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1.0 INTRODUCTION 

Kaukauna Utilities (Licensee) is in the process of relicensing the existing 2,013 kilowatt (kW) 
Kimberly Hydroelectric Project, FERC Project No. 10674 (Kimberly Project or Project) with the 
Federal Energy Regulatory Commission (FERC).  The Project is located on the Lower Fox River 
in Outagamie County, Wisconsin.  The Project is located at the Cedars Dam, which is owned and 
operated by the U.S. Army Corps of Engineers (USACE).  The Project is operated in a run-of-
river mode and the dam and accompanying flowage are not part of the Project license and are not 
included in the Project boundary.  The Licensee is not currently proposing any changes to the 
Project as part of the relicensing. 

The Licensee is using FERC’s Traditional Licensing Process (TLP) as established in FERC 
regulations, Title 18 of the US Code of Federal Regulations (CFR), Part 16.  The Licensee filed a 
Pre-Application Document (PAD) and Notice of Intent (NOI) to seek a new license for the 
Project on September 23, 2016 and Errata/Clarifications on September 30, 2016.  The PAD 
provides a complete description of the Project, including its structures, operations, and exiting 
environment. 

The Licensee prepared a Study Plan (SP), which outlined a Desktop Water Quality Study and a 
Recreation Facilities Inventory and Public Recreation Use Assessment.  The plans were sent to 
agencies and stakeholders for a 30 day review and comment on March 10, 2017.  No comments 
modifying the plans were received.  The SP was filed with FERC on May 15, 2017.  

The Licensee has completed the Desktop Water Quality Study, and the results of this study are 
shown in this report. 
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2.0 METHODS 

2.1  Study Goals and Objectives 

The Licensee conducted a desktop water quality study utilizing existing data collected by the 
Wisconsin Department of Natural Resources (Wisconsin DNR) and the Licensee.  The objective 
of this study was to evaluate dissolved oxygen (DO) and water temperature in the impoundment 
and downstream of the Project powerhouse, and to determine if the operation of the Project has a 
significant effect on DO and temperature. 

2.2  Study Scope and Methods 

DO and Temperature Assessment: DO and temperature data were evaluated above and below the 
Project between the Wisconsin Highway 441 bridge and the Little Chute Hydroelectric Project 
(FERC Project No. P-2588) (Little Chute Project).  The Kimberly Project Water Quality Study 
Area (Study Area) is shown in Figure 1. 

The Wisconsin DNR regularly collects water quality data on the Lower Fox River.  The Licensee 
requested DO and temperature data specific to the Study Area on May 31, 2017, which were 
received on July 14, 2017.  In total, data samples were taken at six Wisconsin DNR water quality 
sampling stations within the Study Area, four upstream of the Project and two downstream of the 
Project.  Station locations are shown in Figure 2.  Wisconsin DNR data included grab samples 
taken between 1975 and 2006.   

The original intent, as outlined in the SP, was to pool the Wisconsin DNR data into two groups, 
1) Project impoundment data and 2) Project tailwater data, in order to evaluate DO and 
temperature upstream and downstream of the Project.  Upon receiving the data, however, it was 
determined that because of the age of samples (1975 – 2006)1 and limited quantity of the data, 
the Wisconsin DNR data were not appropriate for evaluating current water quality conditions in 
the Lower Fox River in the Study Area, or for comparing the DO levels and temperatures above 
and below the Project to evaluate possible effects of Project operation on water quality.   
 
As an alternative to the Wisconsin DNR data analysis, available water quality data at the Little 
Chute Project were considered as a possible surrogate for evaluating Project effects on water 
quality.  The Little Chute Project (P-2588) is located immediately downstream of the Kimberly 
Project and is also owned and operated by the Licensee.  The Kimberly Project tailwater 
discharges directly into the Little Chute Project headwaters with no free-flowing river between 
the two Projects.  The Licensee conducted water quality studies for the Little Chute Project in 

                                                            
1  The water quality in the Lower Fox River continues to improve with river cleanups and polychlorinated biphenyl 
(PCB) removal projects and water quality conditions have likely changed since 2006.  It is also important to note 
that all Wisconsin DNR data were taken prior to the decommissioning and removal of the NewPage paper mill, 
which may have had an effect on water quality in the Study Area.   
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2001, 2006, 2011, and 2016.  During these studies, continuous (hourly) DO and temperature data 
were collected at stations upstream and downstream of the Little Chute Project (Figure 3).  The 
upstream station is located at the upper end of the Little Chute Project impoundment.  This 
station is located along the right side of the river, approximately 0.1 mile downstream of the 
Kimberly Project powerhouse.  The downstream Little Chute Project station is located 
approximately than 0.1 mile downstream of the Little Chute Project powerhouse.  Available data 
were analyzed to compare the DO levels and temperatures above and below the Little Chute 
Project to evaluate possible effects of the Little Chute Project operation on water quality.  Both 
Projects have similar characteristics, such as being located on relatively low head dams that 
create small riverine impoundments, are operated as run-of-river projects, are located at dams 
which are owned and operated by USACE, and have associated navigation canals.  Because the 
Little Chute and Kimberly Projects are located in close proximity on the Lower Fox River (less 
than 1 mile apart) and the Kimberly tailwater forms the Little Chute headwater, a comparison of 
water quality conditions above and below the Little Chute Project to assess Project effects may 
be representative of water quality conditions upstream and downstream of the Kimberly Project.  
The Little Chute Project upstream data also represents the tailwater conditions of the Kimberly 
Project.   
 
To evaluate the effect of hydroelectric generation on DO and temperature, the Little Chute 
Project daily average DO and temperature were computed from the hourly records (Kaukauna 
Electric & Water Department, 2001; Kaukauna Utilities, 2006, 2011, 2016).  The daily average 
data for the available sample years (2001, 2006, 2011, 2016), were then pooled and the average, 
minimum, and maximum DO levels and temperature data at both the upstream and downstream 
sample locations were summarized.  Project effects on water quality were evaluated by 
comparing the upstream and downstream data to determine if there were statistically significant 
differences (as determined by a t-test) between the DO level and temperature data above and 
below the Little Chute Project.  Data and findings are summarized in this study report.   

In addition, water quality data in the Kimberly Project tailwater (collected at the upstream station 
for the Little Chute Project) were compared with water quality standards for the Lower Fox 
River.  Water quality standards consistent with the Clean Water Act (CWA) have been 
established by the Wisconsin State Legislature in Chapter 281 of the Wisconsin Statutes, 
explained in detail in NR 102, 103, 104, 105, and 207 of the Wisconsin Administrative Code.  
For DO and temperature, the standards for the Lower Fox River include a minimum DO 
concentration of 3 milligrams per liter (mg/L) and natural daily/seasonal temperature fluctuations 
maintained within the temperature ranges as outlined in the regulations.   

2.3  Study Schedule 

The data were gathered and evaluated between April and September, 2017.  Study results were 
compiled and a draft study report was prepared in October, 2017.  The agencies and interested 
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stakeholders will be provided a 30 day period to review and provide comments on the draft study 
report.  A final study report will be completed in November, 2017. 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



DATE:
APPROVED BY:
CHECKED BY:
DRAWN BY:

FILE NO.:

TITLE:

PROJECT:

PROJ NO.:

Pa
th:

Plo
t D

ate
:

MARCH 2017

235559

Figure_1_Water_Qual_Study_Area.mxd

KIMBERLY HYDROELECTRIC PROJECT
KIMBERLY, OUTAGAMIE COUNTY, WISCONSIN

 

V:\
PR

OJ
EC

TS
\AU

GU
ST

A\K
auk

aun
a U

tilit
ies

\23
555

9 K
imb

erly
 Hy

dro
 PA

D\F
igu

re_
1_W

ate
r_Q

ual
_S

tud
y_A

rea
.mx

d
3/7

/20
17,

 15
:12

:27
 PM

 by
 DS

WE
EN

EY
  --

 LA
YO

UT
: AN

SI 
B(1

1"x
17"

)
Ma

p R
ota

tio
n:

Co
ord

ina
te 

Sy
ste

m:
0NA

D 1
983

 St
ate

Pla
ne 

Wis
con

sin
 Ce

ntra
l FI

PS
 48

02 
Fee

t (F
oot

 US
)

 

Fox River

1:9,800
1 " = 817 '

0 1,000 2,000
Feet

³

LEGEND
Approximate Project Boundary
Water Quality Study Area

TR
C  

-  G
IS

TR
C  

-  G
IS

FIGURE 1
708 Heartland Trail, Suite 3000

Madison, WI 53717
Phone: 608.826.3600
www.trcsolutions.com

SWEENEY D

WORKING COPYDESKTOP WATER QUALITY STUDY AREA

NOTES 
1. BASE MAP ESRI WORLD IMAGERY 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



8 
 

3.0 RESULTS AND DISCUSSION 

3.1  Review of Available Data 

The available data in the Study Area included data from the Wisconsin DNR and data collected 
in compliance of the Little Chute Project (P-2588) Water Quality Monitoring Plan (WQMP) in 
the Little Chute Project upstream area (which is the Project tailwater).   

The Wisconsin DNR provided water quality data in the Study Area.  The data sample dates 
ranged from 1975 through 2006 and were taken across all seasons (January through December).  
Grab samples were taken occasionally, but not on a regular schedule.  Data were never taken 
during the same date in both the Project impoundment and Project tailwater areas, thus 
meaningful statistical comparisons cannot be made of these data.  During this time, a total of 70 
field water quality samples (measurements taken on a single day at a single Station ID) for 
temperature and DO were collected:  water temperature (°C) n = 43 and DO (mg/L) n = 27.  If 
multiple measurements were taken on a single day at the same location (station ID), the average 
of those measurements was used to create a single sample.  The Wisconsin DNR water quality 
sampling locations are displayed in Figure 2.  The available data from Wisconsin DNR are 
provided in Appendix A.   

At the Little Chute Project, water quality is monitored pursuant to Article 403 of the Little Chute 
Project License Order and the Order Approving WQMP issued August 24, 2000.  In accordance 
with the approved WQMP, water temperature and DO are monitored upstream and downstream 
of the Little Chute Project for the period of June 15 through September 30 (monitoring season), 
and data are summarized in a report every five years.  The Little Chute Project water quality 
monitoring locations are shown in Figure 3.  The Little Chute Project is immediately 
downstream of the Kimberly Project, and the Kimberly Project tailwater immediately forms the 
Little Chute Project headwater with no free-flowing riverine section separating the two Projects.  
The Little Chute Project upstream station is located on the right side of the river at the upper end 
of the Little Chute Project impoundment.  Because the Projects are located so close together on 
the Lower Fox River and share similar hydrologic, hydraulic, and operational characteristics, 
water quality data collected above and below the Little Chute Project are expected to be 
representative of water quality data for the Kimberly Project.  The Little Chute Project upstream 
data represents the water quality of the Kimberly discharge based on the location and proximity 
of the two Projects. 

Daily average DO and temperature data for the Little Chute Project stations for the 2001, 2006, 
2011, and 2016 sample years are provided in Appendix B.  The complete Little Chute Project 
water quality reports for 2001, 2006, 2011, and 2016 were filed with FERC and are provided 
in Appendix C.  The water quality reports provide complete information of the Little Chute 
Project data including quality assurance data, statistics, compliance information, and a 
description of outages or erroneous data.   
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Figure 3:  Little Chute Hydroelectric Project (P-2588) Water Quality Monitoring Locations  

 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



11 
 

3.2  DO and Temperature Conditions  

3.2.1  Wisconsin DNR Data 

Due to the limited quantity of samples, infrequency between data samples, and age of the 
samples (1975 – 2006)2, the Wisconsin DNR data (Appendix A) provides limited insight into 
current water quality conditions in the Study Area.  The minimum and maximum DO (mg/L) 
levels and temperature in degrees Celsius (°C) of the available Wisconsin DNR data in the Study 
Area (impoundment and tailwater) are summarized and shown in Table 1.   

