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1.0

1.1.

Introduction

Background

Seven central Oregon irrigation districts (Arnold, Central Oregon, North Unit, Ochoco, Swalley,
Three Sisters, and Tumalo) and the City of Prineville, Oregon (City) are seeking Federal
Endangered Species Act (ESA) incidental take permits for the Middle Columbia River steelhead
trout (Oncorhynchus mykiss), bull trout (Salvelinus confluentus), and up to 12 other listed and
unlisted species inhabiting the Deschutes River basin. As required by Section 10 of the ESA, the
City and the irrigation districts (collectively the Applicants) are preparing the Deschutes Basin
Multi-species Habitat Conservation Plan (DBHCP) to minimize and mitigate the effects of the
proposed incidental take on the covered species. The DBHCP is being prepared in cooperation
with a multi-stakeholder Working Group representing the U.S. Fish and Wildlife Service
(USFWS), National Marine Fisheries Service (NMFS), U.S. Bureau of Reclamation (Reclamation),
U.S. Bureau of Land Management (BLM), Oregon Department of Fish and Wildlife (ODFW),
Oregon Department of Environmental Quality (ODEQ), Oregon Water Resources Department
(OWRD), the Confederated Tribes of the Warm Springs, Crook County, and several non-
governmental entities.

This study has been completed to support development of the DBHCP. The scope of work for
the study was reviewed and approved by the Working Group prior to initiation. Drafts of this
report were provided to the Working Group for review and comment, and this final report
reflects their input. The report does not necessarily represent the consensus view of the
Working Group. Rather, it is intended to serve as a reference document for the members of the
group as they collaboratively develop plans for additional studies and conduct analyses of the
effects of the covered activities and the benefits of various minimization and mitigation options.

1.2. Purpose and Scope of the Study

Phase 1 of this study provides an initial screening-level evaluation of the potential for covered
releases, discharges, return flows, and spills to measurably affect surface water temperatures
and potentially generate adverse effects to covered fish species. Storage and diversion effects
on water temperature will be addressed in later phases of this study. For purpose of the current
study is to prioritize releases, discharges, returns and spills for future assessment. Criteria used
for prioritization include: 1) release rate, timing, and thermal properties of the return; 2) flow
rate and ambient temperatures of the receiving water; and 3) the seasonal presence and
temperature requirements of various life stages of covered fish species. The covered fish
species are steelhead trout (Oncorhynchus mykiss), bull trout (Salvelinus confluentus), Chinook
salmon (0. tshawytscha), and sockeye salmon (O. nerka).

Steelhead trout are currently being reintroduced above the Pelton Round Butte Project, and will
eventually have access up to Big Falls at river mile (RM) 132.0 on the Deschutes River, to a
natural falls at RM 37.1 on Whychus Creek, to Bowman Dam at RM 70.5 on the Crooked River,
to Ochoco Dam at RM 11.1 on Ochoco Creek, and to various downstream tributary waters to
these locations. Suitable temperature ranges for various life history stages of steelhead trout
are summarized in Table 1-1. Preferred water temperatures for steelhead vary with life stage,
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but generally occur below 14°C (57°F), while temperatures above 23.9°C (75°F) can be lethal to
adults (Pauley et al. 1989; USEPA 2001; McCullough et al. 2001; and NMFS 2008).

Bull trout are present up to Big Falls on the Deschutes River, to Opal Springs Dam at RM 7.2 on
the Crooked River, and upstream of Alder Springs (RM 1.6) to the USFS 6360 road crossing at RM
5.7 on Whychus Creek. The species was historically present in the upper Deschutes River, but
they are currently considered extirpated above Big Falls (Buchanan et al. 1997) except for an
isolated population in Odell Lake and Odell Creek at the extreme upper (southern) end of the
basin. The Odell Lake basin is upstream of the DBHCP covered lands and zone of the potential
influence of covered activities.

Volitional upstream fish passage will be in place at Opal Springs Dam on the Crooked River no
later than 2016, but it is not known whether and how far bull trout will travel above the dam
once they are given the opportunity. Critical habitat for the bull trout has been designated in
the Crooked River upstream to the State Route 97 crossing (RM 18) and in Whychus Creek
upstream to RM 5.7 (USFWS 2010). Suitable temperature ranges for various life history stages
of bull trout are summarized in Table 1-1. Preferred water temperatures for bull trout vary with
life stage, but generally occur below 9°C (48°F) for spawning and below 15°C (59°F) for juvenile
rearing (McPhail and Murray 1979; Fraley and Shepard 1989; Goetz 1989; Kraemer 1994; Martin
et al. 1992; McMahon et al. 1998, 1999, 2000; USEPA 2001; McCullough et al. 2001; Myrick
2002; Essig et al. 2003; and USFWS 2012). The general distribution of bull trout in watersheds is
usually limited to waters below 18°C (64°F). Exposure of rearing juveniles to temperatures
above 20.8°C (69°F) for more than 60 days, or 23.0°C (73°F) for more than 7 days can be lethal
(McMahon et al. 1999).

