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SECTION 1

Introduction

In 2012, the Oklahoma Water Resources Board (OWRB) published its updated Oklahoma Comprehensive Water
Plan (OWRB 2012). This plan, as well as previous plans, recommended the evaluation of nonconsumptive uses of
water, including instream flows, for environmental and recreational uses. Based on earlier recommendations,
the OWRB had convened an Instream Flow Work Group in late 2009 to solicit input from stakeholders and
establish a path forward to further evaluate the need and options for establishing an instream flow policy or
program for Oklahoma. The Work Group developed a report titled Instream Flow Issues and Recommendations
(OWRB, February 2011). One of the recommendations in the report was to perform an instream flow pilot study
on a state-designated Scenic River. In 2013, following completion of the 2012 Comprehensive Water Plan, OWRB
created the Oklahoma Instream Flow Advisory Group to continue the efforts of the previous Work Group. To
further define whether and how an instream flow program might be implemented, an instream flow Pilot Study
Approach was prepared and submitted to the OWRB, U.S. Army Corps of Engineers, and Instream Flow Advisory
Group (CH2M HILL 2014). The state-designated scenic reaches of the lllinois River and its tributaries, Barren Fork
and Flint Creeks, were identified as preferred study streams.

The Instream Flow Incremental Methodology (IFIM) (Bovee 1982; Stalnaker et al. 1995) was deemed most
suitable for addressing the prevailing comments and concerns of the Instream Flow Advisory Group. The IFIM is
a decision-support process that provides a comprehensive framework for addressing streamflow needs for fish
and other aquatic resources while incorporating consideration of other environmental and nonenvironmental
interests (i.e., recreation, wildlife, water quality, and consumptive water uses such as public water supply, crop
irrigation, power generation, and industrial uses). The IFIM is the most commonly used and accepted
methodology by state and federal agencies in the United States and internationally. The methodology typically is
used to assess impacts of specific water development proposals (for example, a water diversion) where
alternative stream flow regimes can be assessed. However, this is not the circumstance for the lllinois River,
which is largely an unregulated stream with no foreseeable major water development projects being
contemplated. Therefore, the development of alternatives and their analysis, including an economic evaluation,
may not be as important in this case. Still, the basic steps of the methodology are broad enough that they can be
applied to any situation where instream flow prescriptions are being considered.

This technical report is part of the larger effort of employing the IFIM to test how the process, perhaps with
modifications, might be used in the future for other streams in Oklahoma. As such, the overall process (steps)
applied to the Illinois River is considered a pilot study. This “pilot” aspect applies to not only the steps required
to obtain technical information (the subject of this report) but also the administrative steps of the decision-
making process itself. The ultimate purpose of the pilot study is to gain a better understanding of the
implications of a process to deal with instream flow issues consistent with the overall goal of managing water
resources in Oklahoma for multiple uses.

Before conducting this study, input was sought from various agencies, technical advisors, and the general public
with interest in the lllinois River watershed. They assisted in identifying issues, provided useful information on
stream-related resources, and helped formulate a technical study plan for obtaining additional information,
especially for the fish habitat modeling effort. The results of these consultation and outreach efforts are
summarized in various documents available from the OWRB.

This technical report is presented in four sections. The first section is this Introduction. Section 2, Watershed
Resources, summarizes available information on the various resources that are associated with the study
streams. These resources are hydrology (including water usage), water quality, fisheries, wildlife, recreation, and
riparian corridor.
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1. INTRODUCTION

Section 3, Fish Habitat Modeling, presents the results of a fish habitat modeling effort that was used to identify
relationships between indices of fish habitat and stream flow for the three study streams. This modeling focused
only on fish-rearing needs primarily during the base flow months, not on spawning or migration needs.

Section 4, Discussion, provides insight on the information presented in Sections 2 and 3. It includes
interpretation of the fish habitat modeling results and attempts to integrate those results with the flow
considerations identified for the other nonfish resources. A brief discussion of the importance of ecological
process flows (also known as environmental flows) is presented in this section. Finally, because this report is not
intended to recommend specific instream flows, a number of factors related to the technical information are
identified that should be considered in the final decision-making process.

The next administrative steps that are required to actually establish and implement instream flow management
prescriptions for the lllinois River and tributaries are still being formulated by OWRB in consultation with the
Instream Flow Advisory Group. Those steps will constitute the continuation and hopefully the finalization of the
IFIM process for the Illinois River. At that time, the use of the IFIM process, as used in this pilot study, can be
evaluated as to its applicability to other streams in Oklahoma being considered for instream flow prescriptions.

1-2 EN0525161143PDX



SECTION 2

Watershed Resources

This section summarizes available information on the various resources that are associated with the study
streams. These resources are hydrology (including water usage), water quality, fisheries, wildlife, recreation, and
riparian corridor.