Table 1:  Summary of Wisconsin DNR Data – Dissolved Oxygen and Temperature  

Temperature and Dissolved Oxygen 
Summary of Wisconsin DNR Data in Study Area 

 
Impoundment1 Tailwater  

Temperature 
(°C)  

DO 
(mg/L)  

Temperature 
(°C) 2 

DO 
(mg/L) 3 

Minimum -0.1 4 6.1 6.8 
Maximum 26.5 14.5 33.5 9.2 
Total n = Days Sampled, at 
Different Stations 25 25 18 2 

Source:  Wisconsin DNR, 2017 
1 The dates of the samples were between years 1975 and 2006.  The samples were not taken on a regular interval, 
and the dates of the samples ranged between January 10 and December 20.  
2 The dates of the samples were between years 1979 and 2000.  The samples were not taken on a regular interval, 
and the dates of the samples ranged between February 17 and September 17.   
3 The two sampling dates were August 21, 1979 and June 22, 2000. 

 

3.2.2  Little Chute Project Data 

The daily average, minimum, and maximum temperature (°C) and DO (mg/L) data for the two 
Little Chute Project stations (upstream and downstream) across the four study years (2001, 2006, 
2011, 2016) are summarized in Table 2 and Table 3; a breakdown of these data by year are 
located in Appendix B, Table 7 and Table 8.  The Little Chute Project upstream data were 
collected in the Project tailwater within the Study Area.   

As shown in Table 2, during the Little Chute Project water quality monitoring season the average 
temperature upstream of the Little Chute Project was 23.8°C in the upstream area and 23.6°C in 
the downstream area.  During the survey periods for the four survey years, the average 
temperature was not impacted by the operation of the Little Chute Project.  As indicated in the 

                                                            
2 The water quality in the Lower Fox River continues to improve with river cleanups and polychlorinated biphenyl 
(PCB) removal projects and water quality conditions have likely changed since 2006.  It is also important to note 
that all Wisconsin DNR data were taken prior to the decommissioning and removal of the NewPage paper mill, 
which may have had an effect on water quality in the Study Area.   
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reports, there were dates when the river flow exceeded the Little Chute Project maximum 
generating flow of 4,000 cfs and water was released from the Tainter gates.  This indicates that 
the USACE releases water throughout the summer in order to supplement river flow and may be 
one reason the water temperature does not appear to be impacted by operation.  At the Kimberly 
Project, flows greater than 3,405 cfs exceed the hydraulic capacity of the Project and water is 
released from the Tainter gates.  At the upstream Little Chute Project station, the maximum 
temperature recorded was 29.8°C and the minimum temperature recorded was 14.5°C.  The 
temperature never exceeded the acute criteria of the current NR 102 water quality criteria for 
temperature for the Lower Fox River. 

As shown in Table 3, during the Little Chute Project water quality monitoring season, the 
average DO of the Little Chute Project was 7.7 mg/L in the upstream area and 8.1 mg/L in the 
downstream area.  At the upstream station, the maximum DO in the Project tailwater was 10.8 
mg/L and the minimum DO was 3.2 mg/L.  With erroneous data removed3, the DO was not 
recorded to fall below 3 mg/L (the standard for minimum DO concentration for the Lower Fox 
River).  Similar to the temperature readings, additional flow released upstream by the USACE to 
supplement the Lower Fox River flow during the summer boating months resulting in water 
being released through the Tainter gates may also assist in maintaining overall river DO levels. 

Table 2:  Little Chute Temperature Data Summary (2001, 2006, 2011, 2016) 

Temperature at Little Chute Project 

 Upstream Downstream 
 Temperature 

(°C) 
Quantity of 

Samples 
Temperature 

(°C) 
Quantity of 

Samples 
Minimum 14.5 n = 363 14.9 n = 311 
Average1 23.8 n = 275 23.6 n = 275 
Maximum 29.8 n = 363 29.9 n = 311 
Sources:  Kaukauna Electric & Water Department, 2001; Kaukauna Utilities, 2006, 2011, 2016 
1 The average temperature summarized are the average of data available at both the upstream and downstream 
locations on the same date. 

 

 

 

 

                                                            
3 Erroneous data were not used during this evaluation.  The most common reason for data to be considered 
erroneous was sedimentation or biofouling at the sonde.  Complete explanations for erroneous data and outages are 
available in the water quality reports provided in Appendix C.   
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Table 3:  Little Chute Dissolved Oxygen Data Summary (2001, 2006, 2011, 2016) 

Dissolved Oxygen at Little Chute Project 

 Upstream Downstream 
 DO (mg/L)2 Quantity of 

Samples DO (mg/L) Quantity of 
Samples 

Minimum 3.2 n = 349 3.7 n = 311 
Average1 7.7 n = 263 8.1 n = 263 
Maximum  10.8 n = 349 12.4 n = 311 
Sources:  Kaukauna Electric & Water Department, 2001; Kaukauna Utilities, 2006, 2011, 2016 
1 The average DO summarized are the average of data available at both the upstream and downstream locations 
on the same date. 
2 Erroneous data were removed July 16 through 18, and July 28 through August 4, 2011.  Significant 
sedimentation or biofouling observed at the upstream probe was interpreted to significantly reduce river water 
flow across the DO probe and led to atypical patterns of suppressed DO readings.  Erroneous data from July 3 
through July 5, 2016 were omitted from the final data set due to sedimentation and/or biofouling.  Erroneous DO 
datum (upstream) for July 6, 2016 was changed to 7.40, as the upstream sonde was recalibrated and redeployed. 

 

3.3  Assessment of Project Effects on Water Quality 

The Little Chute Project temperature and DO data were evaluated to determine if there is a 
statistically significant difference in water quality above and below the USACE Little Chute dam 
(Little Chute dam).   

To compare water quality parameters above and below the Little Chute Project, DO and 
temperature data4 were pooled across all sample years (2001, 2006, 2011, 2016).  A two-tailed t-
test was used to determine if there were any statistically significant (p < 0.05) differences in 
water temperature or DO between the upstream and downstream Little Chute Project stations.  
The results are provided in Table 4.  As shown, average DO concentrations upstream of the Little 
Chute Project are slightly lower (7.7 mg/L) than those downstream (8.1 mg/L).  A t-test showed 
that this difference is statistically significant (p = 0.002).  Average temperatures upstream of the 
dam and downstream of the dam are very similar, and t-test results indicate that there is no 
statistically significant difference between upstream and downstream temperature (p = 0.372).  
These results make sense, since water being spilled from the Tainter gates and moving through 
navigational canals, would be expected to aerate the water and increase DO to some degree, but 
have no noticeable effect on water temperature.   

The USACE operates the Lower Fox River such that there is sufficient flow in the river to 
support boating during the boating season.  Lake Winnebago is operated by the USACE as a 
seasonal storage reservoir. Water is released upstream from Lake Winnebago to supplement the 

                                                            
4 Erroneous data were not used during this evaluation.  The most common reason for data to be considered 
erroneous was sedimentation or biofouling at the sonde.  Complete explanations for erroneous data and outages are 
available in the water quality reports provided in Appendix C.   
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Lower Fox River flow throughout the summer, generally late June through early September.  
Flow releases continue through October and November, reducing the Lake Winnebago elevation 
in order to take advantage of water run-off from winter snow and spring rain.  This flow 
supplement will increase river flow and potentially lower temperature and increase DO.  Both 
the Kimberly and Little Chute Projects are operated as run-of-river projects, and the instances 
when the river flow was greater than the maximum hydroelectric plant generation flow indicates 
that the excess is spilled through Tainter gates, which can tend to increase aeration.  Further, 
there are no longer industrial discharges into the river between the Kimberly and Little Chute 
Projects so the temperature and DO are not influenced by industrial discharges. 

Table 4:  DO and Temperature Data Comparison and t-Test Results for Upstream and 
Downstream of the Little Chute Project 

Comparison of Upstream and Downstream Data -  
Little Chute Project 

  DO (mg/L) Temperature (°C) 
All Years 

Upstream Mean (Average) 7.7 23.8 
Downstream Mean (Average) 8.1 23.6 
Upstream Standard Deviation 1.3 3.1 

Downstream Standard Deviation 1.5 3.0 
t-Statistic -3.062 0.894 

p (T<=t) two-tail 0.002 0.372 
Count (n) 263 275 
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4.0 CONCLUSIONS 

The Wisconsin DNR data provided limited useable information due to the irregular sampling 
dates, limited quantity of samples, and age of the data.  The water quality in the Lower Fox River 
continues to improve with river cleanups and PCB removal projects.  In the Study Area, the 
Wisconsin DNR data were taken prior to the decommissioning and removal of the NewPage 
paper mill, which likely had an effect on DO and/or temperature in the Study Area.  Overall, 
water quality conditions have changed significantly since the 1980s and have likely continued to 
improve even since 2006.   

Water quality data collected at the Little Chute Project provide a means to assess water quality in 
the Project vicinity.  The upstream sampling station for the Little Chute Project is located in the 
Kimberly Project tailwater and is representative of tailwater conditions.  A comparison of DO 
and temperature data upstream and downstream of the Little Chute dam allows us to assess 
possible Little Chute Project effects on DO and temperature.  The Little Chute Project data 
provide a reasonable surrogate for the Kimberly Project, as effects on DO and temperature are 
expected to be similar based on the similar physical and operational characteristics of the two 
Projects.  Both Projects are located on relatively low head dams that create small riverine 
impoundments, are operated as run-of-river projects, and are located at dams which are owned 
and operated by USACE.  The USACE supplements the Lower Fox River flow with flow 
releases from Lake Winnebago.  These flow releases increase the river flow and likely have an 
effect on downstream temperature and DO. 

Comparison of water temperature data upstream and downstream of the Little Chute Project 
demonstrated similar average water temperature conditions upstream and downstream of the 
Little Chute dam.  Comparison of DO conditions demonstrated that there is slight improvement 
in average DO conditions downstream of the Little Chute dam.  A statistical comparison (t-test) 
of the Little Chute Project data confirmed that there is no difference between upstream and 
downstream water temperature, while the small increase in DO observed upstream to 
downstream was found to be statistically significant.  Similar results at the Kimberly Project 
would be expected.          

The Little Chute Project data were also compared with water quality standards for the Lower Fox 
River.  With erroneous data removed, the DO levels at the Little Chute Project (including in the 
Project tailwater) did not fall below 3 mg/L, and therefore met the current Wisconsin state water 
quality standard for the Lower Fox River.  The temperature never exceeded the acute criteria of 
the current NR 102 allowable WQ parameters for the Lower Fox River.  Water quality data 
collected at the station upstream of the Little Chute Project are representative of Kimberly 
tailwater conditions because the data sonde was located in the Kimberly tailwater and there is no 
riverine stretch between the two Projects.  Data from the Little Chute Project upstream station 
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indicate that the discharge from the Kimberly Project is in compliance with Wisconsin state 
water quality parameters related to acute temperature criteria and DO.    

