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City of Mattoon NARP

LIST OF ACRONYMS

BNR Biological Nutrient Removal

CFS Cubic Feet Per Second

CWA  Clean Water Act

DAF Design Average Flow

DMR Discharge Monitoring Report

DO Dissolved Oxygen

EPA Environmental Protection Agency
FOIA Freedom of Information Act

HUC Hydrologic Unit Code

INLRS Illinois Nutrient Loss Reduction Strategy
MGD  Million Gallons per Day

NARP  Nutrient Assessment Reduction Plan
NHD National Hydrography Dataset
NLCD  National Land Cover Dataset

NPS Nonpoint Source

NHs Ammonia

NOs Nitrate

NPDES National Pollution Discharge Elimination System
P Phosphorus

POTW  Publicly Owned Treatment Works
SWCD Soil and Water Conservation District
TMDL  Total Maximum Daily Load

TN Total Nitrogen

TP Total Phosphorus

USGS  United States Geological Survey
WMP  Watershed Management Plan
WWTP Wastewater Treatment Plant

City of Mattoon Treatment Plant
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City of Mattoon NARP

1. INTRODUCTION & BACKGROUND

In 2018, the lllinois EPA instituted nutrient reduction permit requirements applicable to Publicly Owned
Treatment Works (POTW) with effluent discharges greater than 1-million gallons per day (MGD). The
nutrient reduction approach for POTWs supports a pathway to establish site-specific permit limits for
phosphorus at each facility in lieu of instituting a statewide limit. The Nutrient Assessment Reduction Plan
(NARP) requirement resulted from negotiations with environmental organizations, Illinois EPA, and the
Illinois Association of Wastewater Agencies.

A NARP Special Permit Condition is now included in a National Pollution Discharge Elimination System
(NPDES) permit if a receiving stream segment or downstream segment is on the lllinois Clean Water Act
(CWA) 303(d) list as impaired with phosphorus-related causes. A NARP is also required if there is a “risk of
eutrophication” as defined by meeting any of the three conditions outlined in Table 1.

Table 1 - lllinois EPA Risk of Eutrophication Criteria

Risk of Eutrophication if any of these Conditions Met:

pH Median Sestonic Chlorophylla | On any Two Days During lllinois EPA Monitoring Week, Daily Max
>9 > 26 ug/L pH > 8.35 and DO saturation > 110%

Whether the NARP special permit condition is triggered by a CWA 303(d) impairment listing, or
eutrophication risk criteria, the designation is often based on limited data. For example, the risk of
eutrophication justification for some sites is based on only two non-consecutive weeks of continuous
Dissolved Oxygen (DO) and pH data collection performed by the Illinois EPA. In some cases, the data is over
10 years old.

The Illinois EPA allows the NPDES permittee to undertake additional data collection and assessment, which
can confirm NARP triggering conditions, or determine that the watershed does not have a phosphorus-
related impairment or risk of eutrophication. If sufficient evidence indicates no impairment or risk of
eutrophication, it is possible that phosphorus regulation and mitigation measures may not be necessary.
The following actions have been proposed to comply with the NARP permit condition:

e Examine if sufficient data exists to fully characterize impairment or risk of eutrophication in the
receiving watershed.

0 If data is insufficient, create a water quality monitoring plan and collect data.
e If existing or new data indicates a full NARP is required:

0 Undertake watershed characterization.

0 Model watershed and instream processes.

0 Establish defensible site-specific water quality criteria.

0 Define scenarios and strategies to achieve water quality targets.

0 Implement NARP recommended actions and engage stakeholders.
This report details the monitoring program implemented to support a NARP Strategy and Work Plan.
Section 2 provides an overview of water quality triggers. Section 3 describes the monitoring program,
methods, and results with interpretation at the end of the section. Section 4 presents a Strategy and Work
Plan following a watershed characterization.
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City of Mattoon NARP

1.1 TREATMENT PLANT BACKGROUND

The City of Mattoon, located in Coles County, lllinois, operates one POTW with a design average flow (DAF)
of 5.3 MGD. The facility is subject to a NARP special permit condition with a deadline of December 31,
2023. The plant serves a population of 16,900 with 6,500 residential, commercial, and industrial
connections.

Treatment consists of screening, grit removal, primary settling, activated sludge, secondary settling, sand
filtration, and excess flow treatment. The Wastewater Treatment Plant (WWTP) discharges to Kickapoo
Creek, a small drainage ditch at the point of discharge that is characterized with seven-day one in ten-year
low flow (7Q10) of 0 cubic feet per second (CFS). Approximately 11.4 miles downstream from the outfall,
Riley Creek joins Kickapoo, and a further 5.75 miles downstream Kickapoo joins the Embarras River. The
City of Charleston’s WWTP (DAF 3.3 MGD) discharges into Cassell Creek, a tributary of Riley Creek (Figure
1). Charleston also has a NARP requirement in its NPDES permit.

2. NARP TRIGGERS & ACTIONS

The Mattoon NARP special condition was triggered by historical data indicating a risk of eutrophication in
an unnamed segment downstream of the plant’s outfall. An Illinois Freedom of Information Act (FOIA)
request identified the triggering segment as BEN-01, a segment of Kickapoo Creek downstream from the
confluence with Riley Creek. Supporting data was limited and not considered adequate to fully understand
the risk of eutrophication, or conclusive that nutrient concentrations in Mattoon effluent contributed to
the threshold exceedances (Table 2). The upstream watershed area of the plant outfall is 5.9 mi? and the
risk of eutrophication segment is 13.4 miles downstream with a watershed area that is nearly 17 times the
size (100 mi?).

Table 2 - lllinois EPA Risk of Eutrophication Designation Data - Mattoon WWTP

Continuous Days Exceeding DO L Ll
i Descripti hi hyll hl hyll
Site escription Monitoring Duration & pH Threshold Chlorophylia | Chlorophyll a
Samples Exceedances
Kickapoo Creek . .
BEN-01 after Confluence 2 weeks in 2011 6 days, 3in 2011 0
. . 2 weeks in 2016 allin 2011 3in 2016
with Riley Creek

Additional data mining was undertaken using publicly available sources to locate any other informative and
relevant nutrient, DO, pH or chlorophyll data. Several sites were identified in the study area (Figure 1),
however, there were no more than 5 measurements per parameter since 2002. Because the risk of
eutrophication segment (BEN-01) receives effluent from both Charleston and Mattoon, a water quality
monitoring plan (Appendix A) was created in cooperation with the City of Charleston to further evaluate
the risk of eutrophication and guide additional components of the NARP process. The plan was presented
to lllinois EPA staff via email with a request for feedback on 7 September 2022. While monitoring was
carried out in cooperation with Charleston, this report focuses on Mattoon and the combined segment
that receives effluent from both plants.
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City of Mattoon NARP

3. WATER QUALITY MONITORING PROGRAM & RESULTS

Based on the lllinois EPA recommendations, a combined monitoring effort between Charleston and
Mattoon was carried out with three main objectives:

1. Confirm or contest the appropriateness of the NARP requirement for each plant’s NPDES
permit.

2. Improve understanding of nutrient dynamics to inform next steps if a NARP needs to be
advanced to establish site-specific phosphorus limits.

3. Provide data to guide equitable implementation of nutrient reduction measures among
contributors if such reductions are necessary.

Mattoon retained Northwater Consulting to develop the monitoring plan and support the city in
implementing the monitoring program. The Work Plan and Strategy presented in Sections 4.2 and 4.3 are
guided by the monitoring results and the foundation of next steps in the NARP process.

3.1 MONITORING STATIONS & INFRASTRUCTURE

Figure 2 and Table 3 illustrate the 5 stations and pertinent details about the monitoring commissioned by
the City of Mattoon in 2022 and 2023. Section 3.2 details methods and parameters.

The City of Mattoon’s WWTP discharges to Kickapoo Creek above the confluence with Riley Creek. The
monitoring program was designed as a modified upstream/downstream configuration (Figure 2, Figure 3)
to capture stream conditions (1) before and after the WWTP outfall, and (2) before and after Riley Creek
flows into Kickapoo. As previously noted, the Charleston WWTP contributes effluent to Kickapoo via Riley
Creek upstream of the stream segment identified as having a risk of eutrophication.
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Eutrophication

* Charleston Outfall

Rile
Yu
(RCUC pS!‘re
ko"””"t)u;am Riley D t
lley Downstream
{RCDC) Continuous

Kickapoo Kickapoo
Upstream Middle \
(UMWWP) Grab (KCMD) Continuous \
Mattoon Flow Kickapoo \%9"
Outfall ' “,
Downstream £ %,
(KCDN) Grab c /Cff'a &) /‘\Op-
7
/4.0007 - % G
Céy(" //?e
Dob}ibd |
O 2|
2

Figure 2 — Monitoring Program Schematic (not to scale)

Northwater Consulting 7



City of Mattoon NARP

BE"180W BEM1ETW 88" 140w B*12'0"W
1 1 L L

B8"100"W BE"BUW
1 1

Riley reek

Mattoon

| h I
City of Mattoon WWTP Alrport

Humbaldt

Casse! Creek

R Ak — RCUC

Kip,
24000 Creek

KCDN

Le ma

City of Charleston'WWTP!

Fo
Ridge
State Park

|'|.'.ka,‘_

&

NARP Monitoring Locations

Risk of Eutrophication

[
'y

L
39°35'0°N

I
330N

U
39°32'0°N

I
39°30'0°N

L]
39"280°N

Ll
39 260°N

L
30°24'0°N

A WWTP

[ ] Huc10 Boundary

—— |EPA Streams 0

Cities of Charleston
and Mattoon NARP
NARP Monitoring Sites
1.5 3 4.5 B

Miles

¢

northwate

Figure 3 - NARP Monitoring Locations

Northwater Consulting




City of Mattoon NARP

Grab sample collection began on Mattoon’s Kickapoo Creek sites in August 2022 (Table 3). Due to
manufacturer delays, the continuous monitoring instrumentation was deployed in October 2022. On Riley
Creek above the confluence with Kickapoo, grab sampling began in June 2022 and continuous monitoring
began in July 2022 as part of Charleston’s NARP activities. For all stations, the program concluded at the
end of October 2022 and resumed in May 2023. Monitoring then concluded on Kickapoo Creek sites at the
end of October 2023, and for Charleston’s Riley Creek site, at the end of July 2023. Although the program
spanned two years, grab sample and continuous monitoring from the May-October period is fully
represented at all sites.

Table 3 - Monitoring Stations - 2022-2023 Period

Approximate
Lat/Long ) - .
X Alternate i Distance Watershed Type of Monitoring Periods
Station ID i Name (decimal i .
Station IDs from Outfall Area (mi?) Sampling (2022-2023)
degrees) .
(mi)
Kickapoo October 2022
39.4731612, 0.25 Grab Only
UMWWP NA Creek 5.2 &
-88.3651197 (upstream) Weekly
Upstream May — October 2023
Kickapoo Continuous/ October 2022
39.486860, 1.1 .
KCMD NA Creek 7.0 Biweekly &
. -88.210115 | (downstream)
Middle Grab May — October 2023
. 1.5 .
Riley Creek Continuous/ June - October 2022
BENA-01 39.476217, (downstream .
RCDC o Downstream 66.3 Biweekly &
(lllinois EPA) -88.206194 of Charleston
Grab May —July 2023
outfall)
Kickapoo October 2022
BEN-02 39.465059, 10.7 Grab Only
KCDN o Creek 30.6 &
(Illinois EPA) -88.230240 | (downstream) Weekly
Downstream May — October 2023
Kickapoo Continuous/ October 2022
BEN-01 39.46252, 13.4 .
KCCB o Creek 100.2 Biweekly &
(Ilinois EPA) . -88.19315 (downstream)
Combined Grab May — October 2023
3.2 METHODS

Sampling parameters were selected to be directly responsive to the NARP triggering criteria, with a
combination of continuous monitoring, spot checks with handheld meters and grab samples submitted for
lab analysis. Table 4 summarizes all parameters and other details including methods and sampling
frequency. Continuous data collection stations included temporarily deployed infrastructure to facilitate
use of water quality sondes. Sondes were placed in 3” perforated PVC pipes that extended from the bank
as close as practical to the channel thalweg. The sondes were positioned so that they were in flowing water
and not influenced by stagnant or non-flowing backwater conditions.
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City of Mattoon NARP

Continuous Monitoring (3 Stations: KCMD, KCCB and RCDC)

In-Situ Inc. AquaTroll 500 multiparameter continuous monitoring sondes with internal logging and
battery deployed at three of the four stations (KCMD, KCCB and RCDC).

O Bi-weekly site visits to download data, calibrate and maintain the sensors and
infrastructure. All instrument calibrations and maintenance followed manufacturer’s
recommended practices and calibration logs were saved.

The sondes were equipped with pH, DO, temperature, conductivity, and chlorophyll a optical
fluorescence sensors. The sondes also included pressure transducers to record water
height/stage.

Data collection frequency was 15-minutes to enable the capture of daily maxima and minima of
parameters such as pH and DO, which is relevant to Illinois EPA eutrophication risk criteria.
Chlorophyll a optical fluorescence data was collected to better understand its occurrence and
variability through the monitoring period as it is a eutrophication risk criterion (26 pg/L is the
NARP threshold). The sensor data is considered a qualitative measurement and not reliable to
make conclusive determinations of NARP triggers.