2.1 Watershed Overview

The Illinois River watershed encompasses approximately 1,671 square miles in northwestern Arkansas and
northeastern Oklahoma (Figure 2-1). The river originates near Hogeye, Arkansas, approximately 15 miles
southwest of Fayetteville. The 145-mile river flows west, crossing the Ozarks of northwest Arkansas and into
Oklahoma near Watts, Oklahoma. Major tributaries of the lllinois River include Osage Creek, Clear Creek, Muddy
Fork Creek, and Cincinnati Creek in Arkansas, and Flint Creek, Ballard Creek, Caney Creek, and Barren Fork Creek
in Oklahoma.

*Springdale

® Fayetteville

’ Q& i
B Fork Cr.

Tahlequah {

L\msuBAg

@

Figure 2-1. Major Tributaries and Towns in the lllinois River Watershed.

The lllinois River watershed lies mostly within the Ozark Highlands ecoregion. The Ozark Highland streams drain
to the Arkansas River, which is a major tributary to the Mississippi River. The ecoregion is characterized by oak-
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2. WATERSHED RESOURCE

hickory forests on well-drained soils of slopes, hills, and plains. Areas of exposed rock are common. Bottomland
hardwood forests of oak, sycamore, cottonwood, and elm exist along the floodplains of the larger streams
(Oklahoma Conservation Commission [OCC] 1998; Woods et al. 2005). The lllinois River and its major tributaries
exhibit a range of conditions from areas with dense riparian forest buffers illustrating exceptional beauty and
ecological value, to areas of exposed and eroding stream banks with no vegetated buffers. Presently, rugged
areas are forested and nearly level sites are used for pastureland or hay production. Elevation in the Ozark
Highlands ranges from 300 feet (ft.) to 1,800 ft.

Average annual precipitation in the lllinois River watershed is approximately 48 to 50 inches, with May, June,
and September being the wettest months. Air temperatures average near 58 Fahrenheit degrees, with a range
from an average daytime high of 91 degrees in July to an average low of 27 degrees in January.

Land use in the Oklahoma portion of the lllinois River watershed is diverse. Nearly half of the land coverage is
forested, with most of the remaining land used for hay production or pasture (Table 2-1) (OCC 2010).

Table 2-1. Land Cover in the Oklahoma Portion of the Illinois River Basin from 2001 LandSat.

Land Cover Fraction of Basin
Forest 45.90%
Hay 15.42%
Well Managed Pasture 24.34%
Poorly Managed Pasture 7.98%
Rangeland 0.60%
Roads 0.16%
Urban 2.91%
Water 2.04%
Row Crop/Small Grains 0.64%

Source: Storm et al. 2006.

The major agricultural industry in the Oklahoma portion of the watershed is poultry, and a significant number of
cattle are also raised. Row crops and small grains comprise a small percentage of the land use (Table 2-1).
Wheat, sorghum, soybeans, and various vegetables are grown in small quantities. Nursery plant production,
though relatively small, has also remained constant in the region.

The designated beneficial uses for streams in the watershed include some or all of the following: public and
private water supply, fish and wildlife propagation (both cool and warm water communities), agriculture,
primary body contact recreation, aesthetics, industrial and municipal process and cooling water, and fish
consumption (OWRB 2014). Additionally, numerous streams and rivers in the Illinois River Watershed are
classified in the Oklahoma Water Quality Standards as outstanding resource waters (ORW), while the Illinois
River, Barren Fork Creek, and Flint Creek are also classified as Scenic Rivers. These special classifications identify
those waterbodies as having exceptional ecological or recreational significance deserving of extra protection to
maintain their extraordinary existing water quality.

The lllinois River is designated as a state Scenic River from the Lake Frances Dam near the Arkansas border down
to its confluence with Barren Fork Creek, a distance of approximately 60 miles. A 35-mile segment of Barren Fork
Creek and a 12-mile segment of Flint Creek also are designated as Scenic Rivers upstream from their confluences
with the Illinois River. The scenic portions of these streams are administered by the Oklahoma Scenic Rivers
Commission (OSRC). The lllinois River Management Plan prepared by OSRC (1999) lists 10 management goals for
the river and its corridor. Of these, three relate directly to instream flows: 1) conserve and enhance instream
biological and physical resources such as native fish and their habitats as well as water quality, 2) maintain long-
term protection of important instream and shoreline resources, including free-flowing character, water quality
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2. WATERSHED RESOURCE

and quantity, and fish habitat, and 3) provide a diversity of high quality recreational opportunities that are
compatible with each other and with river resources.