Based on the results of this study, it is concluded that the continued operation of the Kimberly 
Project will have no adverse effect on Lower Fox River water temperature or DO.  
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Wisconsin DNR Water Quality Tables 
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Table 5:  Temperature (°C) Wisconsin DNR Available Data in Study Area 
 

Temperature (°Celsius)  
Available data from Wisconsin DNR in Study Area 

Study Area Location Fieldwork Date1 Station ID Result (°C) 

Impoundment 
Impoundment 7/27/1975 453059 25.0 
Impoundment 8/31/1976 453057 21.0 
Impoundment 8/31/1976 453059 20.8 
Impoundment 8/31/1976 453062 22.0 
Impoundment 8/30/1978 453059 24.0 
Impoundment 9/24/1979 453059 17.0 
Impoundment 9/25/1979 453059 17.0 
Impoundment 8/29/1988 453059 20.0 
Impoundment 8/21/2001 10012539 22.7 
Impoundment 9/19/2001 10012539 17.8 
Impoundment 7/26/2005 10012539 25.2 
Impoundment 8/23/2005 10012539 22.7 
Impoundment 9/21/2005 10012539 21.5 
Impoundment 10/11/2005 10012539 12.8 
Impoundment 11/8/2005 10012539 8.5 
Impoundment 12/20/2005 10012539 -0.1 
Impoundment 1/10/2006 10012539 0.5 
Impoundment 2/7/2006 10012539 1.1 
Impoundment 3/14/2006 10012539 2.7 
Impoundment 4/4/2006 10012539 4.7 
Impoundment 5/2/2006 10012539 12.3 
Impoundment 6/6/2006 10012539 22.3 
Impoundment 9/5/2006 10012539 21.7 
Impoundment 7/18/2006 10012539 26.5 
Impoundment 8/8/2006 10012539 24.9 
Tailwater2 
Tailwater 8/20/1979* 453108 28.5 
Tailwater 8/21/1979* 453108 30.05 
Tailwater 8/21/1979* 453110 26.75 
Tailwater 9/6/1979* 453108 33.5 
Tailwater 9/17/1980* 453110 21.15 
Tailwater 2/17/1981* 453108 23.9 
Tailwater 2/18/1981 453108 22.2 
Tailwater 2/19/1981* 453110 6.5 
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Tailwater 2/22/1982* 453108 24.45 
Tailwater 2/23/1982* 453110 6.1 
Tailwater 2/22/1983 453108 26.1 
Tailwater 2/23/1983* 453110 7.0 
Tailwater 4/17/1984* 453108 26.25 
Tailwater 4/18/1984* 453110 12.9 
Tailwater 3/27/1985* 453108 26.1 
Tailwater 3/28/1985* 453110 8.3 
Tailwater 6/22/2000 453269 21.2 
Tailwater 7/24/2000 453269 22.2 
Source: Wisconsin DNR, 2017 
1 The fieldwork date was obtained using the “Start Date/Time” column (column AF) of the SWIMS data provided 
by Wisconsin DNR 7/14/2017. 
2 Some temperature data in the Project tailwater area appear to potentially be misleading of the actual current 
water quality in the Project tailwater.  Large differences between temperatures on specific dates were shown in 
the data.  For example, on 2/22/1982, 2/22/1983, and 3/27/1985, the temperatures were measured to be above 
20°C, but on the subsequent date for each of those measurements, the temperature was below 10°C.  A possible 
rationale for these large differences could be due to the industrial nature of those sampling locations, which were 
at the NewPage paper mill (which has since stopped operations and has been demolished). 
* Dates marked with an asterisk (*) had multiple samples taken on the same day at the same station location.  If 
multiple measurements were taken at a single station on a single day, the average of those measurements is 
displayed. 

 

 

 
  

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



21 
 

Table 6:  Dissolved Oxygen (mg/L) Wisconsin DNR Available Data in Study Area 

Dissolved Oxygen (mg/L)  
Available data from Wisconsin DNR in Study Area 

Study Area Location Fieldwork Date1 Station ID Result (mg/L) 

Impoundment 
Impoundment 7/27/1975 453059 8.0 
Impoundment 8/31/1976 453057 7.3 
Impoundment 8/31/1976 453059 4.0 
Impoundment 8/31/1976 453062 6.0 
Impoundment 8/30/1978 453059 9.4 
Impoundment 9/24/1979 453059 9.9 
Impoundment 9/25/1979 453059 8.2 
Impoundment 8/29/1988 453059 9.2 
Impoundment 8/21/2001 10012539 8.5 
Impoundment 9/19/2001 10012539 8.1 
Impoundment 7/26/2005 10012539 6.8 
Impoundment 8/23/2005 10012539 7.5 
Impoundment 9/21/2005 10012539 8.3 
Impoundment 10/11/2005 10012539 7.9 
Impoundment 11/8/2005 10012539 10.2 
Impoundment 12/20/2005 10012539 14.5 
Impoundment 1/10/2006 10012539 12.8 
Impoundment 2/7/2006 10012539 14.0 
Impoundment 3/14/2006 10012539 12.7 
Impoundment 4/4/2006 10012539 12.9 
Impoundment 5/2/2006 10012539 9.1 
Impoundment 6/6/2006 10012539 6.0 
Impoundment 9/5/2006 10012539 9.5 
Impoundment 7/18/2006 10012539 5.4 
Impoundment 8/8/2006 10012539 7.0 
Tailwater 
Tailwater 8/21/1979 453108 6.8 
Tailwater 6/22/2000 453269 9.2 
Source: Wisconsin DNR, 2017 
1 The fieldwork date was obtained using the “Start Date/Time” column (column AF) of the SWIMS data provided 
by Wisconsin DNR 7/14/2017. 
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APPENDIX B 
Little Chute Hydroelectric Project (P-2588) Water Quality Data Tables 
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Table 7:  Little Chute Project Temperature Data by Year 

Temperature (°C) at Little Chute Project, All Data 

 Upstream Downstream 
20011 2006 2011 2016 20011 2006 2011 2016 

Minimum 14.51 15.29 14.98 16.82 20.09 15.99 14.92 16.83 
Average 22.94 23.94 22.88 23.64 24.35 23.92 22.78 23.83 
Maximum 29.80 29.21 27.81 27.23 29.89 28.44 27.89 27.77 
Standard Deviation 3.35 3.46 3.59 2.20 2.31 2.85 4.37 2.28 
Number of Sample 
Dates 

64 108 94 97 60 95 55 101 

Sources:  Kaukauna Electric & Water Department, 2001; Kaukauna Utilities, 2006, 2011, 2016 
1 In 2001, temperature data were measured in Fahrenheit (°F), and have been converted to Celsius (°C) for the 
purpose of consistency throughout the Project SP report. 

 

 

Table 8:  Little Chute Project Dissolved Oxygen Data by Year 

Dissolved Oxygen (mg/L) at Little Chute Project, All Data 

 Upstream Downstream 
2001 2006 20111 20162 2001 2006 2011 2016 

Minimum 6.81 5.34 3.24 5.19 6.00 5.40 3.68 5.42 
Average 8.21 8.12 7.21 7.21 8.22 8.68 7.33 7.45 
Maximum 9.85 10.80 10.82 9.25 10.51 12.42 10.53 9.42 
Standard Deviation 0.71 1.27 1.85 0.75 0.92 1.68 1.88 0.79 
Number of Sample 
Dates 

64 108 83 94 60 95 55 101 

Sources:  Kaukauna Electric & Water Department, 2001; Kaukauna Utilities, 2006, 2011, 2016 
1 Erroneous data were removed July 16 through 18, and July 28 through August 4.  As described in Kaukauna 
Utilities, 2011, significant sedimentation or biofouling observed at the upstream probe was interpreted to 
significantly reduce river water flow across the DO probe and led to atypical patterns of suppressed DO readings. 
2 Erroneous data from July 2 through July 5 were omitted from the final data set due to sedimentation and/or 
biofouling.  Erroneous DO datum (upstream) for July 6 was changed to 7.40, as the upstream sonde was 
recalibrated and redeployed. 

 

 

 

 

 

 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



24 
 

 

 

 

 

 

 

APPENDIX C 

Little Chute Hydroelectric Project (P-2588)  
Water Quality Monitoring Reports 2001, 2006, 2011, 2016 
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KAUKAUNA 
U T I L I T I E S  

INAL 

"t'onnnu~, Ow~, foamer ~h,e." 

December 14, 2006 

Secretary of the Commission 
Federal Energy Regulatory Commission 
888 First Street NE 
Washington D C 20426 

Re: Article 403 
Order Approving Water Quality Plan (issued August 24, 2000) 
Little Chute Hydroelectric Project FERC No 2588 - ~ [ 

Dear Secretary of the Commission: 

( '  ° , .  

, * d . ,  * 

7 ~ 

In accordance with the Kaukauna Utilities approved Water Quality Plan (issued on 
August 24, 2000) for FERC Project No. 2588 - Little Chute Hydroelectric Project, we are 
hereby filing one (1) original and four (4) copies of the KU Water Quality Report with 
raw data disc for 2006 in compliance with Article 403 and the Order approving the Water 
Quality Monitoring Plan. 

We have also submitted a copy ofthe report to the Wisconsin Department of Natural 
Resources as required by the Order approving the Water Quality Monitoring Plan. 

Thank you for your time and attention to this matter, lfyou have any questions, please 
contact me at 920-462-0220. 

Sincerely, 

Michael Pedersen 
Generation Superintendent 

CO: Jeff Feldt (letter only) 
Bruce Gomm (letter only) 
Janet Smith 
Kevin Kapuscinski 
Kurt Premo (letter only) 

7 T / l % ~ O ~ r i  ' * P.O. BOXIT/'/ • IOWIOdl I~MM130 * f l lOHE{9~0)7~5721 • F~E(~/0]7/~7698 • ~ ~ x o m  
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Water  Quality Monitoring Report  
Little Chute Hydroelectric Project 

FERC Project No. 2588 
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Prepared for: 
Kaukauna Utilities 

Kaukauna, V~sconsin 
Contact: Michael Pedersen, Generation Superintendent 

Phone: 920-462-0220 

Prepared by: 
White Water Associates, Inc. 

Contact: Kent Premo, M.S., Associate Consultant 
429 River Lane, P.O. Box 27 

Amasa, Michigan 49903 
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Appendix A: Graphs of Upstream and Downstream Temperature and Dissolved 
Oxygen Readings 

Figure 1. Hourly Dissolved Oxygen Readings, Upstream and Downstream of 
Little Chute Project, FERC No. 2588 on the Fox River in Combined Locks, 
Wrsconsin 

Figure 2. Hourly Temperature Readings, Upstream and Downstream of Little 
Chute Project, FERC No. 2588 on the Fox River in Combined Locks, 
Wisconsin 

Figure 3. Daily Averages for Dissolved Oxygen and Temperature, Upstream 
and Downstream of Little Chute Project, FERC No. 2588 on the Fox River 
in Combined Locks, Wisconsin 
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1. Project Information 

! 

m 

Article 403 of the City of Kaukauna's current license for the Little Chute Project (FERC 

No. 2588) requires the City to file a water quality plan. The City filed the plan on August 14, 

2000, and FERC issued an Order Approving Water Quality Plan on August 24, 2000. The order 

calls for the licensee to monitor dissolved oxygen (DO) and temperature upstream and 

downstream of the project for the period from June 15 through September 30 for the first year 

(2001) and then once every five years for the duration of the license. 

In 2006, the City of Kaukauna contracted White Water Associates. Inc., of Amasa, 

Michigan to carry out the required study for the current period. This report is a presentation of 

monitoring data, statistics, water quality compliance information, quality assurance data, and a 

description of problems or malfunctions as required by the Order Approving Water Quality Plan 

(Appendix A, Documents). 

Q 

Q 

g 

2. Data 

Graphs comparing the hourly upstream and downstream dissolved oxygen (Figure I ) and 

temperature readings (Figure 2) are provided in Appendix A and the corresponding raw data is 

provided on disk in Excel format in Appendix B as an attached CD-ROM. A copy ofthis report is 

also provided as PDF file on the same CD-ROM. 

For both upstream and downstream temperature and dissolved oxygen data, the daily means 

were calculated and graphed (Figure 3, Appendix A). The mean and standard deviation of the 

difference between the daily means for the upstream and downstream readings were calculated. 