Spot Checks and Field Water Quality Data

Kickapoo Creek upstream of the WWTP outfall (UMWWP) is a small, highly channelized stream.
During the sampling period there was streamflow observed during every site visit but one. With
limited resources available, spot and grab sampling were considered adequate for securing
baseline data.

The Kickapoo Creek Downstream station (KCDN) is just upstream of the confluence with Riley
Creek. With limited resources available, spot and grab sampling were considered adequate for
securing baseline data of changes in water chemistry downstream of the outfall and above the
confluence.

The Kickapoo Creek Upstream station and Kickapoo Creek Downstream stations were monitored
weekly for DO, pH, conductivity, temperature, and turbidity. Monitoring was performed by
Northwater Consulting and Mattoon WWTP staff using handheld water quality meters.

At all other sites on Kickapoo and Riley Creeks, (KCMD, KCCB and RCDC) spot checks were
performed bi-weekly for DO, pH, temperature, conductivity, and turbidity using calibrated
handheld water meters (YSI ProQuatro and YSI ProDSS).

Flow was measured bi-weekly at all sites using a measuring tape, top set wading rod and
electromagnetic flowmeter. The United States Geological Survey (USGS) midsection method was
applied to measure flows using a Hach FH-950 electromagnetic velocity meter, tape measure, and
a top-set wading rod.

Laboratory Analysis

Nutrient grab samples were collected on the bi-weekly schedule at all stations.

Parameters included Total Phosphorus (TP), Orthophosphate, Total Nitrogen (TN), Ammonia
(NHs) and Nitrate (NOs’), as well as chlorophyll a (Table 4).

Nitrogen analysis was added for the 2023 monitoring season to support an improved
understanding of in-steam chemistry processes.

Northwater Consulting 10



City of Mattoon NARP

e laboratory analysis for nutrients was performed by Mattoon and Charleston WWTP staffs in-

house. Chlorophyll a was sent to an accredited contract laboratory (Pace Analytics, Peoria, IL)
for analysis.

WWTP Effluent

Effluent data is collected as part of the lllinois EPA-required Discharge Monitoring Report (DMR).

Parameters relevant to the NARP study include daily discharge, TP and TN which are monitored and
reported monthly.

e The average effluent flow for Mattoon during the monitoring period was 3.2 MGD, or 4.95 ft3/s.
e The average effluent TP concentration during the monitoring period was 4.3 mg/L.

Example of Temporary Infrastructure at KCMD

Northwater Consulting 11



Table 4 - Water Quality Monitoring Parameters and Methods

City of Mattoon NARP

Sonde
Collection
Parameter Frequency Method Method Identifier Calibration
Type
Method
. InSitu: EPA Approved .
Continuous . . 100% Air
. Continuous Optical Method .
Dissolved Probe Saturation
YSI: ASTM D888-09
Oxygen
Handheld . .
Bi-weekly Optical ASTM D888-09 -
Meter
Continuous . . . 2 Point
Continuous Potentiometric EPA 150.2
H Probe 7 & 10 pH
P Handheld _ o
Bi-weekly Potentiometric EPA 150.2 -
Meter
Continuous . . Factory
Continuous Thermistor EPA 170.1 . .
Water Probe Calibration
Temperature Handheld . .
Bi-weekly Thermistor EPA 170.1 -
Meter
. . . Instrument 2 Point
Continuous . In-situ Optical . .
Continuous Manufacturer Optical Rhodamine
Probe Fluorescence
Chlorophyll-a Method 0&2.9RFU
. Lab
Grab Bi-weekly . EPA 445.0 -
Spectrophotometric
Total . .
Grab Bi-weekly Colorimetry EPA 365.1 / EPA 365.3 -
Phosphorus
Orthophosphate Grab Bi-weekly Colorimetry EPA 365.1 / EPA 365.3 -
Ammonia Grab Bi-weekly Colorimetry Hach 10205 -
Nitrate Grab Bi-weekly Colorimetry Hach 10206 -
Total Kjeldahl
. Calculated - Calculated - -
Nitrogen
Total Nitrogen Grab Bi-weekly Colorimetry Hach 10208 -
Continuous . . 1 Point
Continuous Resistor Network EPA 120.1
. Probe 1,413 puS/cm
Conductivity
Handheld . .
Bi-weekly Resistor Network EPA 120.1 -
Probe

Northwater Consulting
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City of Mattoon NARP

3.4 MONITORING RESULTS

This section presents results of the monitoring program and is organized into relevant sections based on
the measured parameters relevant to the NARP. All grab sampling data and contract laboratory reports
can be found in Appendix B.

STREAMFLOW

Table 5 and Figure 5 present a summary of the flow data collected during the monitoring period. Some
data were influenced by precipitation and runoff events however, flows were generally low at all the sites
through the monitoring period. Drought conditions were experienced as illustrated by nearby USGS station
03343400 on the Embarras River near Camargo, which in 2022 and 2023 respectively recorded its second
and third lowest mean flows from May-October (Figure 4). The monitoring period is not considered
representative of average conditions, and the hydrology and flows of the river systems were more
significantly driven by WWTPs during this period than is typical.

Embarras River at Camargo
USGS-03343400

1800

1600

800
600
400
200 = I I

0

Sum of May-October
Monthly Mean Flow {cfs)

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 4 - Sum of Monthly Mean Flows (May-October) at USGS-03343400, Embarras River at Camargo

Kickapoo Creek Upstream (UMWWP)

o Kickapoo Creek upstream of the WWTP typically had very low flows, with a median of 0.13 cfs.
There was one instance of zero discharge on 15 September 2022. The highest flow measured was
1.84 cfs on 15 May 2023 following a precipitation event.

Kickapoo Creek Before Confluence with Riley (KCMD & KCDN)

o Kickapoo Creek Middle (KCMD) is 1.1 miles downstream from the Mattoon WWTP outfall. Based
on flows measured at this station and the upstream station, the WWTP effluent made up most of
the flow on this section of Kickapoo Creek except during high flow events. There are several dates
where effluent is estimated to be over 90% of the flow.

Northwater Consulting 13



City of Mattoon NARP

Kickapoo Creek Downstream (KCDN) is approximately 10.7 miles downstream of the WWTP and
captures all the Kickapoo Creek watershed before the confluence with Riley Creek. During dry
periods, the flows at KCDN are similar to KCMD, but during wet periods, the flows at KCDN are
higher, indicating there is significant nonpoint source (NPS) runoff from the watershed.
Measured flows range from 0.9 cfs to 16.5 cfs at KCDN and from 1.1 cfs to 8.8 cfs at KCMD during
the monitoring period.

Riley Creek Downstream (RCDC)

Riley Creek joins Kickapoo approximately 8 miles downstream from the WWTP, and the station
captures nearly the entire 66 mi? Riley Creek watershed, including the Charleston WWTP. Flows
in Riley are typically higher than the flows in Kickapoo Creek with its ~30 mi? watershed. Measured
flows ranged from 1.3 cfs to 53.2 cfs.

Kickapoo Creek Combined (KCCB)

The Kickapoo “combined” station is over 13 stream miles from the Mattoon WWTP outfall and
captures the entire Kickapoo Creek - Riley Creek watershed of 100 mi2. The station also captures
the WWTP discharge from Charleston, which is located on Cassell Creek, a tributary of Riley.
Measured flows ranged from 2.5 to 73.8 cfs during the monitoring period, however, on two
occurrences high flows could not be measured using wading methods due to safety concerns.

At the lowest measured stage, Kickapoo Creek flows at this site are estimated to be roughly 35-
45% from the WWTP. During higher flows this proportion is significantly less.

Table 5 - Summary of Flow Data

Approximate
. # Range .
Station Median | WWTP % of Flow Notes
Measurements (cfs) .
at Median
Kickapoo Creek
Upstream 13 0.0-1.8 0.1 Upstream -
(UMWWP)
Kickapoo Creek
Middle 13 1.1-8.8 3.0 95% -
(KCMD)
Kickapoo Creek
Downstream 13 0.9-16.5 3.6 90% -
(KCDN)
. . ** The monitoring period differed
Riley Creek Tributary .
for Riley Creek and captured more
Downstream 8 1.3-53.2 13.6 (~25% Charleston o .
wet weather, raising the median
(RCDC) Effluent) .
and proportion of effluent.
. **2022 and 2023 experienced
Kickapoo Creek ~35-45% Mattoon . . .
. drought, increasing the proportion
Combined 13 2.5-73.8 7.4 ~20-30%
of base flow from WWTP effluent
(KCcecB) Charleston
well above normal levels.

Northwater Consulting
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Figure 5 - Flow Measurements During Monitoring Period (note flow was not collected at KCCB on 21 July 2022
and 4 August 2022)

SESTONIC CHLOROPHYLL A

Chlorophyll a results are shown in Figure 6 and were low throughout the monitoring period at all sites
(n=13: KCCB; n=15: all others), typically far below the 26 pg/L risk of eutrophication threshold.

Kickapoo Creek upstream (UMWWP) had two samples with results at or above the 26 pg/L risk
threshold, on 23 May 2023 and 12 September 2023. Both were collected during dry periods when

flow was low.

At KCCB there was one outlier result in October 2022 with a concentration of 21 pg/L on Kickapoo
Creek. The elevated chlorophyll a result coincides with the Charleston WWTP discharging treated
water from their excess flow lagoon. The concentration detected is reflective of that lagoon

environment and not a bloom of sestonic algae growth in lower Kickapoo Creek. Treated water

from the lagoon had been discharging periodically during 6 of the 10 days before the sample was

collected, and elevated results were also observed in Riley Creek.

(0}

Continuous chlorophyll fluorescence results are not considered quantitative
concentration measurements; however, sensor data did corroborate that there were
elevated levels in the stream at that time. Sensor data also indicated elevated levels
coincident with other lagoon releases.

Outside of these elevated periods, the sensor-recorded levels remained near zero,
indicating that chlorophyll risk of eutrophication exceedances are unlikely.

Overall, laboratory results are low and below risk of eutrophication thresholds. This is expected

in a stream with perennial baseflow conditions.

Northwater Consulting 15
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Figure 6 - Chlorophyll a Results (presented as box plots with sample medians annotated)

KICKAPOO CREEK UPSTREAM (UMWWP) — DO, pH, PHOSPHORUS

UMWWP Key Takeaways:

e This station is upstream and outside the influence from the Mattoon WWTP outfall and is not
continuously monitored.

e Eutrophication risks were not met based on the DO + pH criteria.

e Eutrophication risk conditions were not met based on the median sestonic chlorophyll a criteria,
however two samples were above the 26 pg/L threshold.

e High chlorophyll results occurred when TP was also high.

e Data indicates that NPS are a contributor of Kickapoo Creek upstream nutrient loads during

normally flowing conditions.

Kickapoo Creek upstream of the Mattoon WWTP was monitored at a minimum frequency of weekly (n=51).
DO saturation and pH results are illustrated in Figure 7. Many of the measurements were made in the late
morning or afternoon when DO and pH are expected to be near their daily peaks. There were no
exceedances of the DO + pH risk of eutrophication criteria observed in the monitoring period. However,
this site was not monitored continuously, thus it is impossible to quantify the true number and magnitude

of exceedances, if any.

There is phosphorus available in the stream from NPS. The mean TP concentration was 0.64 mg/L (n=34),
and the maximum was 2.79 mg/L. The phosphorus results were most elevated during the September-

Northwater Consulting 16



City of Mattoon NARP

November months, when flows were at their lowest. Interestingly, the two highest chlorophyll results
occurred when TP samples were above 2.0 mg/L. There was a TP outlier of over 7 mg/L on 26 September
2023, and it is believed to be an analysis error as the orthophosphate measure remained low and there
were no other samples nearing this concentration. Thus, this measurement was removed from the dataset.
Abnormally low flows during much of the monitoring period indicate that data at this site is not
representative of typical conditions.

Kickapoo Creek at S. 6™ Street. Upstream of Mattoon WWTP (UMWWP)

Northwater Consulting 17
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Figure 7 - Kickapoo Creek Upstream (UMWWP) - DO saturation, pH, TP, and Stage from KCMD - 2022-2023

KICKAPOO CREEK MIDDLE (KCMD) — DO, pH, PHOSPHORUS

KCMD Key Takeaways:

e This station captures the watershed that includes the WWTP. The site is approximately 1.1 miles
downstream of the outfall.
e Eutrophication risk conditions were not met based on the DO + pH criteria, nor the pH >9 criteria.
0 There were 196 days of continuous monitoring.
e Eutrophication risk conditions were not met based on the median sestonic chlorophyll a criteria.
e Phosphorus concentrations are elevated compared to the upstream and downstream sites.

Kickapoo Creek Middle is 1.1 miles downstream of the WWTP and was monitored with in-situ sensors.
This allowed for characterization of the diel range of DO and pH (Figure 8). Additionally, grab samples
were collected, and spot checks were performed during instrument calibration visits, approximately every
two weeks. There were 196 monitoring days with both DO and pH measurements. None of these
measurements exceeded the risk of eutrophication criteria of daily maximum 110% DO saturation and
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8.35 pH (Table 6). Chlorophyll was generally low, well below the 26 ug/L criteria. The median chlorophyll
o concentration was 4.1 pg/L with a maximum of 11 pg/L.

