and/(x LOO t a g ~  with an aste~sk{') am c~u;~lem(:l Retorting Umits. All LOD~LOQs adjusted to refljF~lllu~on. / ~ / )  / ,  

• b _ . _ . _ Au thodzed  y :  LOO - Limit of Detection LOQ - Limit of QuantltaEan NO = Not Detected 10O0 ~ - 1 mg/L ~/,,~_ ~ . ! , ,  ~ - ~ : J , w  _ _ _ _  
DWB = D~7 Welgl~t Basts NA = Not Applicable %DWB = (mg/kg DWB) / 10000 Re,,4ewed by:. , ~ _  , _ ~ J / / I _ _  ~ / L ¢ ~ /  t~./. ~ruege~ 
MCL = Maximum Contaminant Leve~ for Drinking Water Samples Pmsldent 
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