For the temperature comparison, the mean of the difference in the dally averages was 0.81 °C 

(upstream minus downstream -the positive sign denotes the upstream temperature was higher 

than the downstream temperature) with a standard deviation of =t: 0.17°C. The mean of the 

difference in the average daily dissolved oxygen concentration was -0.67 mg/L (upstream minus 

downstream-the negative sign denotes the upstream dissolved oxygen concentration was lower 

than the downstream dissolved oxygen concentration) with a standard deviation of=l: 0.63 mg/L. 

A comparison of the daily means for dissolved oxygen concentration and temperature are 

provided in Appendix C (Tables 1 and 2, respectively). 

g Water Quality Monitoring Report, Little Chute Hydroelectric Project, FERC Project No. 2588 
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q l t  

O 

The dissolved oxygen daily averages of the upstream and downstream data were compared, 

when both data sets were available, and at no time did they vary by greater than 2 mg/L for five 

or more consecutive days, a condition indicated as a cause for special discussion with the WDNR 

according to the FERC order. The difference between daily means for dissolved oxygen only 

exceeded 2 mg/L on four days: August 20-22, and September 1 (-2A4, -2.2, -2.60, and -2.02, 

respectively). The daily averages for DO of the upstream unit was lower than those of the 

downstream unit in all four cases, resulting in negative values. The first three instances occurred 

near the end of a deployment and maintenance cycle. It is unclear why the difference was this 

large in any of the cases, but there was often a lot of  biological activity and fouling, and even the 

occasional crawfish found around the probes. The daily means for both dissolved oxygen and 

temperature are shown in Appendix C. 

411 3. Quality Assurance 

I 

l 

The upstream and downstream monitoring equipment were calibrated every two weeks at 

which time the data was also checked. The pre-calibration and pest-caiibration dissolved oxygen 

values were compared and never differed by greater than 0.54 mg/L (on October 2 at the 

downstream location, reading higher before calibration). Calibration summaries for the upstream 

and downstream monitoring units ate provided in Appendix D. 

g 

1 

4. Complications In Monitoring During Study Period 

A. Upstream Data 

Data were never lost during deployment at the upstream location. 

B. Downstream Data 

Data were lost on two occasions, first from September I 0 (3:00) to 20 (11:00) then again 

from September 26 (8:00) through the duration of  the deployment, effectively September 30 

(23:00). In both cases, the same unit failed to acquire readings sometime between maintenance 

visits. Fortunately, these failures occurred at a time when dissolved oxygen and watcr 

temperatures, as indicated by readings immediately preceding and following the failures, were 

moderate. What follows is a description of steps taken and conclusions drawn after each failure. 

1 Water Quality Monitoring Report, Little Chute Hydroelectric Project, FE, RC Project No. 2588 2 
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I 

g 

g 

During the first failure event, the unit failed to acquire readings for the I 0 days immediately 

preceding the maintenance visit on September 20. The unit was totally unresponsive until 

batteries were changed. After data were downloaded, the data loss was discovered, having been 

last serviced on September 6. The last reading showed the battery voltage was good. Indeed, 

batteries had been changed on the previous visit and should have lasted for perhaps a month 

more. (Batteries were routinely changed every other visit; i.e. monthly.) Nonetheless, the batteries 

that came out of  the unresponsive unit were reading a bit low, as if  there was some dissipation o f  

power. Nothing obvious indicated the reason why readings had failed to be acquired: the battery 

storage area was dry and after a change of batteries the unit was fine and recording on the hour. 

Perhaps the cleaning motor which rotates once an hour stayed on for some reason drawing down 

the unit's power, but the loss of  readings occurred suddenly. 

I consulted with the manufacturer (Hach-Hydrolab) several times from the field without 

determining a clear reason why this first failure occurred. Both units used after June 27 were new 

as of  June 2006. Hydrolab's technician suggested that the unit should be checked at the end of the 

season by them. With two weeks to go, the unit was redeployed after a thorough check and 

recalibration; it was reading properly before I left it. 

On the occasion o f  the second failure on September 26, 5 days o f  data were lost until the 

study period concluded September 30. The unit had been thoroughly checked last visit and 

redeployed with new batteries, but the unit was found totally unresponsive until batteries were 

once again changed. The last readings showed the unit had plenty of  power until the failure, after 

which no readings were acquired. A check of  batteries shows they were further depleted from the 

last recorded voltage. There were no signs o f  leakage from the batteries or infiltration o f  water. 

The unit was returned to the manufacturer for service at the end of  the season. 

I 

I 

q b  

Water Quality Monitoring Report, Little Chute Hydroelectric Project. FERC Project No. 2588 
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APPENDIX A 
Graphs of Upstream and Downstream Temperature 

and Dissolved Oxygen Readings 

I I  

I 

I 

d l  t 

! 
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Figure 3. Daily Averages for Dissolved Oxygen and Temperature, Upstream and Downstream of Little Chute Project 
FERC No. 2588 on the Fox River in Combined Locks, Wisconsin 

- -Dissolved Oxygen Downstream 

Dissolved Oxygen Upstream 

• - Temperature Downslream 

Temperature Upslream 

W'  " . ,  " ! :i 

• ; 

' : \ J  i, 

....... . . }t ~ t 

' .  . ,:4 - . . [ '  
. : . . .  ~ . . , ~  

, . . "  

T T 
Service point 

Service point 7111 
6/27  

s, • 

t 

.- ,. :' ',,: \ ',, 

t 

° 

i 

t~ 

'~ I V/ # • 

Service point 
7/27  

i',,/- 

i \ \  ! '. 

/ , , i  .,x /.. 

L J  v -  , , , f .~  
~ ,, , • " I \ " 

D , ~ i f "  

Service point ' 
9/6 ' 

(, 

- ,, ~ e 

. ( 

t 

s i 

t 

l 

l 

t ) 

Service pNnt 
9120 

, 

- - -  . .  

r - ' 1  • 

) ,t ~ I i . I  i I i I -i-- I ) I i I i I i I : I ~ I ) I :  I i I ) I ~ I  i I i  I i I i I i I : I i I : I i I  i I ~ I i I i I  i l  : I : I : I : I : I : I i I :  I : I : I : I i I ~ I i I ) I : I : I : I : I : I : I : I : " 

o Date ( 2 ~ )  . . . . .  • . . . . . . . . . . . . . .  

I I  I I  ~ ~ I I I I  I I  I I  I I  I I I  I I  I I  I I  I I I  I I  ~ I I  I I I  I I I  

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



Unofficial FERC-Generated PDF of 20070109-0095 Received by FERC OSEC 12/20/2006 in Docket#- P-2588-021 ~ 

II 
II 
II 
II 
II 
II APPENDIX B 

Raw Data 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



Unofficial FERC-Generated PDF of 20070109-0095 Received by FERC OSEC 12/20/2006 in Docket#- P-2588-021 ~ 

/ 
/ 
/ 
/ 
/ 
/ 
/ 

APPENDIX C 

Daily Means for Dissolved Oxygen and Temperature 
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Little Chute Project, FERC No. 2588 on the Fox River in Combined Locks, Wisconsin 
Daily Means of the Upstream and Downstream Temperature and Dissolved Oxygen Data 

Di f fe rence= Upstream - Downs t ream 

Date (shading = 
service date) 

6-15-2006 
6-16-2006 
6-17-2006 
6-18-2006 
6-19-2006 
6-20-2006 
6-21-2006 
6-22-2006 
6-23-2006 
6-24-2006 
6-25-2006 
6-26-2006 
6-27-2006 
6-28-2006 
6-29-2006 
6-30-2006 

7-1-2006 
7-2-2006 
7-3-2006 
7-4-2006 
7-5-2006 
7-6-2006 
7-7-2006 
7-8-2006 
7-9-2006 

7-10-2006 
7-11-2006 
7-12-2006 
7-13-2006 
7-14-2006 
7-15-2006 
7-16-2006 
7-17-2006 
7-18-2006! 

I 

7-19-2006 
7-20-2006 
7-21-2006 
7-22-2006 
7-23-2006 
7-24-2006 
7-25-2006 
7-26-2006 
7-27-2006 
7-28-2006 
7-29-2006 
7-30-2006 
7-31-2006 

8-1-2006 
8-2-2006 
8-3-2006 
8-4-2006 
8-5-2006 
8-6-2O06 
8-7-2006 

Dissolved Oxygen (mg/L) 
Upstream Downstream Difference 

6.80 
6.97 
6.87 
6.58 
6.91 
7.14 
7.26 
7.23 
7.47 
7.61 
7.49 
7.45 
7.59 
7.84 
7.32 
7.41 
7.43 
7.27 
7.35 
7.39 
7.38 
7.56 
7.75 
7 52 
7 30 
7 35 
7 08 
7.23 
7.25 
7.25 
8.22 
8.73 
6.89 
5.66 
5.61 
5.59 
5.53 
5.81 
6.10 
6.01 
5.34 
5.70 
6.17 
7.49 
8.22 
8.14 
6.92 
7.77 
7.47 
7.16 
8.75 
8.35 
8.35 
7.38 

6.95 -0.15 
7.11 -0.14 
7.01 -0.14j 
6.66 -0.08 
7.08 -0.17 
7.45 -0.31 
7.50 -0.24 
7.57 -0.34 
7.86 -0.39 
8.03 -0.42 
7.91 -0.42 
8.67 -1.22 
8.35 -0.77 
7.77 0.07 
7.23 0.09 
7.32 0.08 
7.39 0.03 
7.28 -0.01 
7.41 -0.06 
7.49 -0.10 
7.47 -0.09 
7.64 -0.08 
7.85 -0.10 
7.57 -0.05 
7.37 -0.06 
7.43 -0.08 
7.17 -0.09 
7.35 -0.12 
7.56 -0.31 
7.54 -0.29 
8.42 -0.21 
9.53 -0.80 
7.79 -0.90 
6.02 -0.36 
5.40 0.21 
5.86 -0.27 
5.84 -0.30 
6.36 -0.55 
6.62 -0.51 
6.87 -0.86 
6.53 -1.18 
6.08 -0.38 
6.68 -0.51 
7.57 -0.08 
8.36 -0.14 
7.34 0.80 
8.05 -1.13 
8.43 -0.66 
7.76 -0.29 
8.45 -1.29 
9.13 -0.38 
8.85 -0.50 
8.27 0.08 
8.43 -1.05 

Temperature (°C) 
Upstream Downstream Difference 

21.68 21.00 0.68 
22.69 22.09 0.61 
24.11 23.51 0.60 
25.08 24.45 0.63 
25.24 24.38 0.86 
24.70 24.06 0.64 
24.39 23.67 0.72 
24.17 23.42 0.75 
23.66 23.05 0.61 
23.49 23.00 0.49 
23.06 22.32 0.73 
22.34 21.65 0.69 
22.77 22.05 0.72 
22.86 22.11 0.75 
23.29 22.45 0.84 
24.07 23.31 0.75 
24.88 24.11 0.76 
25.64 24.64 1.00 
26.06 25.33 0.74 
26.42 25.56 0.86 
25.83 25.09 0.74 
25.70 24.72 0.98 
25.74 24.99 0.75 
25.82 25.11 0.71 
25.43 24.77 0.66 
25.32 24.49 0.83 
24.88 23.94 0.94 
24.70 23.98 0.72 
25.70 25.01 0.69 
26.71 25.80 0.91 
27.96 27.25 0.71 
28.55 27.74 0.81 
28.60 27.78 0.81 
28.30 27.52 0.77 
27.52 26.77 0.75 
27.39 26.59 0.80 
26.97 26.11 0.87 
25.61 24.95 0.67 
25.94 25.26 0.68 
26.12 25.22 0.90 
26.67 25.92 0.75 
27.21 26.19 1.01 
27.22 26.46 0.76 
27.63 26.92 0.71 
28.57 27.84 0.73 
28.78 28.06 0.72 
27.87 27.19 0.68 
28.93 28.2 0.73 
29.21 28.44 0.77 