Table 6 — Kickapoo Creek Downstream Near the Outfall (KCMD) - Summary of Continuous Monitoring Results

Days with e # of Days Exceeding the Risk of | % of Days Exceeding the Risk of
edian Dai
Continuous S g Eutrophication Criteria Eutrophication Criteria
Ximu
Monitoring (8.35 pH + 110% DO) (8.35 pH + 110% DO)
80.3% (DO Saturation) o
196 7.4 (pH) 0 days 0%

A pattern in DO and pH related to precipitation and runoff events was observed. During high flow events,
DO saturation and pH dip, and then recover to normal levels over a period of days. These dips in DO during
runoff events caused several brief instances below 5.0 mg/L. Data do not appear to be related to nutrient
issues in the stream. The mean TP concentration at KCMD was 3.0 mg/L (n=34) with maximum values of
7.2 mg/L and 6.1 mg/L occurring in September 2023, during a period of low flow. Mean orthophosphate
was 2.7 mg/L (n=35) with a maximum of 7.01 mg/L. The results indicate there are notable phosphorus
concentrations in the stream from NPS. Dense canopy cover may restrict algal growth and eutrophication
conditions at this station.

Kickapoo Creek Middle, at Odd Fellow Rd. Downstream of Mattoon WWTP (KCMD)
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Figure 8 — Kickapoo Creek Middle 1.1 Miles Downstream from the Mattoon Outfall (KCMD) - DO saturation, pH,
TP, and Stage - 2022-2023

KICKAPOO CREEK DOWNSTREAM (KCDN) — DO, pH, PHOSPHORUS

KCDN Key Takeaways:

e This station is 10.7 miles downstream from the WWTP, and 0.7 miles upstream from where Riley
Creek enters Kickapoo Creek.
e Eutrophication risk was met based on the DO + pH criteria.
0 10 days during the monitoring period.

e Eutrophication risk conditions were not met based on the pH > 9 criteria.
e Eutrophication risk conditions were not met based on the median sestonic chlorophyll a criteria.
[}

Data indicates that NPS is a contributor of Kickapoo Creek nutrient loads.

Kickapoo Creek Downstream is 10.7 miles from the WWTP, but upstream from where Riley Creek enters
Kickapoo. This site was monitored approximately weekly. Dissolved Oxygen saturation + pH (n=49) and TP
(n=34) results are illustrated in Figure 9. Most measurements were made in late morning or early afternoon
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when DO and pH are expected to be approaching their daily peaks. Based on the DO + pH risk of
eutrophication criteria, there were 10 exceedances, most in early summer 2023, and typically occurred
during base flow conditions. Total Phosphorus results from samples collected coincident with DO + pH
samples above 100% and 8.35 were typically near or below median TP.

As expected in a small stream with good canopy cover and consistent baseflow, sestonic chlorophyll a
levels are low relative to the 26 pg/L threshold, with a mean of 2.8 pg/L and a maximum of 9.6 ug/L from
15 samples.

This station experienced a risk of eutrophication exceedance in about 20% of DO + pH samples during the
monitoring period. The site was not monitored continuously and data regarding the duration and
magnitude of the eutrophication risks are not quantifiable. Results indicate there is phosphorus available
in the stream from both point and NPS in the 30 mi? watershed. The mean phosphorus concentration was
2.0 mg/L and the maximum was 5.4 mg/L. Concentrations generally increased as pH, DO, and flows
decreased over the summer monitoring period into early fall.

Kickapoo Creek Downstream, at N. County Road 1680E. Downstream of
Mattoon WWTP (KCMD)
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Figure 9 — Kickapoo Creek Downstream (KCDN) - DO Saturation, pH, TP, and Stage from KCMD - 2022 - 2023

RILEY CREEK DOWNSTREAM (RCDC)

Riley Creek downstream was monitored with continuous monitoring equipment and grab sampling as part
of the City of Charleston’s NARP from July — October 2022 and May — August 2023. It is noted as it may
serve as an important reference point for development of NARP strategies and planning between
Charleston and Mattoon. For a full description of this site and results, see the City of Charleston NARP
Strategy and Work Plan.

KICKAPOO CREEK COMBINED (KCCB) — DO, pH, PHOSPHORUS

KCCB Summary:

e This station is downstream of the confluence with Riley Creek and influenced by both the
Charleston and Mattoon WWTP outfalls. It is approximately 13.5 stream miles downstream of the
Mattoon WWTP and 4.3 stream miles downstream from Charleston.
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e Eutrophication risk conditions were met based on the DO + pH criteria.
0 The DO + pH eutrophication risk criteria was exceeded on 40% of the days monitored with
sensors.
0 Most of the exceedances occurred in the spring to early summer (mid-July).
e Eutrophication risk conditions were not met based on the pH > 9 criteria.
e Eutrophication risk conditions were not met based on the median sestonic chlorophyll a criteria.
e Phosphorus levels are low compared to upstream of the confluence with Riley Creek at KCDN.
e Water quality at this site is influenced by both the effluent of Charleston and Mattoon’s WWTP,
as well as NPS phosphorus in the 100 mi? watershed.
e Dense canopy cover and soft stream substrates are likely limiting periphyton growth.

Kickapoo Creek “Combined” (KCCB) is downstream of the confluence with Riley Creek. It is the stream
segment identified by the lllinois EPA that triggered the NARP special permit condition for Mattoon and
Charleston. The station was monitored with sondes and grab sampling. For the monitoring period October
2022 and May — October 2023 there were 198 days of DO and pH sensor data collected (Figure 10), of
which 40% exceeded the risk of eutrophication criteria (Table 7).

An equipment failure resulted in a data gap from late June to mid-July 2023. During this period, 1 of 4 grab
samples exceeded the DO + pH risk of eutrophication criteria. The mean chlorophyll a concentration was
4.8 pg/L and the maximum was 21 pg/L (n=13). It is important to note that this maximum concentration
was an outlier, influenced by discharge of treated wastewater from Charleston’s excess flow lagoon,
described previously. The next highest concentration was 7.3 pg/L, indicating sestonic chlorophyll a is not
a eutrophication risk criteria of concern at this site. Sensor data corroborates this assertion, as the peaks
in chlorophyll fluorescence coincide with treated lagoon wastewater releases.

Table 7 - Summary of KCCB Continuous Monitoring Results

Days with Median Dail # of Days Exceeding the Risk of % of Days Exceeding the Risk of
Continuous Maxim my Eutrophication Criteria Eutrophication Criteria
ximu
Monitoring (8.35 pH + 110% DO) (8.35 pH + 110% DO)
122% (DO Saturation) o
198 8.3 (pH) 79 40%

Most of the risk of eutrophication exceedances occurred early in the monitoring season. In August 2023,
several rainstorms over a few days increased creek stage slightly. This influx of rainwater appeared to keep
the diel range of pH from rising above the 8.35 threshold, even while DO was consistently above the 110%
daily maximum level.

Mean TP concentration at KCCB was 1.27 mg/L (n=24) with several samples exceeding 2 mg/L. These high
concentrations occurred during some of the lowest measured flows at this site. Mean orthophosphate
concentration was 1.25 mg/L as phosphorus (n=23), with results mirroring those of TP. There is not a
consistent pattern or correlation between phosphorus concentrations and eutrophication risk occurrences,
as many of the longest durations of eutrophication risks occur when concentrations are statistically lower.
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The results indicate patterns in phosphorus are similar to
(KCDN) before its
river flows and

Kickapoo Creek Downstream
confluence with Riley. However,
phosphorus loads are greater at Kickapoo Creek
Combined (KCCB) compared to the next station
upstream, indicating that the Riley Creek watershed is
also contributing nutrients likely from both point and
NPS. Charleston monitoring data was important for
further assessing the eutrophication dynamics and

guiding strategies.
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Kickapoo Creek Combined, Lincoln Hwy Road.
Downstream of Mattoon and Charleston WWTPs (KCCB)
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Figure 10 - Kickapoo Creek “Combined” (KCCB) DO Saturation, pH, and TP - 2022 - 2023
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City of Charleston NARP Strategy & Workplan

3.5 INTREPRETATION & ANALYSIS

The monitoring results identified eutrophication risk based on one of the three criteria defined by the
lllinois EPA (pH > 8.35 and DO saturation > 110%) at the two furthest downstream stations, which had
documented risk associated with pH and DO saturation criteria. There were no exceedances of the median
chlorophyll a or pH > 9 criteria. The upstream station and downstream station closest to the WWTP outfall
did not exceed risk of eutrophication criteria. The occurrences that were documented do not appear to
correlate with patterns in phosphorus concentrations.

The results illustrate the complex watershed and stream system processes affecting water quality and
contributing to eutrophication risk. Therefore, the treated effluent from Mattoon may be only one of
several drivers. The data demonstrates that NPS and treated wastewater effluent are both contributors of
phosphorus. Nonpoint sources are likely responsible for the highest concentrations detected and comprise
a larger fraction of the annual yields entering the stream systems.

The dry conditions and lower baseflows during the 2023 monitoring period likely elevated the frequency
and duration of risk of eutrophication exceedances and may not be the most representative snapshot of
data to inform the NARP. The segment of Kickapoo Creek (KCCB / IEPA_BEN-01) was the original stream
segment that triggered the NARP permit condition for both Charleston and Mattoon.

Approximately 40% of monitored days in 2022 and 2023 were above the threshold of 8.35 pH and 110%
DO daily maximum which corroborates 2011 lllinois EPA monitoring results, and it was this stream segment
that had the most significant number of eutrophication risk conditions. However, the 2016 lllinois EPA data
did not show any eutrophication risk occurrences. Mattoon intends to focus further efforts and next steps
on the NARP on this segment, and in coordination with the City of Charleston. A Strategy and Work Plan is
presented in subsequent sections.

4. NARP STRATEGY & WORK PLAN

Based on an understanding of the watershed dynamics and the results of the monitoring program, the
NARP Strategy and Work Plan is presented focusing on the Kickapoo Creek stream segment BEN-01 and
the associated 65,489-acre watershed. This watershed area is included within the 2022 Embarras River
Watershed Management Plan (WMP), which is an lllinois EPA approved nine-element plan and was
supported by the City Mattoon. Kickapoo Creek represents 4.2% of the entire Embarras River basin.

This Kickapoo Creek watershed comprises of 67% agriculture and 13% urban/developed lands and includes
the City of Charleston WWTP in addition to the Mattoon WWTP. Mattoon and Charleston intend to
coordinate and synthesize NARP efforts.
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4.1 WATERSHED CHARACTERIZATION

A concise watershed characterization is presented and includes relevant information related to hydrology,
land cover, climate and demographics. Current and historical water quality impairments are summarized
and estimates of phosphorus loading from NPS and point sources are presented. Most of the data
presented are derived and/or recalculated from the 2022 Embarrass River WMP for only the Kickapoo
Creek basin. This section also details applicable linkages with the 2022 WMP, other relevant plans, efforts,
and initiatives.

HYDROLOGIC UNIT CODES

Kickapoo Creek is in east-central lllinois, entirely within Coles County and within the larger Embarras River
watershed. The 10-digit Hydrologic Unit Code (HUC - 0512011206) watershed is 65,489 acres and contains
3 smaller HUC12 subwatersheds (Table 8).

Table 8 - Kickapoo Creek HUC 12 subwatersheds

HUC Name HUC 12 ID Area (acres)
Sweetwater Creek — Kickapoo Creek 05120112603 24,602
Riley Creek 05120112601 25,944
Cassell Creek 05120112601 14,944
Total: 65,489
STREAMS & LAKES

According to the National Hydrography Dataset (NHD) there are 184 miles of streams and rivers, including
artificial drainageways (Table 9). Kickapoo is the longest named stream at 20.6 miles followed by Riley (15.4
miles) and Cassell (8.6 miles). Unnamed tributaries and artificial drainage ways cover 132 miles. Water
quality impairments are included in a proceeding section of this watershed characterization.

Table 9 - Watershed Stream Segments and lllinois EPA Assessment ID

Stream Name lllinois EPA Assessment ID Length (Miles)
Unnamed Tributary/Drainage Way N/A 132
Kickapoo Creek BEN-01/BEN-02 20.6
Riley Creek BENA-01/BENA-02/ BENA-03 154
Cassell Creek BENC-01 8.6
Union Drainage District Number 3 N/A 4.5
Sweetwater Creek BENB 2.7
Total: 184

The NHD also identifies 243 acres of lakes, ponds and reservoirs, the largest lake is unnamed and 21 acres
in size. The largest named lake is Lake Windermere at 8 acres.
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CLIMATE NORMALS

Based on climate normals published by the lllinois State Climatologist for Charleston for the period of 1991
— 2020 (Uofl, 2023), Mattoon receives an average of 42.29 inches of precipitation per year (3.44 inches/
month). April is typically the wettest month, averaging 4.78 inches. Average temperature is 54 degrees
Fahrenheit and July is the warmest month.

The watershed experienced 19% less precipitation than average in 2022 and 2023. The monitoring data
supporting this NARP is from a climatic and hydrological period that is not representative of average
conditions.

LAND COVER

Table 10 presents the land cover of the watershed. The two predominant land cover categories are (i) 67%
agriculture comprising 43,824 acres of cultivated crops, and (ii) 13% developed/urban areas comprising of
8,262 acres according to the National Land Cover Database (NLCD) (Dewitz, J., 2021).

Of the fifteen HUC10 watersheds in the Embarras Basin, Kickapoo Creek contains the highest proportion
of developed land area.