Approximately 243,000 people live in the lllinois River watershed (2010 US Census). About 170,000 (70%) live in
urban areas, with the majority residing in the eastern portion of the watershed in Arkansas. The population of
Oklahoma towns in the lllinois River basin is about 22,000. The largest city in the Oklahoma portion of the
watershed is Tahlequah, which lies near the southern downstream portion of the Illinois River study area. The
population of Tahlequah is 15,573 according to the 2010 US Census. Although there are rapidly growing urban
centers in the eastern headwater areas from south Fayetteville to Rogers and Bentonville, Arkansas, the western
portion of the watershed in Oklahoma remains largely rural.

Early occupants of the lllinois River valley included the Caddo Indians who were later succeeded by the Osage
Indians (OSRC 1999). They were followed by the Western Cherokee Indians who moved from Arkansas Territory
to the lllinois River valley following the Treaty of 1828. The Cherokees favored the area around the Illinois River
because of the productive hunting and fishing. In 1839 the city of Tahlequah became the Cherokee Nation
capital. Tahlequah is a historically significant town as it was the end of the “Trail of Tears” for the Cherokee
Nation. Members of the Cherokee Nation today continue to value the lllinois River and valley for its historical
and cultural significance.

There has been no cultural resources inventory conducted for the Illinois River corridor in Oklahoma, thus any
significant cultural resources such as archaeological sites are not known within the study area. Typically,
however, the value of these resources does not appear to be dependent on streamflow. Therefore, streamflow
relationships would not need to be developed for cultural resource sites. However, some Native American
resource values and nonconsumptive water uses associated with the management of the river ecosystem may
depend on streamflow quantity. Many tribes traditionally have used water for a range of nonconsumptive
purposes, including ceremonial and fishing practices. Many native peoples harvest plants for subsistence,
medicinal, or cultural use from wetland and riparian areas. However, there is no publicly available information
on any specific practices or sites used by the local Native American tribes in the lllinois River.

The streams of the Ozark Highlands are typically clear, moderate gradient, riffle-and-pool type with coarse
gravel, cobble, boulder, and bedrock substrates of limestone, dolomite, and chert. Base flows usually are
maintained during the dry season by springs and seeps. Both habitat diversity and fish species richness are high,
and sensitive fish species are common (see Fisheries description). The most important game species is the
smallmouth bass (see Recreation section). The lllinois River corridor contains an extensive network of remnant
and intermittently-watered side channels and oxbow channels that support important habitat for fish, wildlife,
and riparian vegetation. In general, phosphorus, bacteria, and sediment are the primary causes of water quality
concerns in the watershed (see Water Quality section).

2.2 Hydrology

It is important to understand a steam’s flow regime, both natural and altered, in order to assess how those flows
or proposed alternative flows might affect stream-related resources. Base flows, especially in the summer, are
important components of the flow regime in providing suitable living conditions for fish and other aquatic
organisms. Because summer is often the highest demand period for out-of-stream water uses (e.g. domestic and
irrigation), most instream flow issues occur in the summer, and the competing demands for instream and out-
of-stream water at this time of year are often the focus of instream flow studies. However, the higher flows that
function to create and maintain the stream’s ecological processes are also important to consider when
recommending instream flows (Annear et al. 2004). Flows that approximate bank-full conditions are particularly
important as these help to create and maintain the channel shape, flush and transport streambed material,
provide water and nutrients to riparian vegetation, disperse seeds, and recruit woody debris to the steam
channel where it provides preferred habitat structure for many fish and other stream-dependent species.
Overbank flows that occasionally inundate the low floodplain areas adjacent to the stream also provide

EN0525161143PDX 2-3



2. WATERSHED RESOURCE

important ecological functions including maintenance of wetlands, recharge of alluvial aquifers, and the
exchange of nutrients, organic materials, sediments, and water between the stream and floodplain.

Hydrologic indices that depict the recurrence probability of various high flow events are well suited to describe
these ecological process flows in an unregulated stream such as the Illinois River and its tributaries. For this
reason, the annual peak flows are described at each gage site, as well as the frequency of recurrence for various
high flow events measured at these gage stations. Review of these flow indices will be an important step in
developing instream flow recommendations that consider the ecological health of the lllinois River and its
tributaries consistent with the state’s instream flow definition presented in the state’s Comprehensive Water
Plan (OWRB 2012a) and the goals stated in the Illinois River Management Plan (OSRC 1999). Average monthly
flows are shown to describe general seasonal patterns, but these do not reveal the high year-to-year variability
that is inherent in the lllinois River. Recurrence probability flows by month are useful in describing the variability
in existing flows especially in the summer recreational period. For this purpose, monthly 25%, 50% (median),
and 75% exceedance flows are depicted to represent wet, normal, and dry year conditions, respectively.

Hydrologic data are summarized for four U.S. Geological Survey (USGS) streamflow gages in the study area, two
for the lllinois River and one each for Barren Fork Creek and Flint Creek (Table 2-2). Daily flow records are
available for at least 60 years for these sites.