29 28.23 0.77 
28.65 27.77 0.88 
28.34 27.65 0.69 
27.67 26.89 0.78 
26.93 26.15 0.78 
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Little Chute Project, FERC No. 2588 on the Fox River in Combined Locks, Wisconsin 
Daily Means of the Upstream and Downstream Temperature and Dissolved Oxygen Data 

Di f fe rence=  Upst ream - Downst ream 

Date (shading = 
service date) 

8-8-2006 
8-9-2OO6 

8-10-2006 
8-11-2O06 
8-12-2006 
8-13-2006 
8-14-2006 
8-15-2006 
8-16-2006 
8-17-2006 
8-18-2006 
8-19-2006 
8-20-2006 
8-21-2006 
8-22-2006 
8-23-2006 
8-24-2006 
8-25-2006 
8-26-2006 
8-27-2006 
8-28-2006 
8-29-2006 
8-30-2006 
8-31-2006 

9-1-2006 
9-2-2006 
9-3-2006 
9-4-2006 
9-5-2006 
9-6-2006 
9-7-2006 
9-8-2006 
9-9-2006 

9-10-2006 
9-11-2006 
9-12-2006 
9-13-2006 
9-14-2006 
9-15-2006 
9-16-2006 
9-17-2006 
9-18-2006 
9-19-2006 
9-20-2006 
9-21-2006 
9-22-2006 
9-23-2006 
9-24-2006 
9-25-2006 
9-26-2006 
9-27-2006 
9-28-2006 
9-29-2006 
9-30-2006 

Dissolved Oxygen (mg/L) 
Upstream Downstream Difference 

8.53 
8.77 

10.22 
9.57 
8.89 
8.85 
9.36 
923 
957 
951 
797 
761 
676 
7 33 
843 
837 
8 09 
8 09 
8.01 
8.13 
8.61 
9.10 

10.26 
10.29 
10.29 
10.51 
10.80 
10.30 
10.22 
10.39 

9.80 
9.54 
9.46 
9.33 
8.79 
8.38 
8.57 
9.04 
9.48 
9.24 
8.55 
8.20 
8.52 
9.03 
9.51 
9.25 
8.97 
8.99 
9.21 
9.43 
9.19 
9.19 
9.24 
9.31 

Temperature (°C) 

9.65 
10.31 
11.00 
10.46 
9.86 
9.83 

10.41 
10.51 
10.61 
9.47 
8.93 
8.67 
9.20 
9.75 

11.03 
10.29 

8.60 
8.49 
8.64 
8.48 
9.24 
9.66 

11.60 
11.54 
12.30 
11.99 
12.42 
11.90 
11.58 
12.18 
11.23 
10.53 
10.51 
10.28 

10.13 
10.28 
10.34 
9.52 
9.43 
9.81 
9.89 

-1.12 
-1.54 
-0.78 
-0.89 
-0.97 
-0.98 
-1.05 
-1.28 
-1.04 
0.04 

-0.96 
-1.06 
-2.44 
-2.42 
-2.60 
-1.92 
-0.51 
-0.39 
-0.63 
-0.35 
-0.64 
-0 57 
-1 34 
-1 25 
-2 02 
-1 48 
-1 63 
-1 60 
-1 35 
-1 79 
-1 43 
-0 99 
-1 05 
-0 95 

-1.10 
-0.77 
-1.09 
-0.55 
-0.44 
-0.60 
-0.46 

Upstream 
26.78 
26.06 
26.98 
26.66 
25.57 
25.49 
25.59 
25.43 
25.16 
25.32 

24.9 
24.87 
24 31 
24 37 
24 73 
24 67 
23 66 
23 64 
23 86 
23.63 
23.91 
23.82 
23.91 
23.24 
23.23 
23.04 
23.12 
23.27 
23.40 
23.92 
23.63 
23.44 
22.45 
20.76 
19.51 
18.21 
17.81 
17.66 
18.20 
19.71 
20.70 
20.84 
19.25 
17.82 
16.89 
16.81 
17.17 
17.35 
17.27 
17.01 
16.85 
16.39 
15.74 
15.29 

Downstream 
26.03 
25.58 
26.24 
25.38 
24.81 
24.75 
24.79 
24.40 
24 48 
24 21 
24 11 
23 81 
23 53 
23 61 
24 21 
23 72 
22 73 
22 71 
23 08 
22 78 
22 92 
22 72 
22.84 
22.19 
22.20 
22.09 
22.26 
22 36 
22 50 
23 01 
22 84 
22 45 
21 36 
20 50 

16.59 
16.52 
15.99 
16.01 
16.47 
16.53 
16.23 

Difference 
0.75 
0.48 
0.75 
1.28 
0.76 
0.74 
0.80 
1.03 
0.68 
1.11 
0.79 
1 06 
078 
076 
053 
095 
093 
093 
078 
0 86 
0 98 
110 
1 07 
1 04 
1 03 
095 
085 
091 
0 90 
091 
079 
0 99 
110 
0 26 

1.22 
0.37 
0.82 
1.16 
0.88 
0.74 
0.78 
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I Little Chute Project, FERC No. 2588 on the Fox River in Combined Locks, Wisconsin 
Calibration check data 

II Must be within 1 mg/L 70 % of time 
Percent within limits: 100% 

Date Site Unit (S/N) Before After Diff. 

27-Jun Down 41968 7.64 7.96 -0°32 
Up 42015 8.74 8.3 0.44 

II 
Down 44139 8.6 8.4 0.2 

11-Jul 
Up 44140 8.62 8.42 0.2 
Down 44139 7.79 7.87 -0.08 

27-Jul 
Up 44140 7.64 7.67 -0.03 
Down 44139 8.09 8.23 -0.14 

9-Aug Up 44140 7.95 7.91 0.04 

II 
Down 44139 8.37 8.52 -0.15 

23-Aug Up 44140 8.47 8.63 -0.16 
Down 44139 8.43 8.46 -0.03 

6-Sep Up 44140 8.28 8.23 0.05 

20-Se p Down 44139 9.46 9.74 -0.28 
Up 44140 9.52 9.74 -0.22 
Down 44139 9.51 8.97 0.54 

2-Oct 
Up 44140 9.01 8.83 0.18 

/ 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
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APPENDIX E 

FERC Order Approving Water Quality Monitoring Plan 

(Issued August 24, 2000) 
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UNITED STATES OF AMERICA 
FI-DERAL ENERGY REGIJI+AIORY C()MMISSION 

City t~l Kaukauna Project No. 2588-(~(J7 

/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

OR[)I-I< API'R()VING WAIER QUAI..II'Y MONITORIN(; PI..AN 

(Issued August 24.20()0) 

The City: of Kaukauna (licensee) filed, on August 14. 2000. its water quality 
monitoring plan under article 403 of the license for the Little Chute Projcct (FIRC No. 
2588). The prqiect is located on the Fox River, in the Village of Combined Locks. in 
Outa2amie County, Wisconsin. 

, , - -  . 

BACKGROUND 

Article 403 requires the licensee to tile. for Commission approval, a plan to 
tnonitor water quali~' in the project area. Fhe plan is required to includc a dcscription of 
the methods which will be used to collect dissolved ox3:gen (DO) and water temperature 
data from the project area every five years for the term of the license. In addilion, the 
liccnsee is required to cooperate with any future plans developed by state or fedcral 
agencies to remove contaminated sediments from the lower Fox River. Such cooperation 
b.v the licensee may include, for example, providing reasonable access to prqiect facilities 
and may also includc brief and temporary modification of project operations to allo~ safe 
working conditions for agency personnel. lhe  licensee is also required to prepare the 
plan after consultation with the Wisconsin l)epartment of Natural Resources (WDNR 1. 

I.ICt-NSEE'S PLAN 

/ 
/ 
/ 

I 
/ 

The licensee proposes that Hydrolab DataSondc probes, or their equivalent, bc 
deployed at locations upstream and downstream of the proiect. l he  probes would bc 
deployed from June 15 through September 30, unless flows in the river are above 4.(100 
cubic feet per sccond, which would inhibit safe deployment of the probes. The probes 
would continuously monitor and record DO and water temperature at l-hour intcn'als 
during this period. The upstream probe would be located at the upstream end ol'the 
proiect's reservoir to provide information on the DO and water temperature as it enters 
the project. lhc downstream probe would be located approxiinatcly 100 yards bclov, the 
powerhouse and in the discharge flow. Routine profile monitoring of the resc~oir will 
not be included since results ofprcvious monitoring provided evidence that the rcscrvoir 
d~cs not stratify significantly. 

I 
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/ 
/ 
/ 

The data generated from the proposed monitoring will be surveyed biweekly'. 
Should a comparison of the DO data from the upstream and downstream monitorin,- 
show a daily average difference between locations of greater than 2 milligrams per liter 
(mg/L) for a period of five consecutive days or more, discussions will be initiated v,ith 
the WDNR to determine the cause of the difference. It may be determined durintz those 
discussions that profile monitoring should be implemented to help explain the "- 
differences. 

II 

II 
/ 

II 

I 
I 
I 
/ 

II 
/ 

II 

II 
/ 

rhe probes at each location will be calibrated every 10 to 14 days. Calibration 
,,','ill be performed by using the air calibration method recommended by the manufacturer. 
Prior to calibration, the oxygen concentration of air readings will be recorded. "l'hese 
data ,,','ill be compared to post-calibration air oxygen concentrations to derive data on 
meter error c~r drift. At the end of the monitoring period, the DO data will be considered 
acceptable if the meters at each location provide readings during the pro- and post- 
calibration comparison that is within 1 rag.q_, at least 70 percent of the time. Should a 
problem with meeting this calibration standard become apparent during the samplina 
period, the WI)NR will be ad'~'ised and a plan devised to ensure that the calibration "- 
standard is met tbr the remainder of the sampling period. 

A report of the findings during the sampling period will contain- raw data" graphs 
comparing hourly DO readings from upstream and downstream locations; graphs 
comparing hourly temperature readings from upstream and downstream locations" basis 
statistics; quality assurance data and comparison percentage; and a description of all 
mechanical or other complications in monitoring experienced during the sampling 
period. The report will be submitted to the WDNR and the Commission by December 
31. 2001, and every. 5 years thereafter, for the term of the license, unless the WDNR and 
the licensee agree that future water quality monitoring is no longer necessary. 

AGENCY COMMENI'S 

"l'he WDNR. by letter dated August 2, 2000, concurred with the licensee's 
proposed plan. 

DISCUSSION AND CONCLUSIONS 

I'he licensee's plan to monitor water quality at the project satisfies the 
requiretnents ofarticle 403. The licensee will monitor DO and water temperature 
upstream and downstream of the project for the period from June 15 through September 
30 for the first year (2001) and then once every five )'ears for the duration of the license. 

II 
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I 
/ 
/ 
/ 
/ 
/ 

The licensee will provide a report following the monitoring season to the WDNR and the 
Commission by Decembcr 31 of the monitoring year. 

The licensee states that the monitoring will continue through the term of the 
liccnse unless the liccnsce and the WDNR agee  that monitoring is no longer needed. In 
the event that it is determined that monitoring is no longer need at the project, the 
licensee would need to file with the Commission, for approval, a request to discontinue 
monitoring and include concurrence from the WDNR. 

The licensee's plan to monitor water quality fulfills the requirements of article 403 
and should, therefore, be approved. 