Table 10 — Kickapoo Creek Watershed Land Cover

Land Cover Area (acres) | % of Watershed Area
Cultivated Crops 43,824 67%
Developed 8,262 13%

Forest 6,550 10%
Developed Open Space 3,814 5.8%
Grasslands/Hay/Pasture 2,763 4.2%

Open Water 162 0.25%
Wetlands 91 0.14%
Barren Land 23 0.04%
Total: 65,489 100%

Riley Creek (HUC12 05120112601) has the greatest proportion of agriculture/cultivated crops (78%),
followed by Cassell Creek (HUC12 05120112601) at 74% and Sweetwater Creek (HUC12 05120112603) at
64%. The City of Mattoon has 4,965 acres of its 6,598-acre municipal area within the watershed. The City
of Charleston covers a land area of 6,087 acres, of which 4,783 acres are in the watershed.

DEMOGRAPHICS & ECONOMY

Mattoon is the second largest population center in the watershed after Charleston, however, Mattoon has
a larger land area within the watershed. According to the US Census Bureau, Matton’s 2022 population
was 16,666, a decline of 10.2% since 2010 and 1.3% since 2020. The City of Charleston is also in the
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watershed with a 2022 population of 17,119, which has declined 21.6% since 2010 according to the US
Census Bureau.

Mattoon falls within an Environmental Justice area designated by a low-income population and has a
poverty rate of 22.46%. Median household income (2018 — 2022) is $45,953 compared to $72,563 for
lllinois and the national average of $69,021.

WATER QUALITY IMPAIRMENTS

There are no current impairments on the 2020/2022 303(d) list for streams in the Kickapoo Creek
watershed. Historic impairments from 2009, 2014, 2016, and 2018 include Aquatic Life Use listings with
DO, pH and TP causes (Table 11).

Table 11 - Kickapoo Creek Watershed Historical Impairments

Receiving HUC12 Watershed lllinois Ass.essment 303(d) Impairments Causes Related.to P&
Stream Unit Years on List
Cassell Creek 051201120603 IL_BENC-01 Fully Supports N/A
Designated Uses
: - DO: 2018, 16, ‘14
Riley Creek 051201120802 IL_BENA-01 Aquatic Life oH:2008
Kickapoo Creek | 051201120802 | IL_BEN-01, IL BEN-02 Aquatic Life Ph°Sph§(;g‘; (total):

RELATIONSHIP TO OTHER PLANS & WATERSHED EFFORTS

Two recent plans and studies are relevant to the Mattoon NARP, (i) the 2022 Embarras River WMP, and (ii)
The
Embarras WMP was developed with financial assistance from the lllinois EPA Section 319 program in

the Kickapoo Creek/Riley Creek Total Maximum Daily Load (TMDL), currently in development.

partnership with the Coles County Soil and Water Conservation District (SWCD), lllinois Extension and the
[llinois Farm Bureau. Primary concerns addressed by the plan include erosion, sedimentation, water
quality, and a lack of education.

The TMDL was triggered by the 2018 DO impairment on Riley Creek. Stage 1 (watershed characterization,
data analysis, and methodology section) has been completed and Stage 3 (Model calibration, TMDL
scenarios, and implementation plan) is underway with a draft expected by the lllinois EPA in January of
2024.

EMBARRAS RIVER WATERSHED MANAGEMENT PLAN

The 2022 Embarras River WMP represents an update to the 2011 plan and encompasses an area of
approximately 2,435 mi2. The Embarras River is considered a priority for phosphorus reduction as noted in
the Illinois Nutrient Loss Reduction Strategy (INLRS). This was the primary driver of the plan and the focus
of recommendations. Mattoon contributed by providing input to the Planning Committee. Implementation
of the plan is already underway to reduce nutrient and sediment loading. In Coles County, the SWCD
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intends to partner with the Illinois Farm Bureau and others to secure grant funding to implement practices
in Polecat Creek, a priority HUC12 subwatershed east of Charleston.

KICKAPOO CREEK TMDL

ATMDL, is a calculation of the maximum amount of a pollutant that a water body can receive and still meet
water quality standards and are a requirement of Section 303(d) of the CWA. lllinois EPA is leading efforts
now to assess and address water quality impairments with one underway to tackle DO on the Riley Creek
segment BENA-01. The TMDL covers the entire Kickapoo Creek HUC10. As previously described, a TMDL
consists of 2 primary stages. Stage 1 is complete and provides a detailed watershed characterization and
an analysis of water quality data relevant to the impairment being addressed. Refer to this report for more
information on the HUC10.

Of relevance is Section 5 discussing potential pollution sources. Both septic systems and NPS pollution from
agricultural sources are listed. Next steps in the TMDL process are to complete modeling and estimate the
needed reductions to achieve the DO standard. An implementation plan will include broad
recommendations to reduce NPS source pollution similar to those that found in the Embarras River WMP.

POINT & NONPOINT SOURCE LOADING

Point source pollution is defined by the United States EPA as “any single identifiable source of pollution
from which pollutants are discharged, such as a pipe, ditch, ship or factory smokestack” (Hill, 1997). The
NPDES, a provision of the Clean Water Act, prohibits point source discharge of pollutants into waters of
the U.S. unless a permit is issued by the USEPA or a state or tribal government. Individual permits are
specific to individual facilities (e.g., water or wastewater treatment facilities), and general permits are for
a group of facilities in a geographical area. Permits describe the allowed discharge of pollutant
concentrations (mg/L) and loads (lbs/day). The Mattoon WWTP currently does not have an effluent
phosphorus permit limit.

Nonpoint source pollution generally results from land runoff, precipitation, atmospheric deposition,
drainage, seepage or hydrologic modification. The term "nonpoint source" is defined to mean any source
of water pollution that does not meet the legal definition of "point source." Unlike pollution from point
sources like industrial and sewage treatment plants, NPS pollution comes from many diffuse sources and
is caused by rainfall or snowmelt moving over and through the ground. The runoff picks up and carries
away natural and human-made pollutants, finally depositing them into lakes, rivers, wetlands, coastal
waters and ground waters (USEPA, 2018).

Point source loading of phosphorus from the Mattoon and Charleston WWTPs is provided in Table 12.
Average annual loading from 2017 through 2022 is 36,208 lbs for Mattoon and 16,083 Ibs for Charleston.
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Table 12 - Annual Phosphorus Load from WWTPs in Ibs - (Data Source: lllinois EPA and USEPA ECHO)

WWTP 2017 2018 2019 2020 2021 2022 Average Annual
Mattoon 45,046 35,650 42,640 33,809 32,979 27,124 36,208 lbs
Charleston 14,798 14,895 14,989 16,617 19,505 15,699 16,083 Ibs

Based on the 2022 Embarras River WMP, the average annual NPS phosphorus load for the watershed is
65,390 Ibs/yr. The total average annual phosphorus loading is therefore estimated at 117,638 lbs, with the
Mattoon WWTP accounting for 30.8%. Nonpoint sources are responsible for ~56% of average annual
phosphorus loads in the watershed and are a larger contributor than both Charleston and Mattoon WWTPs
combined (Figure 11).

Current Proportion of Phosphorus Loading to Kickapoo
Creek Watershed by Source

Mattoon WWTP
1%

Monpoint Source
55%

Charleston WWTP
14%

M Charleston WWTP

H Nonpoint Source H Mattoon WWTP

Figure 11 — Proportion of Annual Total Phosphorus Load to Kickapoo Creek Watershed by Source

4.2 NARP STRATEGY

Mattoon’s plan is to focus on the BEN-01 segment of Kickapoo Creek and its watershed described in Section
4.1. The segment is downstream from the confluence with Riley Creek and exhibited DO + pH
eutrophication risk based on lllinois EPA criteria in 2011, 2016 and more recently in 2022/2023. The
monitoring program in 2022/2023 demonstrated that DO + pH eutrophication risk criteria are met at
locations throughout the watershed, even at locations upstream and outside the influence of WWTP
effluent.

The Mattoon WWTP contributes approximately 30.8% of the average annual phosphorus loading to the
Kickapoo Creek watershed. Nonpoint sources are estimated to contribute almost 2X the load of the

Mattoon WWTP and are a larger contributor to the water quality issues and eutrophication risk conditions
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(Figure 11). The availability of phosphorus in the stream systems is systemic due to the agricultural and
urban (wastewater) land uses that dominate the watershed. Based on the monitoring program, DO + pH
eutrophication risk conditions are greater where riparian and canopy cover conditions are poor, which are
typically areas under agricultural production. The DO + pH eutrophication risk occurrences that were
documented consistently do not correlate with phosphorus concentrations measured in the waters, and
as previously mentioned, the eutrophication risks occur both upstream and downstream of wastewater
influences.

The City of Mattoon recognizes their contribution of phosphorus to the watershed and how this input is a
part of complex and dynamic processes that may affect the frequency and/or duration of eutrophication
risks under certain conditions. The city does not have jurisdiction over land management practices outside
of municipal boundaries where a majority of the nutrients originate.

In this context, the City of Mattoon’s NARP is focused on improving water quality in the watershed in three
ways:

1. WWTP Plant Upgrades — Mattoon is pursuing treatment plant upgrades aimed to reduce phosphorus
effluent to 0.5 mg/L (avg. annual geometric mean).

a. Mattoon’s contribution of phosphorus will be reduced by at least 75% with these upgrades.
The annual loading will be reduced to the range of 8,500 — 8,700 Ibs/year from over 36,000
Ibs/year.

b. This will result in Mattoon’s portion of annual watershed phosphorus loading being reduced
from 31% to 11% (accounting for plant upgrades at Charleston). Figure 12 illustrates the
proportion of phosphorus loading after planned treatment upgrades.

¢. The plant upgrades and phosphorus load reductions will have a positive effect on water quality
and eutrophication risk conditions.

2. Collaborate - on and continue to support current and future watershed planning and TMDL efforts that
address NPS pollution loading. Mattoon has supported current and past watershed planning.

a. Evaluate developing an internal means to track involvement and investments in a measurable
way to report on progress and improvements.

3. Local Watershed Group — no group currently exists for Kickapoo Creek. Mattoon would consider
participating in a watershed group if one were to be established, recognizing that this would need to
involve the agricultural community, the Coles County SWCD and the City of Charleston.

4. Source Water Protection — Mattoon will continue to invest in water quality improvements, planning
and compliance related to our two water supply lakes and their watersheds (Lake Paradise and Lake
Mattoon). Improving the source water will help mitigate treatment costs and may also translate into
effluent improvements.
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Annual Total Phosphorus Loading
Before and After Plant Upgrades
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Figure 12 — Phosphorus Loads from Point and NPS Before and After Treatment Plant Upgrades

Appendix C provides the treatment plant upgrade plans. The plans include upgrades to achieve Biological
Nutrient Removal (BNR) and meet a new phosphorus limit of 0.5 mg/L. It is estimated that the new system
will achieve a 76% reduction in phosphorus loading. The City of Mattoon is committed to removing
nutrients from the discharge to the watershed. Plant upgrades will also include improvements to solids
handling, the aeration system, the grit system and CSO treatment. These plant upgrades and corresponding
point source reductions will have a positive effect on water quality and reduce risk of eutrophication
conditions.

Significant efforts and investments to reduce NPS and point source phosphorus loading in the watershed
are underway or in planning including: (i) the 2022 Embarras River WMP, (ii) Kickapoo Creek TMDL, and
(iii) wastewater treatment plant upgrades. These combined efforts constitute an effective and impactful
nutrient assessment and reduction plan that will see immediate water quality improvements.

4.3 NARP WORK PLAN

The Work Plan includes a schedule and cost estimate for NARP activities moving forward. Mattoon,
alongside the City of Charleston, is committed to a series of key activities that will significantly reduce
phosphorus loading to Kickapoo Creek, the subject of a risk of eutrophication designation that triggered
the NARP. Furthermore, Mattoon will work with area stakeholders to further limit NPS loading through
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collaborative efforts outside of their jurisdiction. Actions include plant upgrades, potential involvement in
a watershed group and partnerships to help secure outside funding for NPS reductions.

ACTIONS & SCHEDULE

A schedule of activities is presented in Table 13. Planning for plant upgrades are already underway, with a
facility plan completed in 2021. If sufficient need warrants the establishment of a watershed group for
Kickapoo Creek, Mattoon will consider supporting the Coles County SWCD in its establishment and
participate. A fragmented but established watershed group currently exists for the Embarras River and
supported the development of the 2022 WMP. Mattoon will also consider seeking partnerships with others
to secure outside grant funding for NPS reduction projects recommended in the WMP and Kickapoo Creek
TMDL. One example is through the lllinois EPA Section 319 program.

Table 13 - NARP Actions and Schedule

. Anticipated Anticipated
NARP Action Start Date End Date Notes
Planni Upgrades will achieve compliance with 0.5 mg/L effluent
annin
Plant upgrades q 8 2034 concentration limit and will achieve a ~76% reduction in
underwa
y TP loading before the 2035 permit deadline.
Mattoon will consider participation in a Kickapoo Creek
stakeholder group if outside interest and a need dictates
Watershed Group TBD TBD . . .
its formation. Mattoon will support the Coles County
SWCD as a coordinating entity.
. Mattoon will look for opportunities to partner with other
NPS Reduction . . . .
Grant TBD TBD entities to implement NPS recommendations in the
rants
Embarras River WMP and Kickapoo Creek TMDL.
BUDGET & COST ESTIMATES

The full suite of Mattoon WWTP capital improvements and plant upgrades is estimated at over
$39,000,000. Participation in a watershed group is estimated at $5,000 per year including some limited
financial support to the Coles County SWCD. The cost of NPS measures is currently unknown.
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1 Introduction
1.1 NARP Process & Requirements

In 2018, the Illinois EPA (IEPA) instituted a new process for permitting of Publicly Owned Treatment
Works (POTW) discharges that would allow for consideration of site-specific conditions for phosphorus
limits. The Nutrient Assessment Reduction Plan (NARP) process resulted from negotiations with
environmental organizations, IEPA, and the Illinois Association of Wastewater Agencies. A NARP
Special Permit Condition is required if a receiving stream segment or downstream segment is on the
Illinois Clean Water Act 303(d) list as impaired with phosphorus-related causes. A NARP is also required
if there is a “risk of eutrophication” as defined by meeting any of the conditions outlined in Table 1.

