Prepared in cooperation with the Kansas Water Office, and funded in part through the State Water Plan Fund

May through July 2015 Storm Event Effects on Suspended-
Sediment Loads, Sediment Trapping Efficiency, and Storage
Capacity of John Redmond Reservoir

Introduction

The Upper Neosho and Cottonwood River watersheds,
located in east-central Kansas, drain about 3,015 square miles
and are the primary inflows to John Redmond Reservoir (here-
inafter referred to as the reservoir). The 1964-2014 estimated
sedimentation rate in John Redmond Reservoir, located in east-
central Kansas, was almost 90 percent larger than the projected
design rate of 404 acre-feet per year and resulted in a loss of
about 40 percent of the conservation (multipurpose) pool storage
capacity (Kansas Water Office, 2015). Loss of storage due to
sedimentation in the reservoir has been estimated as anywhere
from 765 acre-feet per year for 1964-2014 (Kansas Water
Office, 2015) to 492 acre-feet per year for 2007—14 (Jakubaus-
kas and others, 2014). To help maintain storage in the reservoir,
the Kansas Water Office has implemented more that two dozen
stream bank erosion control projects to reduce the annual sedi-
ment load entering the reservoir and initiated a dredging project
to restore nearly 2000 acre-feet of storage near the dam to pro-
vide additional water supply to downstream water users (Tracy
Streeter, Kansas Water Office, written commun., 2016).

During May through July 2015, precipitation in the Upper
Neosho and Cottonwood watersheds delivered large quantities
of runoff into the reservoir. Water was retained in the flood pool
of the reservoir until late May because of downstream flooding
in Oklahoma. Subsequently, water was released for the rest of
the study period (June—July 2015). These changes in releases
of sediment-rich water altered reservoir residence times, which
directly affected reservoir sedimentation rates.

Approach

The U.S. Geological Survey (USGS), in cooperation with
the Kansas Water Office and funded in part through the Kan-
sas State Water Plan Fund, operates streamflow and continu-
ous water-quality monitoring sites upstream and downstream
from the reservoir (fig. 1). Linear regression models and data
from one upstream site and one downstream site were used to
compute suspended-sediment loads entering and exiting the
reservoir during May through July 2015. Additionally, reservoir
sediment trapping efficiency and the effects of the storms on
water-storage capacity were determined. Detailed methods and
results, including an analysis of sediment loads delivered from
the Neosho and Cottonwood Rivers individually, can be found
in Foster (2016).
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On May 28, and throughout
the rest of the study period,
water was released at larger
rates (up to 25,400 acre-
feet per day, which is the
maximum allowed for the
reservoir, U.S. Army Corps
of Engineers, 1996). In
June, 520,000 acre-feet were
released, and 396,000 acre-
feet were released in July.
During June and July, only
225,000 and 206,000 acre-
feet entered the reservoir,
respectively.

Suspended-Sediment
Loads

During the 3-month
study period, approximately
872,000 tons of total sus-
pended-sediment entered the
reservoir, and 57,000 tons
exited the reservoir (fig. 34).
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60,000

T T T— 600,000
966,000 acre-feet entered, |
1,070,000 acre-feet exited

by July 30

T T
761,000 acre-feet entered, smg]
669,000 acre-feet
exited by June 30

T T
535,000 acre-feet entered, sg|
150,000 acre-feet
exited by May 31

Streamflow

50,000 500,000

Approximately 966,000 acre-feet of water
entered the reservoir during May through July
2015 (fig. 2). Approximately 1.07 million acre-feet
of water was released from the reservoir during
the same period (fig. 2). The discrepancy between
inflow and outflow totals can be explained by the
uncertainties associated with estimating streamflow
in the ungaged area of the watershed and other fac-
tors, such as in-lake evaporation, that were not able
to be measured.

Fifty-five percent of the total inflows dur-
ing the study period (535,000 acre-feet) entered
the reservoir in May (fig. 2). During May, inflows
mostly were retained in the reservoir because of
downstream flooding in Oklahoma. The amount
of water released from the reservoir in May
was 72 percent less (150,000 acre-feet) than the
amount of water that entered the reservoir (fig. 2).
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=== Neosho River at Neosho Rapids (U.S. Geological Survey station number 07182390), inflow to reservoir

== Neosho River at Burlington (U.S. Geological Survey station number 07182510), outflow of reservoir
== Reservoir storage

Figure 2. Streamflow hydrograph of reservoir inflows (Neosho Rapids), outflows
(Burlington), and reservoir storage during May through July 2015. Cumulative volumes
may not match individual monthly values cited in text because of rounding.
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Figure 3. Computed and estimated sediment loads at gaging sites upstream and
downstream from John Redmond Reservoir and selected published sedimentation rates.
A, entire study period; B, by month.

result of sediment trapping in the reservoir,
suspended-sediment loads into the reser-
voir were between 5 and 34 times larger
than suspended-sediment loads exiting the
reservoir, even during the periods with the
largest reservoir releases. The suspended-
sediment load entering the reservoir in
May alone was greater than the annual
design sedimentation rate (Kansas Water
Office, 2015) and estimated annual sedi-
mentation rate from 2007 through 2014
(Jakubauskas and others, 2014).

Sediment Trapping Efficiency

The average sediment trapping
efficiency of the reservoir during the study
period was 93 percent but ranged from 97
percent during May, when waters were
being retained in the reservoir, to 83 per-
cent during June, the month of maximum
releases (fig. 4). A similar study conducted
in 2007-8 (Lee and others, 2008) esti-
mated trapping efficiency to be 91 percent.
The range (83 to 97 percent) of sediment
trapping efficiencies during this study
was directly related to reservoir outlet
operations; trapping efficiency was lowest
when reservoir releases were highest. The
relation between reservoir releases, water
residence time, and sediment trapping
efficiency may be used to manage reservoir
sedimentation.

Effect on Reservoir Storage
Capacity

Utilizing a mean bulk density for the
reservoir of 38.2 pounds per cubic foot
(Juracek, 2010), and 815,000 tons of sedi-
ment retained during the 3-month study
period, 980 acre-feet of reservoir storage
was lost because of sediment deposition
during May through July 2015, assuming
that all sediment was deposited in the mul-
tipurpose pool area. About 1.6 percent of
the conservation-pool storage capacity of
the reservoir, therefore, was lost during the
3-month study period (utilizing the stor-
age tables in Jakubauskas, 2014). Slightly
more than 1 percent was lost during May
alone. It is likely some percentage of sedi-
ment was deposited in flood-inundated
areas upstream from the reservoir and not
in the reservoir, although the amount can-
not be quantified by this analysis. Storage
lost during this 3-month period was 1.3
times larger than the estimated annual
storage losses of 765 acre-feet per year for
1964-2006 (Kansas Water Office, 2015),
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Figure 4. Sediment trapping efficiency of John Redmond Reservoir during May through July 2015.

2 times larger than the 492 acre-feet per year for 2007-2014
(Jakubauskas and others, 2014), and 2.4 times larger than the
design rate of 404 acre-feet per year. These results are similar to
other reservoir studies in Kansas (Foster and others, 2012; Stone
and others, 2015) that indicate large volumes of sediment are
delivered to reservoirs in short periods of time (hours or days).
Large events, coupled with minimal releases, can have a substan-
tial effect on reservoir storage.
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