The Director orders: 

(A) The licensee's water quality monitoring plan for the Little Chute Project 
(FIzRC No. 2588), filed on August 14, 2000, is approved. 

(B) This order constitutes final agency action. Requests for rehearing by the 
Commission may be f~!ed within 30 days of the date of issuance of this order, pursuant to 
18 CFR § 385.713. 

/ 
/ 
/ 

Rebecca Martin 
Team Leader 
Division of I lydropower Administration 

and Compliance 

/ 
/ 
/ 
/ 
/ 

I 
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Project Background 
Article 403 of the City of Kaukauna's current license for the Little Chute Project (FERC No. 2588) 

requires the City to file a water quality plan. The City filed the plan on August 14, 2000, and FERC 

issued an Order Approving Water Quality Plan on August 24, 2000. The order calls for the licensee to 

monitor dissolved oxygen (DO) and temperature upstream and downstream of the project for the period 

from June 15 through September 30 for the first year (2001) and then once every five years for the 

duration of the license. 

In 2011, the City of Kaukauna retained GEI Consultants, Inc., of Green Bay, Wisconsin, to conduct 

monitoring for the current period. 

This study utilized a Hach Mini Sonde-5 (MS5) with temperature and LDO (Luminescent Dissolved 

Oxygen) probes on board. Data were stored and downloaded on a two week schedule (except when high 

flows inhibited safe probe access) and probes were calibrated for DO per manufacturer requirements 

before redeployment. These new LDO probes were developed since the last study (2006) and use a light 

activated dissolved oxygen probe (LDO technology) compared to older membrane technology. The 
benefits include more accuracy and less biofouling. Although we obtained good data, some of the 

problems we encountered with probe outages suggest design changes may be needed in these new units to 

strengthen software and hardware components to deal with high discharge conditions and sediment. 

This report presents monitoring data, statistics, water quality compliance information, quality assurance 

data, and a description of equipment outages as required by the Order Approving Water Quality Plan 

Graphs comparing the hourly upstream and downstream dissolved oxygen and temperature readings are 

provided in Appendix A and the corresponding raw data is provided on disk in Excel format in Appendix 

B as an attached CD-ROM. A copy of this report is also provided as a PDF file on the same CD-ROM. 

Overview of the Study Results 
2011 was a year of flooding in many parts of the country including the Fox River. High water made 

access difficult and flow levels exceeded 4000 cubic feet per second ( cfs) more than half the study period. 

Data collection is not required at flows above 4,000 cfs, but because the river rose and fell above this 

level six times during the study period, high and variable flows made it challenging to collect the data and 

service the probes (see shaded areas of Figures 1 and 2 in Appendix A). High water also included 

significant bedload movement and may have been responsible for equipment outages and resulting data 
gaps (see shaded areas of Figures 3 and 4 in Appendix A). Typically, high flows lead to better conditions 

for temperature and dissolved oxygen and would tend to reduce any differences between headwater and 

tailwaters due to low reservoir residence times and more mixing in the water column. The data 

corroborate this. For both upstream and downstream dissolved oxygen and temperature data, the daily 

averages of the difference between the daily means were graphed (Figures 5 and 6, Appendix C) and the 

standard deviation of the difference between the daily means calculated (Table 1, Appendix C). 

Results of the study show that temperature variation of upstream and downstream environments displayed 

nearly identical patterns of temporal variation (i.e., no differences). Dissolved oxygen differences 

1 
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between upstream and downstream environments were also negligible when erroneous data from 
equipment outages or probe malfunction were eliminated. 

Details in the Data 
The average daily DO ranged between 5 mg/L and 11 mg.IL for the entire study upstream and downstream 
except during an equipment outage July 31 to August 2 when a probe became fouled. Differences 
between upstream and downstream DO daily averages were less than 2 mg/L throughout the study, 
excluding the July 28 to August 4 data when a probe became fouled (Table 1, Appendix C). 

Temperature: For the temperature comparison, the mean of the difference in the daily averages was 
-0.04°C (upstream minus downstream) with a standard deviation of± 0.16°C. (The negative sign 
indicates that the daily averages for upstream temperature were lower than downstream; however, the 
mean difference in daily averages was less than the error variance of the recording instrument--i.e., zero). 

Dissolved Oxygen: When all data are included, the mean of the difference in the average daily dissolved 
oxygen concentration was -0.91 mg.IL (upstream minus downstream) with a standard deviation of± 1.92 
mg.IL. This average deviation statistic is misleading because it contains erroneous data. Actual differences 
between upstream and downstream are much closer when erroneous data are removed. As described in 
Appendix E, significant sedimentation or biofouling observed at the upstream probe was interpreted to 
significantly reduce river water flow across the DO probe and led to atypical patterns of suppressed DO 
readings on July 18, and July 28 through August 4. When DO data for these dates are omitted from the 
statistical calculations, the mean of the difference in the average daily dissolved oxygen concentration 
was -0.04 mg.IL (upstream minus downstream) with a standard deviation of± 0.34 mg/L. A comparison 
of the daily means for dissolved oxygen concentration and temperature are provided in Appendix C 
(Table 1). 

The DO daily averages of the upstream and downstream data were compared. When both data sets were 
available and omitting DO data from the upstream probe during periods of significant sedimentation 
and/or biofouling, at no time did upstream and downstream vary by greater than 2 mg/L for five or more 
consecutive days, a condition indicated as a cause for special discussion with the WDNR according to the 
FERC order. The daily means and average daily differences for both dissolved oxygen and temperature 
are shown in Table l (Appendix C). 

Quality Assurance 
The upstream and downstream monitoring equipment were calibrated every two weeks (except when high 
river flows inhibited safe probe access) at which time the data were also checked. The pre-- and post
calibration DO values were compared and never differed by more than 1.04 mg/L at the downstream 
probe, or 0.46 mg!L at the upstream probe. Pre- and post-calibration DO readings of calibration water 
were within 1.0 mg!L 94% of the time; pre- and post-calibration DO readings of the river were within 1.0 
mg/L 100% of the time. Accordingly, DO data are considered acceptable, because pre- and post
calibration readings were within 1.0 mg/L at least 70% of the time. Calibration summaries for the 
upstream and downstream monitoring units are provided in Appendix D. 

2 
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Complications in Monitoring During Study Period 
According to the FERC order approving the Water Quality Monitoring Plan for the Little Chute Project 

dated August 24, 2000 (Appendix F), upstream and downstream probes should be deployed from June 15 
through September 30, "unless flows in the river are above 4,000 cubic feet per second, which would 
inhibit safe deployment of the probes." As shown on Figures l, 2, 5 and 6, provisional data from the 
USGS Fox River Station in Appleton, Wisconsin, indicate that flows exceeded 4,000 cfs for 56 of the 108 
days within the monitoring period (52% of the period). It is also interesting that USGS data shows a 
number of gaps presumably due to similar problems of high flow and sediment during the study period. 
The highest flows(> 10,000 cfs) were recorded over several days in early summer; however, mid-summer 
storms brought flows up over 4000 cfs five additional times during the study period complicating access, 
logistics and sampling during the study. Equipment failures also required significant effort to expedite 
replacement and corroborate functionality of newly deployed units. 

High flow contributed to poor performance of the instruments based on sediment observed embedded in 
the protective casing around the upstream probe DO probe when it was serviced on August 5. This 
service date was preceded by a spate of higher flows from approximately July 18 through August 1 
(Figures 5 and 6). We also experienced a unit failure which may have been due to bedload movement or 
debris in the river. Units were cracked, flooded and the batteries had failed on August 5 and 20. During 
the final month of deployment (September 14 ), we discovered the downstream unit to have "no data" in 
the memory even though the unit was calibrated and responded successfully to reset instructions. After 
consultation with Hach, they replaced this unit with a backup for the final ten days of the sampling 
season, but were unable to explain this anomalous occurrence. For detailed accounts of outages, refer to 
AppendixE. 

Conclusions Regarding Results 
The detailed description of how we handled outages (Appendix E) and the resulting data provides 
rationale for revised data sets. Based on missing data, data completely out of normally expected ranges, or 
data that showed rapid progressive declines to zero, we modified the data sets to set these data points to 
''missing" and did not use them to re-compute the daily averages. Since data were downloaded 
approximately every two weeks, a failure early in the sample period could lead to many days of missing 
data. This explains why some days have missing averages either upstream or downstream of the project. 
Calibration of the instruments enabled us to check unit functionality and identify clearly erroneous data 
from the periods prior to calibration. Calibration also confirmed the reliability of data during many of the 
sampling periods. 

We obtained reliable DO readings from one or both probes on the majority of the study period even 
though flows were in excess of 4000 cfs more than half the period. Days in which both DO probes were 
providing good data showed no daily variances greater than required by the FERC License. 

Based on consistently similar values during all times when both probes were functioning simultaneously, 
we concluded there is no reason to suspect divergence may have occurred unnoticed when one probe was 
out of service for either DO or temperature. As discussed earlier, the high flows kept temperature nearly 
identical up and downstream. Turbulence along with low residence times in the reservoir also contributed 

3 
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to similar DO values up and downstream. With or without data corrections, computations show that the 

data were within compliance for all variables in the FERC License. 

Conclusions Regarding Equipment Performance 
GEl selected Hach equipment based on historical use of previous Hach technology at this site and Hach's 
reputation as a leader in LOO technology. The new LOO probe is a Hach innovation and considered the 

best in the industry. Costs were similar to other manufacturers. We can assume that use of older DO 
technology using membranes which are more sensitive to fouling and damage would have fared even 
worse under the higher than average runoff conditions that prevailed nearly all summer. The failure of the 
housing that led to battery failure suggests fragility in these new units. 

4 
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Appendix A: Graphs of Upstream and Downstream Temperature and Dissolved Oxygen Readings 

• Figure 1. Hourly Temperature Readings Upstream and Downstream of Little Chute Project (High 

Flow Periods Shaded) 

• Figure 2. Hourly Dissolved Oxygen Readings Upstream and Downstream of Little Chute Project 

(High Flow Periods Shaded) 

• Figure 3. Hourly Temperature Readings Upstream and Downstream of Little Chute Project 

(Probe Malfunction Periods Shaded) 

• Figure 4. Hourly Dissolved Oxygen Readings Upstream and Downstream of Little Chute Project 

(Probe Malfunction Periods Shaded) 
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Append!>< B: Raw Data (Cl>-ROM) 
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Appendix C: Daily Averages for Temperature and Dissolved Oxygen 

• Table 1. Daily Averages of Upstream and Downstream Dissolved Oxygen and Temperature 

• Figure 5. Daily Averages for Temperature Upstream and Downstream of the Little Chute Project 

and Fox River Discharge 

• Figure 6. Daily Averages for Dissolved Oxygen Upstream and Downstream ofthe Little Chute 

Project and Fox River Discharge 
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Table 1. 