Table 1. IEPA Risk of Eutrophication Criteria

Risk of eutrophication if any of these conditions met

Median sestonic On any tw_o da_zys during
pH IEPA monitoring week,
chlorophyll a .

daily max
>9 >26 u/l pH>8.35 and DO sat >110%

The City of Charleston and the City of Mattoon each operate one treatment plant that is required to
undertake the NARP process as part of their National Pollution Discharge Elimination System (NPDES)
permit. However, in this process, it may be determined through collection and assessment of relevant data
that the watershed does not have a phosphorus-related impairment or risk of eutrophication. In this case,
phosphorus input reductions and other measures may not be necessary. Northwater Consulting was
retained by Charleston and Mattoon to assess if a NARP is required for their facilities, and if so, develop
a strategy for development of a full NARP. This process has several components which include:
e Examining if there is sufficient water quality data to determine if NARP requirements apply.
o If data insufficient, create a water quality monitoring plan and collect data.
e Undertake watershed characterization and determine if additional NARP components are
required.
e If afull NARP is required:
0 Engage stakeholders throughout the process.
0 Model watershed and instream processes.
o0 Establish defensible site-specific water quality criteria.
o0 Define scenarios and strategies to achieve water quality targets.
0 Implement the recommendations of the NARP.

1.2 Data for NARP Determination
To make a determination, sufficient dissolved oxygen (DO), pH and sestonic chlorophyll a data must be
available between May 1 and October 31 to assess if any of the eutrophication risk criteria are met. Based

2
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on mining and analysis of existing datasets for the outfall and associated stream segments, it was
determined that additional water quality data collection is necessary to evaluate impairments and
eutrophication risks according to NARP criteria.

This plan outlines the recommended monitoring and data collection actions necessary to assess
requirements for the treatment plants. The data will also support focused recommendations and a strategy
to develop additional NARP components for each, if required. The plan is intended to guide cities of
Charleston and Mattoon through the data collection and assessment phase. More detailed results of the
process and plan are presented herein.

2 Data Mining Results

The receiving streams were cross referenced with the 2016, 2018 and 2020/2022 IEPA Clean Water Act
Section 303(d) list! of impaired waters. Details of phosphorus-related impairments are summarized for
the treatment plants. The only stream segment recently impaired is Riley Creek, which is downstream of
Cassell Creek, the receiving waterbody for the Charleston treatment plant effluent. Riley has been on the
303(d) list in 2008, and 2014-2018. However, IEPA determined the DO impairment on Riley Creek
Segment IL_BENA-01 is not due to excess algal growth?. Cassell flows to Riley and Riley is tributary to
Kickapoo Creek (Figure 1 and Figure 3). Kickapoo Creek, the receiving stream for Mattoon’s effluent has
not been listed since 2006 (fish kill) and 2008 (unknown cause). However, Kickapoo segment BEN-01,
downstream of the confluence of Riley and Kickapoo qualified Charleston and Mattoon for a NARP
special permit condition, as 2011 IEPA data showed 6 days monitored with pH > 8.35 and DO saturation
>110%.

Table 2. Receiving Stream and Tributary Segment Summary

Mattoon and Charleston Receiving Stream Segments

. HUC12 Illinois 303(d) Causes Related to P &

Receiving Stream . . .
Watershed Assessment Unit Impairments Years on List
Cassell Creek 051201120603 IL_BENC-01 Fully Supports N/A
Designated Uses
. - DO: 2018, '16, ‘14
Riley Creek 051201120802 IL_BENA-01 Aquatic Life 0H:2008
Kickapoo Creek 051201120802 IL_BEN-01, IL BEN-02 Aquatic Life Phosphorus (total): 2008
Receiving Major Watershed POTW Design Average Flow POTW Design Maximum Flow
Embarras River Charleston - 3.3 MGD / Mattoon 5.3 MGD | Charleston - 6.0 MGD / Mattoon 14.0 MGD

! https://www2.illinois.gov/epa/topics/water-quality/watershed-management/tmdls/Pages/303d-list.aspx
2 external.epa.illinois.gov/WebSiteApi/api/PublicNotices/GetDocument/10175
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A search was completed for existing water quality data collected since January 1, 2002 from the USEPA
Water Quality Portal® and Mattoon and Charleston provided effluent monitoring data. These data were
examined to understand if eutrophication risk determinations could be made using DO, pH, chlorophyll a
and water temperature. A summary of the data mining and analysis results for the receiving stream and
stations on relevant nearby segments is presented in Table 3. Figure 1 shows site locations.

Table 3. Receiving Stream and Tributary Water Quality Summary

Number of Begin

Site Analyte Mean | units | Measurements Date End Date
Chlorophyll a, corrected for

IL_EPA_WQX-BEN-01 e 2.24 ug/I 5 5/31/2016 8/2/2021

IL_EPA_WQX-BEN-01 Dissolved oxygen (DO) 7.40 mg/I 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BEN-01 pH 7.93 None 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BEN-01 Temperature, water 23.50 | degC 3 5/31/2016 | 8/29/2016
Chlorophyll a, corrected for

IL_EPA_WQX-BEN-02 pheophytin 414 ug/I 2 6/8/2021 8/2/2021
Chlorophyll a, corrected for

IL_EPA_WQX-BENA-01 pheophytin 2.80 ug/I 5 5/31/2016 8/4/2021

IL_EPA_WQX-BENA-01 Dissolved oxygen (DO) 7.40 mg/| 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BENA-01 pH 7.97 None 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BENA-01 Temperature, water 23.07 | degC 3 5/31/2016 | 8/29/2016
Chlorophyll a, corrected for

IL_EPA_WQX-BENA-03 pheophytin 4.38 ug/I 5 5/31/2016 8/2/2021

IL_EPA_WQX-BENA-03 Dissolved oxygen (DO) 7.73 mg/| 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BENA-03 pH 8.00 None 3 5/31/2016 | 8/29/2016

IL_EPA_WQX-BENA-03 Temperature, water 23.53 | degC 3 5/31/2016 | 8/29/2016
Chlorophyll a, corrected for

IL_EPA_WQX-BENC-01 pheophytin 3.70 ug/I 2 6/8/2021 8/2/2021

NARS_WQX-ILSS-1169 Dissolved oxygen (DO) 1.80 mg/| 1 9/30/2014 | 9/30/2014

NARS_WQX-ILSS-1169 pH 7.62 None 2 9/30/2014 | 9/30/2014

NARS_WQX-ILSS-1169 Temperature, water 15.10 | degC 1 9/30/2014 | 9/30/2014

Few usable monitoring sites sourced from publicly available data were found for the receiving streams,
Cassell Creek, upstream Kickapoo, and relevant downstream segments. An Illinois Freedom of
Information Act request to IEPA revealed additional continuous monitoring data from 2011 and 2016
indicating the Kickapoo Creek segment BEN-01 met the risk of eutrophication threshold based on %DO
+ pH from 6 of 7 days monitored in July 2011. No risk was identified from 15 days of continuous
monitoring in 2016 nor from 3 grab samples taken in 2011 and 3 in 2016. While this was sufficient to
trigger the NARP special condition, at no site was there enough to fully understand the risk of
eutrophication, nor make a defensible determination of the source of nutrients. Both receiving segments,
Cassell Creek (IL_BENC) and Kickapoo Creek Upstream (IL_BEN-02) had only a single site downstream

3 www.waterqualitydata.us
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of the outfall, and only chlorophyll a was collected. The limited data on the impaired segment of Riley
Creek (IL_BENA) exhibits appropriate DO, pH and generally low sestonic chlorophyll a. Other relevant
sites on the receiving segments, upstream tributaries and downstream show little variation in DO and pH
among sites.

Additional data collection and analysis will help to better assess the contributions of treatment plants to
the receiving streams and the downstream impaired segment and allow for an informed decision on the
necessity of undertaking a comprehensive NARP that includes watershed characterization, development
of site-specific water quality targets, and implementation. It should be noted that a Total Maximum Daily
Load (TMDL) is underway for the Kickapoo Creek watershed to address the low DO impairment for Riley
Creek. Stage 1 is complete, including a watershed characterization. Additional monitoring and modeling
comprise next steps in the process. In addition, a Watershed Management Plan is near completion for the
entire Embarras River watershed.

3 Monitoring Plan Overview

Considering the effort and investment necessary for NARP development, and the lack of data available to
make “at risk” determinations, stream monitoring is recommended. Water quality data will facilitate the
assessment of the risk of eutrophication and guide additional components if required.

The proposed in-stream water quality monitoring expands upon past data collection efforts. The program
will be organized by Northwater Consulting, in partnership with Charleston Public Works and the City of
Mattoon. To augment existing records, data collection is prioritized to locations with previous monitoring,
where possible. To maintain cost effectiveness, a combination of grab sampling and continuous
monitoring is proposed. The goal is to collect adequate data during the critical period between May and
October when NARP triggering conditions are most likely to occur and to provide information on the
contribution of each plant’s effluent to the risk of eutrophication on Kickapoo Creek. Monitoring will
determine initial impacts to water quality in the receiving streams, water quality in the NARP-triggering
segment of Kickapoo as well as contributions from major tributaries (Riley Creek before it combines with
Cassell Creek). This will guide future stages of the NARP such as additional watershed characterization,
assessing impairment causes/sources, and water quality model development. Further, the risk of
eutrophication can be evaluated.

Recommended monitoring elements include:

1. Three grab sample-only sites:
a. Cassell Creek: upstream of Charleston POTW outfall.
b. Kickapoo Creek: upstream of Mattoon POTW outfall.
c. Kickapoo Creek: downstream of Mattoon POTW outfall just before confluence with Riley
Creek.

City of Charleston and City of Mattoon NARP Monitoring Plan
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2. Four continuous sensor sites:
a. Riley Creek: upstream of confluence with Cassell Creek.
b. Riley Creek: on segment upstream of Kickapoo Creek.
c. Kickapoo Creek: downstream of Mattoon POTW outfall (middle Kickapoo site).
d. Kickapoo Creek combined: on downstream segment with risk of eutrophication.

3. Continuous sensor site parameters:
a. Hydrological: stream stage.
b. Water quality: pH, sestonic chlorophyll a, water temp, DO, conductivity.
4. At all sites:
a. Grab samples and storm monitoring.
b. Weekly at Cassell and Kickapoo upstream and downstream; biweekly at Riley upstream
and downstream and Kickapoo middle and combined.
I. Stream discharge/flow.
ii. In-situ analysis of pH, conductivity, oxidation reduction potential, temperature,
dissolved oxygen and turbidity.
iii. Grab samples for laboratory analysis of orthophosphate, total phosphorus,
chlorophyll a.

Recommended parameters capture data critical for making the NARP determination. While there are
myriad sampling methods that could be employed and characteristics available to measure, such as
periphyton (attached algae chlorophyll) and nitrogen, this sampling scheme is designed to adhere closely
to Illinois EPA guidance.

4 Stream Monitoring
4.1 General Schedule

Data collection will commence as soon as possible, on or around July 1, 2022 for Charleston and on or
around August 1, 2022 for Mattoon and will continue through October 31. The critical period of
monitoring is May 1-October 31, when water quality issues are most likely to occur. Because of the
truncated 2022 season, we propose to continue data collection starting May 1, 2023 through approximately
July 31, 2023 until a sufficient dataset is gathered.