Table 2-2. USGS Stream Gage Information for the Illinois River Study Area.

Gage Name USGS Gage County Drainage Area Elevation Period of
Number (square miles) (ft) Record
llinois River near Watts 07195500 Adair 630 893.8 1956 - 2014
lllinois River near Tahlequah 07196500 Cherokee 950 664.1 1936 - 2014
Barren Fork Creek near Eldon 07197000 Cherokee 312 701.1 1948 - 2014
Flint Creek near Kansas 07196000 Delaware 116 854.6 1956 - 2014

Monthly average flows for these four gage sites are shown in Figure 2-2. Flows are highest in the months of
March, April, and May consistent with regional precipitation patterns. The lowest flows occur in September and
October.

Monthly median (50 percentile), 25 percentile, and 75 percentile flows for the four gage sites are shown in
Figure 2-2. The differences between the dry condition flows (75%) and the wet condition flows (25%) for each
month are indicative of the large differences between these year types.

Annual peak flows at each gage site are shown in Figure 2-4. Analysis of these data were used to determine peak
flow recurrence probabilities for the 1.5-year, 2-year, 5-year, 10-year, 50-year, and 100-year events (Table 2-3).
For example, the 5-year peak flow event for the lllinois River at Tahlequah is 38,100 cubic feet per second (cfs).
This compares to the estimated flood flow conditions as defined by the National Weather Service (NWS) (2015)
for this site: minor flooding at 9,008 cfs, moderate flooding at 17,334 cfs, and major flooding at 33,652 cfs. The
peak flow recurrence analysis indicates that at least moderate over-bank flooding occurs nearly every 2 years in
the lllinois River.

Table 2-3. Peak Flow Recurrence Intervals Calculated using the Log -Pearson Type 3 Method.

Flow (cfs)
Peak Flow Return Probability Illinois River near Illinois River Barren Fork at Flint Creek near
Period (Year) (%) Tahlequah near Watts Eldon Kansas
15 67 14,112 13,912 11,099 2,520
2 50 19,535 18,868 16,250 3,917
5 20 38,289 33,947 29,836 10,234
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Flow (cfs)
Peak Flow Return Probability Illinois River near lllinois River Barren Fork at Flint Creek near
Period (Year) (%) Tahlequah near Watts Eldon Kansas
10 10 53,919 45,185 37,328 16,450
25 4 77,173 60,390 44,675 26,772
50 2 96,925 72,233 48,789 36,274
100 1 118,643 84,362 51,962 47,307

Annual peak flow events that exceed the 1.5-year recurrence probability (14,112 cfs) in the Illinois River at
Tahlequah can occur in any month (Table 2-4). However, most occur in the winter and spring months (December
—June). The least likely months for these events to occur are August and September.

Table 2-4. Month of Occurrence for Annual Peak Flow Events Greater Than 14,112 cfs for the lllinois River at Tahlequah,
Oklahoma.

Month Number of annual peak flow events
>14,112 cfs
January 4
February 6
March 5
April 9
May 10
June 4
July 3
August 1
September 1
October 3
November 4
December 6
Total Years 56

Notes:
USGS gage No. 07196500. Data for water years 1936 — 2015.
14,112 cfs corresponds to the 1.5-year recurrence flow at this gage site.

Trends in base flow, total flow, and base-flow index (ratio of base flow to total flow) were assessed for streams
in Oklahoma, including the lllinois River and Barren Fork Creek, by the USGS (Esralew and Lewis 2010). No
significant trends in annual or seasonal total-flow volume were detected for either stream (since 1936 for the
lllinois River and since 1948 for the Barren Fork). However, there was a significant upward trend in base-flow
volume at both stations. This observed increase in base flows was likely associated with the substantial wet
period that occurred between 1985 and 2000 (Puls 2015). Several alluvial groundwater wells in the basin that
were monitored from the late 1970s to 2008 also showed an increasing trend in water levels, possible reflecting
the increase in precipitation and stream base flows during this period (Esralew and Lewis 2010).
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Potential climate-change effects on stream flows in Oklahoma to year 2099 were recently evaluated by the
Oklahoma Water Survey at the University of Oklahoma (Hong 2015). While air temperature increases are
anticipated, no trends in precipitation are expected on a state-wide average basis. However, on a regional basis,
precipitation is expected to increase in the northeast corner of the state (Ozark region) by as much as 24
mm/month. This increase in precipitation would be expected to increase the river basin water yields, but it is
uncertain how it would manifest in terms of runoff behavior such as flood or drought frequency.
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Figure 2-2. Monthly Average Flows (cfs) for the lllinois River (Two sites), Barren Fork Creek and Flint Creek, Oklahoma
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Figure 2-3. Monthly Exceedance Flows for Wet (25%), Normal (50%), and Dry (75%) Conditions.
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