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Study Area & Project Background: Equus Beds Aquifer ASR

Equus Beds aquifer ASR project history & sites.



Study Area & Project Background: Previous Study Highlights

▪ Aquifer chloride plume moving about 1 ft/d
▪ Klager & others (2014)

▪ Aquifer nitrate, chloride, & arsenic 
concentrations commonly exceed criteria
▪ Ziegler & others (2010)

▪ Tappa & others (2015)

▪ Stone & others (2019)

▪ ASR Phase II activity study showed that 
changes in aquifer & river water quality 
largely governed by hydrology & were not 
persistent
▪ Stone & others (2016)

▪ Long-term continuous water-quality 
dataset
▪ Surface- & groundwater monitoring

▪ 1998-present (2022)

▪ Surrogate relations for water-quality 
constituents of interest
▪ Stone and Klager (2022)
▪ Available at the National Real-Time Water 

Quality Network: nrtwq.usgs.gov

Equus Beds aquifer ASR schematic (Ziegler and others, 2010).

https://doi.org/10.3133/ofr20141162
https://doi.org/10.3133/sir20105023
https://doi.org/10.3133/sir20155023
https://doi.org/10.3133/sir20195026
https://doi.org/10.3133/sir20165042
https://doi.org/10.3033/ofr20221010
nrtwq.usgs.gov
https://pubs.er.usgs.gov/publication/sir20105023


Current Study Efforts: Purpose & Objectives

▪ Quantify and characterize Little 
Arkansas River water quality

▪ Develop additional surrogate 
relations for water-quality 
constituents of interest

▪ Compute continuous 
concentrations & loads for 
water-quality constituents of 
interest

▪ Compare computed water-
quality concentrations to 
relevant criteria

▪ Evaluate long-term water-
quality trends

Little Arkansas River & ASR Phase II intake

structure near Upstream ASR site.



Study Area & Sites:
Little Arkansas River

Watershed

▪ Agricultural land use

▪ TMDLs
nutrients

sediment

fecal coliform bacteria

total suspended solids

total phosphorus

atrazine

▪ Little Ark R. study sites
Nr Halstead “Hwy 50” (07143672)

“Upstream ASR” Fac (375350097262800)

Nr “Sedgwick” (07144100)

Location of study sites, watersheds, and land use.

https://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=07143672
https://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=375350097262800
https://waterdata.usgs.gov/nwis/inventory?agency_code=USGS&site_no=07144100


Data Collection: Little Arkansas River, 1995-2021

Stone & others (2012)

▪ Continuous streamflow (since 1993)

▪ Continuous water quality (since 1998)

Water temperature

pH

Specific conductance

Dissolved oxygen

Turbidity

fDOM

Nitrate plus nitrite

▪ Discrete water quality (since 1995)

Primary ions

Nutrient & carbon species

Sediment

Pesticides

▪ Data available at the USGS National 

Water Information System (NWIS) 

database: waterdata.usgs.gov/nwis

https://pubs.er.usgs.gov/publication/ofr20121055
waterdata.usgs.gov/nwis


Data Analysis: Little Arkansas River 
Surrogate Models

Dissolved oxygen
pH

Turbidity
fDOM

Sp. Cond.

& Temp.

▪ Relation between continuous & discrete data

▪ Data available at National Real-Time Water Quality

https://nrtwq.usgs.gov/ks/

▪ Stone & Klager (2022)

Ions

Nutrients & carbon

Sediment

Bacteria

▪ New & updated models

Bromide

Atrazine

▪ Long-term computed concentrations & loads

In-situ water quality monitor & sampling.

https://nrtwq.usgs.gov/ks/


Data Analysis: Little Arkansas River Trends, 1995-2021

▪ EGRET (Exploration & Graphics of RivEr Trends)

▪ WRTDS (Weighted Regressions on Time, 

Discharge, & Season)

▪ WBT (WRTDS Bootstrap Test; Hirsch and others, 

2015) 

Assigns trend likelihood & descriptors:

Hirsch & De Cicco (2015)Hirsch & others (2015)

https://doi.org/10.3133/tm4A10
https://doi.org/10.1016/j.envsoft.2015.07.017


Results: Little Arkansas River Continuous
Streamflow (1995-2021) & Nitrate (2012-2021)
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Results: Little Arkansas River
Continuously Computed Ions 1998-2021
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Results: Little Arkansas River Continuously Computed
Nutrients, Bacteria, & Arsenic 1998-2021
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Results: Little Arkansas River Continuously Computed Bromide
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Results: Little Arkansas River 
Continuously Computed Atrazine
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Results: Little Arkansas River Suspended Sediment Concentration Load

This information is preliminary and is subject to revision. It is being provided to meet the need for timely best science. The information is 

provided on the condition that neither the U.S. Geological Survey nor the U.S. Government shall be held liable for any damages resulting 

from the authorized or unauthorized use of the information. This information is not for distribution. 



Results: Little Arkansas River (Sedgwick) Long-Term Trends
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Chloride:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.98 

downward trend highly likely

1995 flow-normalized: 106 mg/L

2021 flow-normalized: 61 mg/L

Trend magnitude: 43% decrease

Bromide:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.77 

downward trend likely

1995 flow-normalized: 0.38 mg/L

2021 flow-normalized: 0.20 mg/L

Trend magnitude: 45% decrease



Results: Little Arkansas River (Sedgwick) Long-Term Trends
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Nitrate:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.82 

downward trend likely

1995 flow-normalized: 1.6 mg/L

2021 flow-normalized: 0.74 mg/L

Trend magnitude: 52% decrease

Total Phosphorus:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.81 

downward trend likely

1995 flow-normalized: 0.38 mg/L

2021 flow-normalized: 0.20 mg/L

Trend magnitude: 20% decrease



Results: Little Arkansas River (Sedgwick) Long-Term Trends
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Total organic carbon:

Frequency that flow-normalized concentration is 

trending up in bootstrap replicates: 0.99 

upward trend is highly likely

1995 flow-normalized: 5.1 mg/L

2021 flow-normalized: 7.9 mg/L

Trend magnitude: 52% increase

Suspended sediment:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.53 

downward trend is about as likely as not

1998 flow-normalized: 144 mg/L

2021 flow-normalized: 131 mg/L

Trend magnitude: 7% decrease



Results: Little Arkansas River (Sedgwick) Long-Term Trends
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Atrazine:

Frequency that flow-normalized concentration is 

trending down in bootstrap replicates: 0.72 

downward trend is likely

1995 flow-normalized: 1.7 mg/L

2021 flow-normalized: 1.5 mg/L

Trend magnitude: 13% decrease

Seasonality

Trend exploration with seawaveQ

Ryberg and York (2020) 



USGS National Water Quality Network: nrtwq.usgs.gov/nwqn

nrtwq.usgs.gov/nwqn


Preliminary Conclusions: Little Arkansas River Long-Term Data Collection, 1995-2021
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Mandy Stone

mstone@usgs.gov
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bklager@usgs.gov

https://www.usgs.gov/centers/

kswsc/science

▪ Specific conductance best predicted primary ions, 

including chloride & bromide

▪ Turbidity best predicted unfiltered nutrients, carbon, 

sediment, & pesticides

▪ Chloride, bromide, nitrate, total phosphorus, & atrazine 

concentrations had downward trends

▪ Total organic carbon concentrations had an upward 

trend

▪ Sediment concentrations exhibited no trend

▪ Continuous monitoring measures changing conditions 

over time & provides critical information 

▪ Future research efforts include analysis for pesticide 

trends & during targeted flow conditions to assess 

drivers 