4.2 Stations

Seven monitoring stations are proposed to capture receiving stream water quality before and after the
addition of treated effluent at each plant, and to determine potential tributary impacts and characterize the
segment that met IEPA’s risk of eutrophication criteria (Figure 3). Monitoring will provide sufficient data
for NARP determination and additional stages of the process, if necessary. The stations are located at
bridge crossings or preestablished access points. The upstream sites are close enough to the outfall to
capture as much of the watershed upstream as possible without the influence of effluent. The downstream

6
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sites are located at a distance to allow for sufficient mixing of effluent and streamflow and to evaluate the
immediate impacts of nutrients from the treatment plants before they combine. The Kickapoo “combined”
site will allow for characterization of the segment that triggered the NARP. Data collected using this
approach can then be used to develop a predictive model estimating nutrient sources (if required) and the
potential impacts to downstream water quality.
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Figure 2. Line Diagram of Monitoring Creeks and Monitoring Locations

Table 4 — Proposed Water Quality Monitoring Stations

Station ID and organization | Approximate
Station ID Name Lat/Long which previously collected distance Type of Sampling
data at this site from outfall

Cassell Creek 39.498636, Grab Only, Weekly

U-CWWP NA 0.625 mi

Upstream -88.205340 and Storm
Riley Creek 39.486860, . Continuous, Biweekly
RC-UC Upstream -88.210115 IEPA BENA-03 0.7'mi Grab and Storm
Riley Creek 39.476217, . Continuous, Biweekly
RC-DC Downstream -88.206194 IEPA BENA-01 15mi Grab and Storm

City of Charleston and City of Mattoon NARP Monitoring Plan
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Station ID and organization | Approximate
Station ID Name Lat/Long which previously collected distance Type of Sampling
data at this site from outfall
Kickapoo Creek | 39.4731612, . Grab Only, Weekly
U-Mwwp Upstream -88.3651197 NARS IL_s5-1169 0.25mi and Storm
Kickapoo Creek | 39.470013, . Continuous, Biweekly
KC-MD Middle -88.345709 NA Limi Grab and Storm
Kickapoo Creek | 39.465059, . Grab Only, Weekly
KC-DN Downstream -88.230240 IEPA BEN-02 75mi and Storm
Kickapoo Creek 39.46252, . Continuous, Biweekly
KC-CB Combined -88.19315 IEPA-BEN-01 10 mi Grab and Storm

Figure 3. Proposed Monitoring Sites

City of Charleston and City of Mattoon NARP Monitoring Plan
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4.2.1 City of Charleston Monitoring Location Information

Monitoring will begin in summer 2022. The Cassel Creek
upstream site captures a 17.8 mi? watershed and is
approximately 0.1 miles from the outfall with no
significant point or nonpoint sources between. The Riley
Creek upstream site is located just above its confluence
with Cassell Creek, which is approximately 0.6 miles from
the outfall. This site captures the influence of a major
upstream tributary with 39 mi? watershed that contributes
to the combined load downstream. Figure 3 illustrates the
orientation of sites. The downstream monitoring site on
Riley Creek is approximately 1.5 miles from the outfall, : s Gl
and 0.9 miles from where Cassell and Riley Creek Riley Creek Looking Downstream - RC-UC
combine. The Riley Creek downstream site is located on segment IL_BENA. This combination of sites
site represents the best chance of capturing the initial impact of the effluent on Riley Creek, while also
identifying the influence of upstream tributaries.

4.2.2 City of Mattoon Monitoring Location Information

Monitoring will begin in summer 2022. The Kickapoo Creek upstream
site is approximately 0.1 miles from the outfall with no significant
point or nonpoint sources between and captures a 5.8 mi2 watershed
with both urban and agricultural land cover. The Kickapoo middle site
is approximately 1.1 miles downstream from the Mattoon outfall and
represents the best chance to capture the initial impacts of treated
effluent on Kickapoo Creek. The downstream monitoring site on
Kickapoo Creek is approximately 7.5 miles from the outfall, and 1.3
miles above the confluence with Riley Creek. This location captures a
30.5 mi? watershed and the effects of nonpoint sources to Kickapoo
Creek before it combines with Riley.

Kickapoo Creek Looking Downstream — KC-MD
4.2.3 Kickapoo Creek “Combined” Monitoring Location Information

Monitoring of the Kickapoo Creek combined site will begin in summer 2022. This site is located
downstream of the confluence of Kickapoo and Riley Creek on stream segment BEN-01 which was
identified by IEPA as meeting the risk of eutrophication thresholds. Monitoring at this location, combined
with the others in this plan will allow for full evaluation of eutrophication risk. Further, the combination
of monitoring sites will characterize stream dynamics, and, if required will inform modeling in future
NARP phases including allocation of nutrient sources.

City of Charleston and City of Mattoon NARP Monitoring Plan
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4.3 Sampling and Analyses

Sampling will use industry standards and manufacturer protocols for calibration, maintenance, and data
collection, and will be documented.

4.3.1 Hydrology Data
Stream stage and discharge data will be collected at each site (Table 5). If a sufficient range of flows is
captured, a rating curve can support estimates of stream loading which will inform watershed

characterization and further NARP development, if necessary.

Table 5. Hydrology Parameters

Parameter Collection Type Frequency Instrument/Method
Streamn Stage Continuous Probe, Continuous, Vented Pressure Transducer,
& Staff Gauge Discreet Graduated Staff Gauge
Bi-weekly, with - .
Discharge Manual additional storm Digital Electromagnetic Flow

Meter + wading staff or ADCP
samples

4.3.2 Water Quality Data

Multiparameter sondes with integrated sensor wipers to reduce biofouling will be installed at each
continuous monitoring site and will collect data on a 15-minute interval (Table 6). Sondes will be left in
place for multi-week deployments and serviced and/or calibrated bi-weekly using manufacturer protocols
unless conditions allow for a longer period between service, though no less frequently than every 30 days.
Multiparameter sondes manufactured by In-Situ Instruments will be deployed. Grab samples and in-situ
water quality measurements will be collected to augment sonde data, support quality assurance and
provide additional parameters useful for the NARP assessment.

Grab samples will be collected on a bi-weekly frequency at continuous monitoring sites, and weekly at
grab sample only sites. 40 CFR Part 136 procedures will be followed and will include using laboratory-
provided bottles, adherence to recommended sample preservation, holding times, and conditions for
samples. Grab samples will be analyzed in-house at the City of Charleston and City of Mattoon plant
laboratories respectively, with chlorophyll a being outsourced to an accredited environmental laboratory.

10
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Table 6. Water Quality Parameters
Collection o
Parameter Type Frequency Method Method Identifier
Continuous Continuous Optical InSitu: EPA approved method
. Probe P YSI: ASTM D888-09
Dissolved Oxygen Handheld
Bi-weekly, Storm Optical ASTM D888-09
Meter
Continuous Continuous Potentiometric EPA 150.2
oH Probe
Handheld Bi-weekly, Storm Potentiometric EPA 150.2
Meter
Continuous Continuous Thermistor EPA170.1
Water Probe
T t
emperature Handheld Bi-weekly, Storm Thermistor EPA 170.1
Meter
Continuous . In-situ Optical Instrument Manufacturer
Continuous .
Probe Fluorescence Optical Method
Chlorophyll-a 0
. a
Grab Bi-weekly, Storm Spectrophotometric EPA 445.0
Total Phosphorus Grab Bi-weekly, Storm Colorimetry EPA 365.1 / EPA 365.3
Orthophosphate Grab Bi-weekly, Storm Colorimetry EPA 365.1 / EPA 365.3
Continuous Continuous Resistor Network EPA 120.1
Conductivity Probe
Handheld Probe Bi-weekly, Storm Resistor Network EPA 120.1

5 Data Management & Quality Control

Data will be downloaded from each logger at each site visit and will be maintained in a relational Microsoft
Access database or Microsoft Excel spreadsheet. Continuous data will be corrected for drift using the
statistical software R, package driftR* using a standard procedure based on instrument calibration. A full
quality assurance and quality control procedure document will be included in a final monitoring report
and implemented.

4 https://rdocumentation.org/packages/driftR/versions/1.1.0
11
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Appendix B Data Table 1 - UMWWP Grab Sample Data

Date Time

uTC
8/4/22 20:00
8/10/22 17:45
8/17/22 17:25
8/17/22 22:09
8/24/22 17:27
8/31/22 17:30
8/31/22 22:00
9/8/2217:45
9/13/22 17:23
9/15/22 19:46

9/20/22 17:36
9/27/22 17:39
10/4/22 17:40
10/11/22 17:40
10/18/22 17:45
10/25/22 17:30
11/3/22 19:32
5/1/23 15:25
5/9/23 17:27
5/15/23 16:29
5/16/23 15:45
5/23/23 16:00
5/30/23 17:35
5/31/23 15:30
6/6/23 15:50
6/12/23 13:15
6/13/23 16:00
6/20/23 16:10
6/26/23 13:15
6/27/23 15:35
7/5/23 15:55
7/11/23 16:38
7/14/23 14:28
7/18/23 15:10
7/25/23 15:35
7/31/23 13:18
8/1/23 15:10
8/8/23 15:00
8/15/23 14:50
8/22/23 15:30
8/29/23 15:14
9/1/23 23:06
9/5/23 15:00
9/12/23 14:55

Site

UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP

UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP

DO Sat

97.1
114.3
93
98.4
80
75.5
88
66.3
67.1

90.7
67.3
58.8
112.6
105.4
138.1
91.3
78.3
120.3
103.9
86
85.1
102.4
105.9
73.6
85.1
52.7
93
106.2
22.5
56.6
81.4
102.3
48.2
2.9
50.8
23.8
3.7
49.3
38.5
22.1
7.4
91.3
29.1
24.7

Temp

(o]

243
23.7
22.6

28
23.4
22.8
26.4
23.6
20.6

24
25.2
15.5
16.8
14.5

8.5
16.9
15.38
9.9
18.7
16.3
15.4
19.9
24.7
22.8
21.4
15.9
19.9
24.7
20.4
23.7
24.7
24.7
22,5
233
25.2
21.9
22.4
21.9
20.2
26.5
20.7
23.4
23.6
19.7

Flow

CFS
8.16

0.1

0.92

0.63

0.15

0.16

0.03

0.05

Turbidity

RFU

9.03

124

10.1

10.32
4.67

25.5

8.96

8.16

10.41

33.8

14.64

Stage

+

0.7

1.65

0.5

1.4

0.5

0.86

0.48

0.57

0.62

0.86

0.82

0.62

0.68

0.48

0.54

0.44

DO Conc.

mg/L
8.09
9.73
8.01
7.71
6.92
6.5
7.27
5.78
6.06

7.66
5.18
5.88

10.97

10.95

16.37
8.96
7.73

13.56
9.67
8.45
8.53
9.37
8.94
6.32
7.58
5.23
8.86
8.78
2.04
5.39
6.74
8.51
417
0.26
4.46
1.56
0.34
4.33
3.62
1.85
4.25
7.54
2.53
2.32

NH3-N

mg/L

0.172

0.234
0.207
0.186

0.153

0.174
0.199

0.549
0.139
0.125

0.334
0.67

0.797
0.607
0.506
1.34
1.45

2.1
2.82

NO3-N

mg/L

7.51

3.72
3.97
3.85

3.21

3.76
1.16

0.6
3.49
2.62

1.13
2.02

0.376
0.608

1.07
0.166
0.872

2.04
0.433

TN

mg/L

8.04

4.69
4.72
4.11

3.27

3.97
2.03

1.83
4.34
341

1.87
1.2

2.07
1.94
3.66
2.68
241

5.04
4.15

OrthoP as P

mg/L
5
0.05
0.029

0.094
0.089

0.087
0.099

0.103
0.052
0.059
0.117
0.025
0.074

0.206

0.246
2.06
0.255

0.228

0.125
0.098

0.313
0.275
0.211

0.116
0.261

0.663
0.791
0.186
1.42
1.06

0.695
2.24

TP

mg/L
5.00
0.05
0.05

2.57
0.10

0.11
0.09

0.12
0.07
0.08
0.30
0.05
0.12

0.26

0.27
2.79
0.29

0.16

0.22
0.12

0.32
0.34
0.27

0.24
2.29

0.55
1.09
0.28
1.58
1.23

0.75
2.54

Redox

143

161

183

170

118
285

280

254

158

228

-24

-13

ChlA

ug/L

0.5

4.1

3.5

6.8

26

9.8

3.8

14

5.6

30

Sp. Cond.

uS/cm
463

781

502

428

474

569

440

402

696

608

485

pH

SuU
7.12
8.11
8.19
7.45
8.07
8.05
7.57
7.91
7.98

7.78
7.84
8.16
8.20
8.09
8.23
8.07
7.18
8.23
8.21
7.85
8.05
8.26
8.22
7.82
7.62
7.80
8.28
8.14
7.54
7.93
8.12
8.06
7.66
8.14
7.96
7.49
7.94
7.81
7.83
7.84
7.84
7.68
7.77
7.84



Date Time

uTC
9/13/23 14:30

9/19/23 14:15
9/25/23 14:52
9/26/23 14:40
10/3/23 15:20
10/10/23 15:00
10/10/23 18:09
10/17/23 15:20
10/24/23 15:00
10/31/23 15:00
11/1/23 19:17

Site

UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP
UMWWP

DO Sat

Temp

(g}

15.7
15.1
17.1
18.7
19
10.6
15.5
14
133
7.2
8.9

Flow

CFs
0.05

0.05

0.13

0.12

Turbidity

RFU

22

7.02

17.47

Stage

+

0.46

0.45

0.48

0.62

DO Conc.

mg/L

1.12
1.85
2.67
4.33
4.28
8.63
6.5
6.68
8.58
11.63

NH3-N

mg/L

2.84

0.536
2.64
2.36

221
0.829
0.147

NO3-N

mg/L

0.57

0.59
0.688
0.74

1.43
1.06
1.42

TN

mg/L

5.5

1.18
3.67
3.89

3.48
2.69
2.54

OrthoP as P

mg/L

1.85

0.537
0.482
0.743

1.28
0.102
0.487

TP

mg/L

0.49
0.92

1.41
0.16
0.61

23

158

90

ChlA

mue/L

1.8

11

Sp. Cond.