Dally Averages of Upstream and Downstream Dissolved Oxygen and Temperature Data 

Little Chute Project, FERC No. 2588 on the Fox River In Combined Locks, Wisconsin 

Difference = Upstream - Downstream 

Date (shading = Date with Flow Dissolved Oxygen (mg/L) 

service date) >4,000 CFS? Upstream Downstream Difference Upstream 

6/15/2011 6.55 6.56 -0.02 20.32 

6/16/2011 6.66 6.63 0.03 19.71 

6/17/2011 6.50 6.44 0.07 19.99 

6/18/2011 6.27 20.89 

6/19/2011 6.00 21.12 

6/20/2011 Yes 5.73 20.62 

6/21/2011 Yes 6.18 19.89 

6/22/2011 Yes 6.92 19.70 

6/23/2011 Yes 7.01 19.99 

6/24/2011 Yes 7.18 19.53 

6/25/2011 Yes 7.06 20.15 

6/26/2011 Yes 7.09 21.05 

6/27/2011 Yes 7.03 21.42 

6/28/2011 Yes 6.69 21.44 

6/29/2011 Yes 6.74 21.66 

6/30/2011 Yes 6.71 22.10 

7/1/2011 Yes 6.43 23.01 

7/2/2011 Yes 6.09 24.37 

7/3/2011 Yes 6.07 24.53 

7/4/2011 Yes 6.12 24.26 

7/5/2011 Yes* 6.12 24.78 

7/6/2011 Yes 5.74 24.38 

1~ 
7/7/2011 Yes 5.72 24.93 

7/8/2011 Yes 5.62 6.42 -0.80 25.46 
1~ 

7/9/2011 Yes• 5.87 6.07 -0.19 25.55 

7/10/2011 Yes 5.70 5.72 -0.02 25.29 

7/11/2011 Yes 5.54 5.66 -0.11 25.47 

7/12/2011 Yes 5.33 5.45 -0.12 25.61 

7/13/2011 Yes 5.55 5.30 0.26 24.51 

7/14/2011 Yes 5.36 24.05 

7/15/2011 Yes 4.44 24.00 

7/16/2011 2.68 24.19 

1-
7/17/2011 2.04 25.01 

1-
7/18/2011 Yes 3.78 5.66 -1.88 26.36 

7/19/2011 Yes 5.10 5.29 -0.19 27.01 

7/20/2011 Yes 5.88 6.06 -0.17 27.60 

7/21/2011 Yes 5.50 5.71 -0.21 27.81 

7/22/2011 Yes 5.26 5.41 -0.15 26.95 

7/23/2011 Yes 5.33 5.30 0.03 27.14 

7/24/2011 Yes 5.76 5.85 -0.08 27.03 

7/25/2011 Yes 7.71 7.64 0.07 27.34 

7/26/2011 Yes 7.38 7.52 -0.14 27.02 

Page 1of3 

Temperature {0 C) 
Downstream Difference 

20.29 0.03 
19.95 -0.24 
20.06 -0.07 

26.05 -0.59 
25.72 -0.17 
25.44 -0.14 
25.69 -0.21 
25.78 -0.17 
25.01 -0.51 

26.74 -0.38 
27.08 -0.08 
27.67 -0.07 
27.89 -0.09 
27.02 -0.07 
27.20 -0.06 
27.09 -0.07 
27.40 -0.07 
27.10 -0.08 

20171220-5095 FERC PDF (Unofficial) 12/20/2017 12:07:11 PM



Table 1. 
Daily Averages of Upstream and Downstream Dissolved Oxygen and Temperature Data 

Little Chute Project, FERC No. 2588 on the Fox River In Combined Locks, Wisconsin 

Difference = Upstream - Downstream 

Date (shading = Date with Flow Dissolved Oxygen (mg/L) Temperature (0 C) 

service date) >4,000 CFS? Upstream Downstream Difference Upstream Downstream Difference 

7/27/2011 Yes 5.87 6.65 -0.78 26.25 26.31 -0.06 

7/28/2011 Yes 1.43 5.85 -4.42 25.73 25.80 -0.07 

7/29/2011 Yes 0.10 6.09 -5.99 26.18 26.27 -0.08 

7/30/2011 Yes 0.14 5.93 -5.79 26.84 26.91 -0.07 

7/31/2011 Yes 0.05 5.49 -5.44 26.63 26.71 -0.08 

8/1/2011 Yes 0.34 5.28 -4.94 26.69 26.77 -0.08 

8/2/2011 Yes* 0.19 4.64 -4.46 26.53 26.59 -0.06 

8/3/2011 0.05 4.93 -4.88 26.71 26.80 -0.09 

8/4/2011 0.16 4.54 -4.38 26.95 27.04 -0.10 ,_ 
8/5/2011 3.24 3.68 -0.44 27.45 27.40 0.05 ,_ 

8/6/2011 4.74 27.69 

8/7/2011 5.59 27.50 

8/8/2011 5.36 26.91 

8/9/2011 Yes 5.04 26.16 

8/10/2011 Yes 6.35 25.10 

8/11/2011 Yes 6.56 24.62 

8/12/2011 Yes 5.65 24.46 

8/13/2011 Yes 5.27 23.76 

8/14/2011 Yes 5.18 23.53 

8/15/2011 Yes 6.53 23.78 

8/16/2011 Yes 7.06 24.61 

8/17/2011 Yes 6.45 24.76 

8/18/2011 6.29 24.66 
- 8/19/2011 6.86 24.85 
-

8/20/2011 6.98 24.82 

8/21/2011 
8/22/2011 
8/23/2011 6.76 24.18 

8/24/2011 6.27 24.16 

8/25/2011 6.88 24.16 

8/26/2011 7.33 24.16 ,_ 

8/27/2011 8.23 24.15 

8/28/2011 9.48 24.10 

8/29/2011 8.77 23.70 

8/30/2011 9.00 8.26 0.74 23.64 23.44 0.20 

8/31/2011 8.48 8.06 0.42 23.38 23.33 0.06 

9/1/2011 8.09 7.71 0.38 23.42 23.42 0.00 

9/2/2011 
9/3/2011 
9/4/2011 
9/5/2011 
9/6/2011 

Page 2 of 3 
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Table 1. 
Daily Averages of Upstream and Downstream Dissolved Oxygen and Temperature Data 
Little Chute Project, FERC No. 2588 on the Fox River In Combined Locks, Wisconsin 

Difference = Upstream - Downstream 

Date (shading= 

service date) 
9/7/2011 
9/8/2011 
9/9/2011 

9/10/2011 
9/11/2011 
9/12/2011 
9/13/2011 

~ 

~ 

9/14/2011 
9/15/2011 
9/16/2011 
9/17/2011 
9/18/2011 
9/19/2011 
9/20/2011 
9/21/2011 ,_ 
9/22/2011 ,_ 
9/23/2011 
9/24/2011 
9/25/2011 
9/26/2011 
9/27/2011 
9/28/2011 
9/29/2011 
9/30/2011 

Date with Flow Dissolved Oxygen (mg/L) 
>4,000 CFS? Upstream Downstream 

10.82 

10.61 
10.81 
10.22 

9.97 
9.27 
8.63 
8.72 
9.46 

9.86 
9.96 
9.74 
9.56 
9.87 
9.53 

9.62 
10.18 
10.49 

9.85 
Yes 9.05 
Yes 9.15 

Yes 9.75 
Yes 9.57 
Yes 9.49 

Average 
Standard Deviation (STDEV) 

Average (omit 7-18, and 7-28 to 8-4) 
STDEV (omit 7-18, and 7-28 to 8-4) 

9.69 
9.40 

9.77 
9.84 
9.71 
9.49 
9.81 
9.10 

8.92 
10.22 
10.53 

9.90 
9.15 
9.29 
9.84 
9.63 
9.57 

Difference 

-0.98 
0.07 

0.09 
0.12 
0.03 
0.07 
0.06 
0.43 
0.70 

-0.04 
-0.04 
-0.06 
-0.10 
-0.14 
-0.09 
-0.06 
-0.08 

-0.91 
1.92 

-0.04 
0.34 

Upstream 
20.45 
20.86 
21.47 

21.76 
22.61 
23.62 

23.15 
21.15 
19.11 

18.01 
17.60 
17.47 
17.70 
17.91 
17.70 

16.89 
16.33 
15.92 
15.64 
15.62 
15.63 
15.86 
15.97 
14.98 

*Flow >4,000 CFS inferred from prior day's records (flow data unavailable for this date). 

=Service Date. 

Page 3 of 3 

Temperature (0 C) 

Downstream 

20.79 
19.09 
17.97 
17.52 

17.40 
17.64 
17.84 

17.67 
16.83 
16.26 

15.84 
15.56 
15.53 
15.55 
15.79 
15.90 
14.92 

Difference 

0.37 
0.02 
0.04 
0.08 
0.08 
0.06 

0.06 
0.03 
0.06 
0.07 
0.08 
0.08 

0.09 
0.08 
0.08 

0.07 
0.05 

-0.04 
0.16 
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Figure 5. Dally Averages for Temperature Upstream and Downstream of the Little Chute Project and Foll River Discharge 
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Figure 6. Daily Averases for Dissolved Oxysen Upstream and Downstream of the Little Chute Projer;t and Fox River Dlscharse 
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Appendh< D: Calibration Summaries 
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Luminescent Dissolved <>xyaen calibrftion Ched: o.ui 
Llttle ChW! Project, FERC No. 2581 on the Fax River In Comlllned Locks, Wisconsin 

DO data t0nsidered ;icceptable if pre- and post-calibration readings within lmg/L at least 70% of the time. 

Percent within Umits (calibration water}: 94% 

Percent within llmlts (river water): 100% 

Calibration Water River Water 

Date Site Unit (SN) Before After Difference Before After Difference 

8-Jul-11 Downstream 49431 8.25 8.33 -0.08 6.11 6.46 -0.35 

Upstream 37765 8.19 8.26 -0.07 5.58 6.00 -0.42 

18-Jul-11 Downstream 49431 

Upstream 37765 8.18 8.21 -0.03 5.14 5.25 -0.11 

S-Aug-11 Downstream 49504 8.08 8.19 -0.11 3.87 4.05 -0.18 

Upstream 37765 8.16 8.14 0.02 4.14 4.04 0.1 

19-Aug-11 Down strum 49504 

Upstream 37765 7.98 8 .07 -0.09 6.58 6.70 -0.12 

26-Aug-11 Downstream 45811 7.75 8.09 -0.34 7.78 7.46 0.32 

Upstream 37765 

l-Sep-11 Downstream 45811 6.58 7.62 -1.04 10.08 9.9 0.18 

Upstream 61113 7.39 7.6 -0.21 9.5 

14-Sep-11 Downstream 45811 9.39 9.43 -0.04 8.49 8.56 -0.07 

Upstream 49162 9.59 9.64 -0.05 8.41 8.48 -0.07 

22·Sep-11 Downstream 1 45811 9.07 9.22 -0.15 10.39 10.77 -0.38 

Downstream 2 61102 8.87 9.17 -0.3 

Upstream 49162 9.03 9.10 ·0.07 9.76 10.11 -0.35 

3-0ct-11 Downstream l 45811 9.67 9.44 0.23 10.33 10.08 0.25 

Downstream 2 61102 9.65 9.59 0.06 10.25 10.27 -0.02 

Upstream 49162 10.00 9.77 0.23 9.06 8.60 0.46 

Notes 

Repl;iced malfunctioning downstream unit. 

Unit unresponsive, cradted battery sleeve and water in battery 

chamber. Replaced unit on 8/23/11. 

Unit unresponsive, cracked battery sleeve and water In battery 

chamber. Replaced unit on 8/30/11. 

Unit not recording unless near vertical (downward). Replaced unit 

on9/7/11. 

Deployed Downstream 2 unit as backup for Downstream 1. 
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Appendix E Outage Details 

Upstream Data 

Data were unavailable during two periods from outage problems: August 20 to 30; and September 1 to 7. 

In addition, on August 5 we observed significant sedimentation/biofouling around the probe which led to 

near zero DO readings on July 29 to August 5 (Figure 2, Appendix A). Temperature data were generally 
not sensitive to biofouling, but were lost when the upstream unit failed to collect data from August 20 to 

30 due to battery failure (Figures 1 and 3, Appendix A). Observations and corrective actions taken for 

these two periods are described in the following paragraphs. 

August 20 - 30. The upstream probe ceased recording data between maintenance visits on August 20. 