uS/cm
600

528

783

557

pH

SuU
7.16
7.66
7.11
7.71
7.73
7.65
7.63
7.83
7.72
7.98
7.74



Appendix B Data Table 2 - KCMD Grab Sample Data

Date Time

uTC

8/4/22 19:38
8/10/22 17:56
8/17/22 17:38
8/17/22 21:40
8/24/22 17:38
8/31/22 17:45
8/31/22 21:45
9/8/22 17:53
9/13/22 17:35
9/15/22 19:29
9/20/22 17:50
9/27/22 17:50
10/4/22 17:55
10/11/22 17:53
10/18/22 17:52
10/25/22 17:40
11/3/22 19:14
5/1/23 15:52
5/9/23 17:41
5/15/23 17:46
5/16/23 16:00
5/23/23 16:10
5/30/23 17:46
5/31/23 16:25
6/6/23 16:00
6/12/23 13:48
6/13/23 16:10
6/20/23 16:20
6/26/23 13:45
6/27/23 15:45
7/5/23 16:05
7/11/23 16:51
7/14/23 15:00
7/18/23 15:18
7/25/23 15:45
7/31/23 14:02
8/1/23 15:20
8/8/23 15:21
8/15/23 15:00
8/22/23 15:40
8/29/23 15:22
8/29/23 15:40
9/2/23 22:30

Site

KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD

DO Sat

83.5
84.4
63.4
50.1
69.5
82.3
72.1
81.7
77.9
93.6
70.1
64.7
98.1
99.8
110.9
71.2
47.4
79.9
70.3
76.7
72.8
64.9
55.1
53.3
58.3
56.8
75
55.1
37
51.2
71.5
62
54.4
58.7
60.9
64.5
57.6
68.8
61.3
57.4

57.4
76.6

Temp

(o]

23
22.7

23
23.7
22,5
22.1
22.4
23.4
21.4

23
23.9
18.5
17.8
18.2
13.8
17.8
17.9
10.4
16.8
16.6
16.2
17.7
19.8
20.3
18.7
17.1
18.9
20.4
20.9
21.1
23.7
22.3
22.7
22.2

23
22.5
22.1
22.4
21.8
24.6

24.6
233

Flow

CFS
16.58

4.05

8.78

242

3.63

6.47

2.98

1.69

3.99

Turbidity

RFU
134

4.07

8.24

8.8

2.29
1.48

4.11

2.06

3.99

4.97

3.38

4.63

2.88

Stage

0.87

1.16

11
11
0.8

11

0.84
0.89
0.86

13
0.98

0.8
0.4
0.8
0.8
1.11
1.35
0.8
0.9

0.9

0.75

0.98

DO Conc.

mg/L
7.16
7.31
5.47
4.22
6.2
7.17
6.27
6.94
6.88
8.05
5.95
6.05
9.33
9.49
11.42
6.87
4.46
8.92
6.85
7.53
7.16
6.15
5.03
4.72
5.51
5.44
7.2
4.99
3.29
4.68
6.56
5.45
4.72
5.14
5.4
5.7
5.11
5.96
5.4
4.8

4.8
6.42

NH3-N

mg/L

3.22

0.14
0.28
0.297

0.257

0.145
0.219

0.153
0.088
0.233

0.181
0.177

0.139
0.115
0.145
0.182
0.039

NO3-N

mg/L

5.2

8.55
10.8
12.9

17.3

10.3
21.4

15.2
5.68
8.09

14.7
17.6

17.8
9.59
9.79
6.74
10.3

TN

mg/L

10.2

9.02
16.4
15.7

19.4

10.5
22.7

22.4
7.28
9.35

15.5
18

20.4
11.4
11.8
22.4
10.5

OrthoP as P

mg/L
1.63
0.70
1.64

0.05
0.64

1.33
0.97

1.65
2.77
3.21
2.75
2.05
4.02

1.47
2.22
5.49

2.89

1.71
3.99

3.75
1.00
1.16

2.59
1.21

3.47
2.62
2.04
3.92
1.98

TP

mg/L
1.69
0.92
1.75

2.61
0.72

1.42
1.06

1.54
2.79
3.22
3.95
3.13
4.07

1.29

1.42
4.68
5.58

3.52

1.77
3.94

3.52
1.16
1.17

2.67
3.82

3.48
2.45
2.02
3.97
2.09

Redox

mV
148.3

186.5

180

175.5

122.6
266.2

215.4

228.5

141.5

215.5

88.9

25.7

124.6

ChlA

mue/L

1.7

4.5

9.6

4.7

4.1

1.9

5.4

Sp. Cond.

us/cm
452

808

486

543

452
524

452

569

403

549

707

602

492

pH

su
7.08
7.67
7.74
7.74
7.76
7.93
7.62
7.75
7.88
7.97
7.68
7.93
7.87
7.69
7.79
7.68

7.2
7.89
7.87
7.63
7.75
7.84

7.7
7.44
7.69
7.57
7.73
7.67

7.4
7.62
7.91
7.85
7.51
7.87
7.87
7.42
7.82
7.77
7.84
7.72

7.72
7.47



Date Time

UTC

9/5/23 15:10
9/12/23 15:05
9/13/23 14:52
9/19/23 14:25
9/25/23 15:09
9/26/23 14:50
10/3/23 15:30
10/10/23 15:11
10/10/23 17:30
10/17/23 15:30
10/24/23 15:10
10/31/23 15:10
11/1/23 19:58

Site

KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD

DO Sat

X

57.6
62.6
77.7
59.1
68.7

63
53.8
64.8
79.6
66.5
60.7
71.2
83.7

Temp

23.2
20.8
18.8
183
19.9
21.1
20.4

15
15.9
15.2
16.1
12.6
12.7

Flow

CFS

2.02

4.49

Turbidity

X
-
c

0.42

0.65

0.45

0.41

Stage

0.69

0.97

DO Conc.

mg/L

5.63

7.1
5.77
6.12

6.8
4.86
7.18
7.64

6.7
5.88
7.46
8.77

NH3-N

mg/L
0.131
0.099

0.137

0.789
0.128
0.11

0.107
0.145
0.06

NO3-N

mg/L
18.8
21.4

31.2

22.8
14.4
20.1

143
19.6
7.66

TN

mg/L
12.6
255

30.5

3.77
22.7
20.9

21.7
20
8.23

OrthoP as P

mg/L
1.94
7.01

6.08

3.52
5.16
2.92

2.55
3.75
0.83

TP

mg/L
2.39
7.17

5.05
3.06

2.53
3.64
0.92

Redox

mV

107.2

84.6

172.9

129.8

ChlA

He/L

9.9

11

Sp. Cond.

us/cm

554

504

801

512

pH

SuU
7.75
7.65
7.04
7.55
7.03
7.57
7.49
7.65
7.44
7.75
7.81
7.84
7.52



Appendix B Data Table 3 - KCMD Grab Sample Data

o - a

£ o 5 o : £ g £ z z 3 5 < H
2 = 8§ f# 2 § & ¢ 2 8B F : P g5 7 0B
uTC % C CFS RFU ft mg/L mg/L mg/L mg/L mg/L mg/L mV pug/L  uS/em  SU
8/4/2219:38 KCMD 83.5 23 16.58 134 7.16 1.63 1.69 1483 452 7.08
8/10/22 17:56  KCMD 84.4 227 7.31 0.70 0.92 7.67
8/17/22 17:38 KCMD 63.4 23 5.47 1.64 1.75 7.74
8/17/22 21:40 KCMD 50.1 23.7 4.05 4.07 4.22 186.5 808 7.74
8/24/22 17:38 KCMD 69.5 225 0.87 6.2 0.05 2.61 7.76
8/31/22 17:45 KCMD 823 221 7.17 0.64 0.72 7.93
8/31/22 21:45 KCMD 72.1 224 8.24 1.16 6.27 180 486 7.62
9/8/2217:53 KCMD 81.7 234 6.94 1.33 1.42 7.75
9/13/22 17:35 KCMD 779 21.4 6.88 0.97 1.06 7.88
9/15/2219:29  KCMD 93.6 23 8.78 8.8 1.1 8.05 175.5 543  7.97
9/20/22 17:50 KCMD 70.1 239 1.1 5.95 1.65 1.54 1.7 7.68
9/27/2217:50 KCMD 64.7 185 0.8 6.05 2.77 2.79 7.93
10/4/22 17:55 KCMD 98.1 17.8 9.33 3.21 3.22 7.87
10/11/2217:53 KCMD 99.8 18.2 1.1 9.49 2.75 3.95 4.5 7.69
10/18/2217:52 KCMD 1109 13.8 11.42 2.05 3.13 7.79
10/25/2217:40 KCMD 71.2 178 0.84 6.87 4.02 4.07 1 7.68
11/3/22 19:14 KCMD 474 17.9 2.29 0.89 4.46 122.6 452 7.2
5/1/23 15:52 KCMD 799 104 242 148 0.86 8.92 266.2 524 7.89
5/9/2317:41 KCMD 703 16.8 13 6.85 3.22 5.2 10.2 1.15 1.29 9.6 7.87
5/15/23 17:46  KCMD 76.7 16.6 7.01 411 0.98 7.53 215.4 452  7.63
5/16/23 16:00 KCMD 72.8 16.2 1 7.16 0.14 8.55 9.02 1.47 1.42 7.75
5/23/2316:10 KCMD 649 17.7 0.8 6.15 0.28 10.8 16.4 2.22 4.68 4.7 7.84
5/30/23 17:46  KCMD 55.1 19.8 0.4 5.03 0.297 12.9 15.7 5.49 5.58 7.7
5/31/23 16:25 KCMD 53.3 203 3.63 2.06 0.8 4.72 228.5 569 7.44
6/6/23 16:00 KCMD 58.3 18.7 0.8 5.51 0.257 17.3 19.4 2.89 3.52 7.69
6/12/23 13:48 KCMD 56.8 17.1 6.47 399 111 5.44 141.5 403 7.57
6/13/23 16:10 KCMD 75 18.9 1.35 7.2 0.145 10.3 10.5 1.71 1.77 4.1 7.73
6/20/23 16:20 KCMD 55.1 20.4 0.8 499 0.219 214 22.7 3.99 3.94 7.67
6/26/23 13:45 KCMD 37 209 1.87 4.97 0.9 3.29 215.5 549 7.4
6/27/23 15:45 KCMD 51.2 211 4.68 0.153 15.2 22.4 3.75 3.52 2 7.62
7/5/23 16:05 KCMD 715 237 6.56 0.088 5.68 7.28 1.00 1.16 7.91
7/11/23 16:51  KCMD 62 223 5.45 0.233 8.09 9.35 1.16 1.17 1.9 7.85
7/14/23 15:00 KCMD 54.4 22.7 298 3.38 0.9 4.72 88.9 707 7.51
7/18/23 15:18 KCMD 58.7 222 5.14 0.181 14.7 15.5 2.59 2.67 7.87
7/25/23 15:45 KCMD 60.9 23 54 0.177 17.6 18 1.21 3.82 1 7.87
7/31/2314:02 KCMD 64.5 225 169 4.63 0.75 5.7 25.7 602 7.42
8/1/2315:20 KCMD 576 221 5.11 0.139 17.8 20.4 3.47 3.48 7.82
8/8/2315:21 KCMD 68.8 224 5.96 0.115 9.59 114 2.62 2.45 9 7.77
8/15/2315:00 KCMD 613 21.8 5.4 0.145 9.79 11.8 2.04 2.02 7.84
8/22/2315:40 KCMD 574 246 4.8 0.182 6.74 22.4 3.92 3.97 5.4 7.72

8/29/23 15:22  KCMD 0.039 10.3 10.5 1.98 2.09

8/29/23 15:40 KCMD 574 246 4.8 7.72
9/2/2322:30 KCMD 76.6 233 399 288 0.98 6.42 124.6 492 7.47

9/5/2315:10 KCMD 57.6 23.2 492 0.131 18.8 12.6 1.94 2.39 7.75



Date Time

uTC
9/12/23 15:05
9/13/23 14:52
9/19/23 14:25
9/25/23 15:09
9/26/23 14:50
10/3/23 15:30
10/10/23 15:11
10/10/23 17:30
10/17/23 15:30
10/24/23 15:10
10/31/23 15:10
11/1/23 19:58

Site

KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD
KCMD

DO Sat

62.6
77.7
59.1
68.7

63
53.8
64.8
79.6
66.5
60.7
71.2
83.7

Temp

20.8
18.8
183
19.9
21.1
20.4

15
15.9
15.2
16.1
12.6
12.7

Flow

CFS

1.05

1.35

2.02

4.49

Turbidity

X
-
c

0.42

0.65

0.45

0.41

Stage

=

0.69

0.97

DO Conc.

mg/L

7.1
5.77
6.12

6.8
4.86
7.18
7.64

6.7
5.88
7.46
8.77

NH3-N

mg/L
0.099

0.137

0.789
0.128
0.11

0.107
0.145
0.06

NO3-N

mg/L
214

22.8
14.4
20.1

143
19.6
7.66

TN

mg/L
255

30.5

3.77
22.7
20.9

21.7
20
8.23

OrthoP as P

mg/L
7.01

6.08

3.52
5.16
2.92

2.55
3.75
0.83

TP

mg/L
7.17

6.14

5.05

3.06

2.53

3.64
0.92

Redox

mV

107.2

84.6

172.9

129.8

ChlA

He/L
1

9.9

11

Sp. Cond.

us/cm

554

504

801

512

pH

SU
7.65
7.04
7.55
7.03
7.57
7.49
7.65
7.44
7.75
7.81
7.84
7.52



Appendix B Data Table 4 - KCDN Grab Sample Data

2 s . z o, i =z =z % x z
a - [a] o w

uTC % C CFS RFU ft mg/L mg/L mg/L mg/L mg/L mg/L mV pug/L pS/cm SU
8/4/2219:08 KCDN 85 242 53.86 684 7.21 133 146 149 345  7.41
8/9/22 18:08 KCDN  91.6 23.4 7.8 073 118 8.11
8/16/22 17:57 KCDN  126.6 25.1 10.48 0.48 1.10 8.52
8/17/22 21:06 KCDN 1247 251 435 3.96 10.28 182 644 8.10
8/23/2217:53 KCDN  115.6 24.3 1.2 9.68 139  1.89 8.36
8/30/22 14:04 KCDN 85 222 2.39 7.4 052  0.65 7.78
8/31/22 20:56 KCDN 904 23.4 13 156  7.72 184 465 7.60
9/6/22 17:57 KCDN 1102 22.9 9.47 0.89  0.90 8.41
9/13/22 18:36 KCDN  119.1 215 10.52 070 071 8.54
9/15/22 17:55 KCDN 1223 209 7.92 435 13 1093 179 562 8.00
9/20/2217:37 KCDN  113.3 249 9.39 128 217 0.5 8.41
9/27/22 17:05 KCDN  101.5 15.4 10.15 1.34 134 8.16
10/4/22 17:53 KCDN 104.6 14.6 10.67 1.85 1.84 8.05
10/11/22 17:29 KCDN 0.5
10/18/2217:36 kcDN 1038 76 12.4 2.08 2.04 7.91
10/25/2217:22 kcpN 716 163 7 115  1.24 3.8 7.87
11/3/22 18:54 KCODN  90.9 14.7 067 128 919 121 377 743
5/1/23 16:44 KCON 1323 114  7.02 042 132 1436 218 506 8.50
5/9/23 18:02 KCDN 964 19.3 1.9 89 169 483 796 1.66 1.80 9.6 8.40
5/15/2319:29 KCODN 121.2 189 1646 4.6 154 11.22 210 610 838
5/16/23 16:20 KCDN 91 17.3 1.4 876 0016 411 396 173 182 8.24
5/23/23 16:25 KCDN 1141  19.9 1.3 1037 0.024 465 431 231 226 1 8.65
5/30/23 18:02 KCDN  156.2 24.1 1 1321 0011 475 573 125 132 8.82
5/31/23 18:44 KCDN 160.8 26.7 4.04 271 132 12.83 124 591 876
6/6/23 16:15 KCDN  124.7 20.2 0.4 11.19 0003 617 442 164 083 8.67
6/12/23 14:53 KCON 776 171 1056 9.46 153  7.46 139 318 8.01
6/13/23 16:20 KCDN 107 189 1.4 992 0021 676 674 144 146 1.7 8.57
6/20/23 16:35 KCDN 1242 231 1.5 1064 0022 719 79 147 148 8.66
6/26/23 14:40 KCDN 675 235 22 155 124 574 191 631 7.98
6/27/23 16:00 KCDN  91.9 22.7 791 0023 109 124 250 234 1 8.38
7/5/23 16:25 KCDN  90.7 255 745 0022 416 607 077 0.86 8.43
7/11/2317:21 KCDN 9% 25.1 79 0042 429 496 224 230 1 8.25
7/14/23 15:50 KCDN 814 243 449 89 121 68 105 650 8.01
7/18/23 15:50 KCDN 885 23.7 7.51 8.45
7/18/23 15:41 KCDN 0.044 879 735 424 420
7/25/23 16:05 KCDN  90.6 25.3 7.64 0044 893 876 175 1.83 1.5 8.51
7/31/23 15:00 KCDN  91.8 23.6 203 7.04 09 779 98 624 7.94
8/1/23 15:40 KCDN 871 23 755 0007 114 134 231 253 8.39
8/8/23 15:37 KCDN 852 22 7.48 0058 119 107 250 2.64 1 8.18
8/15/23 15:15 KCDN 852 22 7.48 0062 752 102 190 2.18 8.18
8/22/23 16:00 KCDN 841 26.6 672 0.064 421 944 1.8 157 2.6 8.36
8/29/23 15:38 KCDN  79.8 214 708 0039 86 825 168 176 8.33
9/1/23 20:05 KCODN 1134 243 164 435 11 936 110 419 830

9/5/23 15:25 KCDN  75.6 24.1 6.4 0041 102 836 176 1.83 8.28



Date Time

uTC
9/12/23 15:20

9/13/23 15:35
9/19/23 14:40
9/25/23 15:40
9/26/23 15:05
10/3/23 15:45
10/10/23 15:27
10/10/23 17:04
10/17/23 15:45
10/24/23 15:25
10/31/23 15:25
11/1/23 20:18

Site

KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN
KCDN

DO Sat

83.2
96.6
83
89
79
75.6
84.6
99.7
89.8
87.5
89.7
104

Temp

19.7
17.7
15.9
18.5
19.5
19.2
10.7
11.3
11.3
12.3

6.7

7.7

Flow

CFS

0.86

0.92

1.26

3.59

Turbidity

=
m
c

2.51

2.25

0.37

1.77

Stage
DO Conc.

ft mg/L
7.62

1.08 9.05
8.27

1.06 8.19
7.3

6.97

9.28

1.8 10.66
9.8

9.38

111

1.28 12.33

NH3-N

mg/L
0.035

0.034

0.047
0.027
0.009

0.003
0.012
0.014

NO3-N

mg/L
7.46

11.4
4.72
10.2

8.04
12.6
5.85

TN

mg/L
14.8

18.3

2.77
8.77
8.55

7.13
13.7
6.25

OrthoP as P

mg/L
3.01

4.36

244
2.06
2.15

1.88
2.38
0.98

TP

mg/L
3.01

4.06

5.35
2.03
241

1.92
241
1.01

Redox

118

96

140

88

ChlA

ug/L
8.6

7.1

14

Sp. Cond.

us/cm

565

490

635

370

pH

SuU
8.31
7.80
8.19
7.58
7.93
7.96
8.09
7.95
8.21
8.03
8.14
8.15



Appendix B Data Table 5 - KCCB Grab Samples

Date Time

uTC

8/4/22 18:38

8/9/22 18:20

8/16/22 18:08
8/17/22 20:30
8/23/22 18:07
8/30/22 14:18
8/31/22 21:15
9/6/22 18:10

9/13/22 18:49
9/15/22 18:48
9/20/22 17:50
9/27/22 17:18
10/4/22 18:04
10/11/22 18:39
10/18/22 17:46
10/25/22 17:32
11/3/22 18:15
5/1/23 18:17

5/2/23 16:50

5/9/23 17:49

5/15/23 18:42
5/16/23 17:47
5/23/23 17:41
5/31/23 18:15
6/6/23 17:47

6/12/23 15:21
6/13/23 17:50
6/26/23 15:22
6/27/23 18:05
7/11/23 18:22
7/14/23 16:15
7/18/23 17:35
7/25/23 17:45
7/31/23 16:58
8/1/23 17:36

8/8/23 17:32

8/22/23 17:45
9/1/23 21:30

9/12/23 17:15
9/13/23 16:00
9/25/23 16:10
9/26/23 15:30
9/26/23 17:30
10/10/23 16:30
10/10/23 17:23
11/1/23 20:50

Site

KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB
KCCB

Temp

(o]

245

23
24.4
24.6
23.8
21.4
223
22.7
21.2
21.2
25.4
15.2
15.2

7.8
16.7
14.2
121
12.9
18.6
17.5
16.8
22.2
24.7
23.3
17.2
21.7
22.9
25.6
26.4
24.1
25.5
28.7
23.7

25
243
27.9
243
21.5
17.8
18.9

20.4
11.7
143

8.4

Flow

6.43

12.67

35.46

73.83

26.08

38.06

9.72

6.4

34

2.87

2.5

2.54

2.97

7.36

Turbidity

RFU
42.3

4.73

63.3

3.5

1.77
1.38

14.2

14.2

3.09

12

8.72

7.49

1.97
7.14

Stage

15

3.15
1.76
1.68
1.58

1.38

1.32
1.34
1.45
1.37

2.38
1.76
1.7
1.32
1.08
0.88
1.4
1.16
0.78
0.86
1.5
0.6
0.54

0.31

0.3
0.22
0.29
0.27

0.29

0.58

DO Conc.

mg/L
6.66
7.57
9.69
9.07
9.81
6.97
7.7
8.7
10.97
10.02
8.96
9.79
9.84

11.45
6.36
7.53

12.59

12.09
8.92
9.09
9.24
121

11.42
10.5
7.62
10.2
5.62

10.19
8.78
7.52

10.79
9.94

7.7
8.71
9.28
8.83
10.69
8.7
879
8.7

8.97
10.08
9.97
11.3

NH3-N

mg/L

0.002
0.478

0.058
0.01

0.029
0.034

0.035
0.042

0.032
0.056

0.064
0.061
0.066

0.057

0.05

0.021

NO3-N

mg/L

5.51
8.25

6.99
4.56

4.99
5.12
7.23
4.33
6.87
10.1

12.9
13.2

9.77

8.08

N

mg/L

6.44
10.9

8.29
7.24

11.8
7.88

8.24
4.4

9.6
10.7

16.3
13.9
13.8

133

11.3

9.74

OrthoP as P

mg/L
0.98
0.45
0.78

1.28
0.53

0.65
0.65

1.13
1.30
1.87
1.72
191
0.11
0.27
0.34
0.77

0.63

1.10
0.61

1.13
1.07

1.76
2.05
1.86

2.76

2.35

2.08

TP

mg/L
1.13
0.54
0.83

1.27
0.66

0.68
0.66

1.17
1.37
1.88
1.94
1.99
0.34

0.33

0.30
0.38

0.82
0.70

1.20
0.62

1.16
1.16

2.01
2.10
1.89

2.74

2.36

2.14

Redox

143

183

182

167

125
65

220

144

133

158

100

102

87

111

86

139

110

ChlA

ug/L

1.8

0.5

21

7.3

4.7

13

14

4.9

24

Sp. Cond.

uS/cm
363

661

355

582

406
548

545

573
424

566

654

613

458

466

483

709

412

pH

SuU
7.40
7.93
8.40
7.93
8.31
7.43
7.73
8.15
8.53
8.01
8.38
8.27
8.04

8.00
7.85
7.33
8.49
8.38
7.96
8.22
8.03
8.51
8.42
8.40
8.20
8.41
7.98
8.44
8.15
8.09
8.16
8.29
7.92
8.24
8.25
8.18
8.36
7.96
7.75
7.74

8.02
7.92
7.87
8.06
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¢ The existing CSO clarifiers and associated equipment could be removed and this section of the
streambank could potentially be re-graded to allow additional in-stream flood storage.

Description

Constructed treatment wetlands are engineered wetland systems created and constructed to utilize the natural
functions and combination of wetland vegetation, soil, and associated microbial life to reduce pollutants and
improve water quality in surface water, municipal wastewater, groundwater, stormwater runoff, or various
waste streams.

Of the different types of wetlands, free water surface (FWS) constructed wetlands can typically achieve high
removal of suspended solids, moderate removal of pathogens, nutrients, and other pollutants, and tolerate
variable water levels and nutrient loads and is therefore the recommended choice here.

Features

The new wetland system of approximately 12 acres will be designed to treat CSO discharges up to 16 MG. A
site layout for this option is shown in Exhibit 9 in Appendix E. As conceptualized, the CSO treatment wetland
will include:

e Pumping facility - Replace existing CSO and holding basin to convey flow to the wetland.
+ Pretreatment - There are several options for pretreatment:

o Mechanical Grit Removal: The plant’s existing grit removal system is 20 years old, in the 30 year
planning period considered here, the grit system will likely need to be replaced. Modern grit
removal systems utilize stacked trays to achieve a high amount of grit removal efficiency in a
small space. If the future grit removal system not only is used to remove grit from the plant
influent but is also sized to remove grit from the CSO flow, then less grit removal will be required
in the holding basin and potential wetland.

o Primary Treatment: The plant’s primary clarifiers are also between 45 and 80 years old, are below
the flood elevation, and require considerable upgrades or replacement. Like the grit removal
system, if a future primary treatment system is upgraded to accept CSO flow in addition to plant
flow it will improve the water quality, and potential for odor generation, in the wetland.

o Seadiment Forebay- The capital cost of mechanical grit removal are high. As an alternative, a
wetland forebay can be used. A sedimentary forebay is an area of deep water to lessen scour and
damage to wetland plants. It will also collect grit and can be design for easy grit removal,

¢ Constructed Wetland - Free water surface {FWS) type wetland treatment to interact with the
atmosphere and replicate the naturally occurring processes of a natural wetland removing suspend
solids, BOD, and ammonia and providing a natural area adjacent to the WWTP.

« UV Disinfection - UV Disinfection facility to disinfect filtered wetland effluent prior to final discharge.

Operation

influent flows greater than 14 mgd and up to existing combined sewage holding basin capacity (16 MG) will be
sent to a new grit removal system to capture grit particles and then be discharged to the wetland for treatment.
The wetland effluent will then be discharged to the halding basin. After the storm event has ended, liquid in the
holding basin will flow by gravity or be pumped back to the diversion structure at the head of the plant for
further treatment like the current operation.

The wetland portion of the CS0O treatment facility will continue 1o operate after the combined sewage holding
basin reaches capacity. Following the treatment, the wetland effluent will pass through a UV disinfection
system and then be discharged to Kickapoo Creek (Outfall 002). The proposed process flow diagram for this
option is shown in Figure 7-1.
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