When the probe was retrieved on August 26, the battery sleeve was observed to be bulged out 
approximately 1 cm with a thin horimntal crack in the lower threaded section of the sleeve. Water was 

observed to be in the battery chamber. After drying out the battery chamber and installing fresh batteries, 

the probe would not communicate with the laptop. GEI contacted the vendor/manufacturer of the 
instrument {Hach Hydromet [Hach]) from the field to discuss the observations and order a replacement 

probe. Hach technical staff indicated that water which had entered the chamber caused the batteries to 

short and the acidified water to soften the plastic battery sleeve causing the bulge. The unit was shipped 
back to Hach for further review and to download recorded data (prior to the short) from the CPU in their 

laboratory. Data was retrieved for August 19 to 20 at which time water leakage into the battery chamber 

apparently caused a short which ended data recording by the probe. 

The cause of water leakage into the battery chamber was not determined; however, water may have 

leaked through o-rings in the lower threaded portion of the battery sleeve or at the top of the sleeve, or a 
small crack may have developed in the thin, threaded section of the sleeve after re-deployment of the 

probe. No crack in the battery sleeve was observed prior to re-deployment on August 19. According to 

Hach technical staff, general wear of the plastic battery sleeve, along with the relatively thin-wall design 
of the sleeve in its lower threaded section, may have contributed to the water leakage observed. Hach 

agreed to ship a replacement probe as soon as possible and ensure that a new battery sleeve would be 

provided with the replacement unit. The replacement probe with new battery sleeve was deployed on 
August 30. 

September 1 - 7. The second period of missing data began on September 1 when the upstream unit was 
found to operate only when oriented near vertically (with the probe downward). While attempting to 
calibrate the probe using Hach' s standard method (with calibration water cup around the DO probe with 

the probe pointing upwards), the unit would not read DO (but would read temperature). The probe was 

found to read DO only when the unit was oriented within approximately 20 degrees of vertical (probe 

pointing downwards). GEi contacted Hach technical staff from the field and learned that some probes 
exhibit a fault whereby the electrical connection with the DO probe is not maintained unless gravity pulls 

the internal DO electronics downward. Hach indicated they have only rarely observed this fault and 

would ship a replacement probe as soon as possible. Per Hach instructions, GEi calibrated the unit 

downwards in a bucket of distilled water and re-deployed the unit. When this unit was replaced on 
September 7, no data was found to have been recorded since its re-deployment. The replacement unit 
recorded data through the end of the project. 

1 
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During routine maintenance and data downloading on July 18, significant algal coatings and some fine 
sediment were removed from around the DO and temperature probes. Following cleaning of the DO 

probe on July 18, DO readings increased from 1.97 to 5.23 mg/L. This is consistent with our conclusion 

that DO readings less than approximately 4 mg/L recorded from July 16 to 18 were suppressed due to 
biofouling and/or sedimentation around the probe just prior to servicing. 

During routine maintenance and data downloading on August 5, we removed significant quantities of silt, 

sand, and fine gravel lodged within the screen surrounding the DO and temperature probes. Following 
cleaning of the probe, DO readings increased from near zero to greater than 4 mg/L and were consistent 

with pre-calibration DO levels in the river. On July 27, DO readings dropped off rapidly to near zero 

through the remainder of the sampling period (August 5). Based on our review of the data including field 
observations of unusually heavy deposition of sediment around the probe, we concluded that 

sedimentation around the probe likely caused erroneous DO readings. 

Downstream Data 

Data were unavailable during the following periods: June 17 to July 8; July 13 to 18; August 5 to 23; and 
September 1 to 14. Exact hourly failures can be explored in the raw data (Appendix B). Observations and 
corrective actions taken for these four periods are described in the following paragraphs. 

June 17 - July 8. Flows decreased sufficiently to allow for initial retrieval and servicing of the 

downstream probe on July 8. Review of data in the field on this date indicated the unit rapidly lost power 

on the third day of deployment and ceased recording. GEI contacted Hach from the field in an effort to 
determine the cause of the fault and to request a replacement unit. Hach could not determine a cause of 

the fault based on field observations. Following subsequent investigation of the unit in their laboratory, 

Hach concluded the unit experienced a sensor failure which caused the rapid power loss. Per discussion 
with Hach from the field, we installed fresh batteries and redeployed the original unit on July 8, pending 
receipt of the replacement unit. 

July 13 - 18. When the original unit was retrieved and the replacement unit deployed on July 18, the 
original unit was found to have rapidly lost power on July 13 and ceased recording. As mentioned above, 

following investigation in their laboratory, Hach concluded the unit experienced a sensor failure which 

caused the rapid power loss. 

August 5 - 23. When the probe was retrieved on August 19, an approximately two-inch-long hairline 

crack was observed in the lower threaded section of the battery sleeve. Water was observed in the battery 
chamber. After drying out the battery chamber and installing fresh batteries, the probe would not 

communicate with the laptop. GEi contacted Hach from the field to discuss the observations and order a 

replacement probe. Hach technical staff indicated that water which had entered the chamber caused the 
batteries to short. The unit was shipped back to Hach for further review. Hach was unable to download 
any data off the CPU in their laboratory. 

Based on field observations and discussion with Hach, water appears to have leaked into the battery 

chamber through a hairline crack in the lower threaded portion of the battery sleeve. Nevertheless, the 
possibility of leakage through o-rings in the lower threaded portion of the battery sleeve or at the top of 

the sleeve cannot be ruled out. No crack was observed in the battery sleeve prior to re-deployment of the 

2 
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unit on August 5. According to Hach technical staff, general wear of the plastic battery sleeve, along with 
the relatively thin-wall design of the sleeve in its lower threaded section, may have contributed to the 
water leakage observed. Hach agreed to ship a replacement probe as soon as possible and ensure that a 
new battery sleeve would be provided with the replacement unit. The replacement probe with new 
battery sleeve was deployed on August 23. 

September 1 - 14. When the unit was retrieved on September 14, the unit appeared not to have recorded 
data even though a log file for the time period was created. The same field procedures were used to 
create and enable log files during other monitoring periods for this project. Discussions with Hach 
technical staff were inconclusive regarding the cause(s) of this data gap. Hach indicated that the design of 
the control interface might make it possible for a log file to be inadvertently disabled while closing out of 
the program; however, GEi's field operator recalls that a banner on the control panel was flashing the 
time until next reading (as normal) before closing out of probe's software interface. 

3 
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AppendiK F: FERC Order Approving Water Quality Monitoring Progr~m (Issued August 24, 2000) 
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unofficial FERC-Generated PDF of 20000825-0099 Issued by FERC OSEC 08/24/2000 in Dockett : P-2588-007 

.s2 met c,110 

UNITED ST A TES OF AMERICA 
FEDERAL ENERGY REGlJLATORY CO!vt~ISSION 

City of Kaukauna Project No. ~588-007 

OROER APPROVING WATER QUALITY MONITORING PLAN 

(Issued August 24. ~000) 

The City of Kaukauna (licensee) filed. on August 14. 2000. its water quality 
monitoring plan under anicle 403 of the license for the Little Chute Pn.~cct (FERC ~o. 
2588). The project is klcatcd on the Fox River. in the Village of Combined Locks. in 
Outagamie County. Wisconsin. 

BACKGROUND 

Anicle 403 requires the licensee to file. for Commission approval. a plan to 
monitor water quality in the prqject area. The plan is required to include a description of 
the methods which will be used to collect dissolved o>.-ygen (DO) and water temperature 
data from the project area every five years for the term of the license. In addition. the 
licensee is required to cooperate with an}' future plans developed by state or f edcral 
agencies to remove contaminated sediments from the lower Fox River. Such cooperation 
by the licensee may incJude. for example. providing reasonable access to project facilities 
and may also include brief and temporal)' modification of project operations to aJJo\\ safe 
working C<mditions for agency personnel. The licensee is also required to prepare the 
plan after consultation with the Wisconsin Department of Natural Resources (WONR). 

LICENSEE'S PLAJ\ 

The licensee proposes that HydroJab DataSondc probes. or their cqui\'alent. be 
deployed at locations upstream and downstream of the pr~ject. The prohcs would he 
deployed from June 15 through September 30, unless flows in the river are above 4.000 
cubic feet per second. which would inhibit safe deployment of the probes. The prohes 
would continuously monitor and record DO and water tempcrarure at I-hour inten·als 
during this period. The upstream probe would be located at the upstream end of the 
pr~ject's reservoir to provide informati<m on the DO and water temperature as it enters 
the project. ·1be downstream prnbe would be located approximately I 00 yards below the 
powerhouse and in the discharge Oow. Routine profile monitoring of the rescr\'oir will 
not be included since results of previous monitoring provided evidence that the rcscr\'oir 
docs not slrdtify significantJy 
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The data generated from the proposed monitoring will be surveyed biweekly. 
Should a comparison of the DO data from the upstream and downstream monitoring 
show a daily average difference between locations of greater than 2 milligrams per liter 
(mg/L) for a period of five consecutive days or more, discussions will be initiated with 
the WDNR to determine the cause of the difference. It may be determined during those 
discussions that profile monitoring should be implemented to help explain the 
differences. 

The probes at each location wm be calibrated every lO to 14 days. Calibration 
will be pcrfonned by using the air calibration method recommended by the manufacturer. 
Prior to calibration, the oxygen concentration of air readings will be recorded. 'These 
data wilJ be compared to post-calibration air oxygen concentrations to derive data on 
meter error or drift. At the end of the monitoring period, the DO data will be considered 
acceptable if the meters at each location provide readings during the pre- and post
calibration comparison that is within 1 mg/Lat least 70 percent of the time. Should a 
problem with meeting this calibration standard become apparent during the sampling 
period, the WDNR wm be ad\'iscd and a plan devised to ensure that the calibration 
standard is met for the remainder of the sampling period. 

A report of the findings during the sampling period will contain: raw data; graphs 
comparing hourly DO r~adings from upstream and downstream locations; graphs 
comparing hourJy temperature readings from upstream and downstream Jocations: basis 
statistics; quality assurance data and comparison percentage; and a description of all 
mechanical or other complications in monitoring experienced during the sampling 
period. The report wiJI be submitted to the WDNR and the Commission by December 
31. 2001. and every 5 years thereafter, for the term of the license, unless the WDNR and 
the licensee agree that future water quality monitoring is no longer necessary. 

AGE:SCY COMME1'TS 

The WDNR. by letter dated August 2, 2000. concurred with the licensee's 
proposed plan. 

DISCUSSION AND CONCLUSIONS 

The liccnsee1s plan to monitor water quality at the project satisfies the 
requirements of article 403. The licensee will monitor DO and water temperature 
upstream and d(rwnstream of the project for the period from June 1 S through September 
30 for the first year (2001) and then once every five years for the duration of the license. 
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The licensee will provide a repon following the monitoring season to the WDNR and the 
Commission by December 3J of the monitoring year. 

The licensee states that the monitoring will continue through the tenn of the 
license unless the licensee and the WDNR agree that monitoring is no long.er needed. ln 
the event that it is dctcnnined that monitoring is no Jonger need at the project. the 
licensee would need to file with the Commission. for approval. a request to discontinue 
monitoring and include concurrence from the WDNR. 

The licensee's pr an to monitor water quality fulfills the requirements of article 403 
and should. therefore. be approved. 

The Director orders: 

{A) The licensee's water quality monitoring plan for the Little Chute Project 
{FERC No. 2588), filed on August 14, 2000, is approved. 

(B) This order constitutes final agency action. Requests for rehearing by the 
Commi!;sion may be filed within 30 days of the date of issuance of this order, pursuant to 
18 CFR § 385.713. 

Rebecca Martin 
Team Leader 
Division of I lydropower Administration 
and Compliance 
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Locllfons of upstream and dawnsb'aam sites for walar quality monitoring, Llltle Chuta Hydroelecbfc Project, June 15 through September 30, 2011. 
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