Chinook salmon are currently being reintroduced above the Pelton Round Butte Project, and will
eventually have access up to Big Falls at RM 132.0 on the Deschutes River, to a natural falls at
RM 37.1 on Whychus Creek, to Bowman Dam at RM 70.5 on the Crooked River, to Ochoco Dam
at RM 11.1 on Ochoco Creek, and to various downstream tributary waters to these locations.
Suitable temperature ranges for various life history stages of Chinook salmon are summarized in
Table 1-1. Preferred water temperatures for Chinook salmon vary with life stage, but generally
occur below 14°C (57°F) for spawning, below 13°C (55°F) for incubation, and below 16°C (61°F)
for juvenile rearing (Brett 1952; CDWR 1988; and McCullough et al. 2001). The lethal limit lies in
excess of 22.0°C (72°F) for rearing juveniles and in excess of 25°C (77°F) for adults (Bell 1991).

The anadromous form of sockeye salmon is currently being reintroduced above the Pelton
Round Butte Project when existing kokanee salmon (landlocked sockeye) find their way to the
Round Butte downstream collection facility. Trapped kokanee salmon are marked and released
downstream of the Pelton-Round Butte Project. Returning adults from these liberations are
then released upstream to spawn naturally in tributaries draining to Lake Billy Chinook or
potentially along the reservoir shoreline. The existing kokanee population spawns primarily in
the Metolius River basin outside of the DBHCP covered lands, but some spawning is reported in
the Deschutes River downstream of Steelhead Falls (RM 128) and in the lower sections of
Whychus Creek. Juvenile rearing and maturation occur within Lake Billy Chinook. Returning
adult sockeye will presumably spawn and rear in a similar fashion. Although sockeye salmon are
not anticipated to use tributary waters within the covered lands to a large extent, their presence
cannot be discounted. As a result, sockeye salmon could have access up to Big Falls at RM 132.0
on the Deschutes River, to a natural falls at RM 37.1 on Whychus Creek, to Bowman Dam at RM
70.5 on the Crooked River, to Ochoco Dam at RM 11.1 on Ochoco Creek, and to various
downstream tributary waters to these locations. Suitable temperature ranges for various life
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Table 1-1.

Water temperature suitability for salmonid fish species covered by the DBHCP.

#/

Water Temperature Suitability (°C)

Species Life History Stage Season
. Stress/
Preference Avoidance . Delay Lethal
Disease
Chinook salmon Adult Migrationl/ May-Aug <19.0 >19.4 ND >21.0 >25.0
SpawningZ/ Aug-Sep 6.0-14.0 <5.6;>16.0 ND >16.0 ND
Incubation® Aug-Feb 45-12.8 <1.7;>14.4 >15.6 ND 13.9-19.4
Juvenile Rearing4/ All Year 7.2-15.6 ND 19.1 ND >22.0
Outmigrations/ Feb-May ND ND ND 17.0-20.0 ND
Sockeye salmon Adult Migrations/ Fall 7.2-15.5 ND ND 18.0-22.8 23.5-24.8
Spawning7/ Fall 8.0-13.0 ND ND ND ND
Incubation® Fall-Winter 4.4-12.7 ND >15.6 ND 16.7-18.3
Juvenile Rearingg/ all year (in LBC) 11.6-14.4 >18.0 <7.2;>23.0 ND 24.4
Outmigration'” Spring >7.0 ND ND <5.0; >12.0 ND
Steelhead trout Adult Migrationn/ Oct-Mar 10.0-12.8 <7.2;>14.4 ND >21.0 >23.9
Spawninglz/ Mar-May 4.0-12.0 <3.9;>94 ND ND >21.0
Incubation™ Mar-Jun 56-11.1 ND >15.0 ND ND
Juvenile Rearing14/ All Year <14.0 >19.0 >22.0 ND ND
Outmigration™ Apr-Jun ND ND ND 12.0-13.6 ND
Bull trout Adult Migration™ Apr-Jun < 15.0 >18.0 ND ND ND
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Water Temperature Suitability (°C)
Species Life History Stage Season”/
. Stress/
Preference Avoidance . Delay Lethal

Disease

Spawning'”/ Aug-Oct 5.6-9.0 >11.0 ND ND ND

Incubation™ Aug-Mar 2.0-6.0 ND >6.0 ND ND

Rearing'” All Year 7.0-15.0 >16.0 >16.0 ND 20.8°Y 23.0%

ND = No Data Reviewed

References:
#) NPCC 2004; PGE 2012
1) California Department of Water Resources 1988
2) Brett1952; McCullough et al. 2001
3) California Department of Water Resources 1988
4) Bjornn and Reiser 1991; Bell 1991
5) Lindsay et al. 1989 in NPCC 2004; McCullough et al. 2001
6) Brett 1952; Brett 1971; Bell 1991; Fies et al. 1998 in NPCC 2004; McCullough et al. 2001
7) Pauley et al. 1989; Bell 1991; Bjornn and Reiser 1991; Fies et al. 1998 in NPCC 2004
8) Reiser and Bjornn 1979; Pauley et al. 1989; Fies et al. 1998 in NPCC 2004; USEPA 2001
9) Donaldson and Foster 1941 ; Brett 1952; Brett 1964 ; Brett et al. 1969; Pauley et al. 1989; Bell 1991
10) Foerster 1968; Hart 1973; McCullough et al. 2001
11) McCullough et al. 2001
12) USEPA 2001
13) Bell 1991; USEPA 2001
14) USEPA 2001
15) McCullough et al. 2001
16) Rieman and Mcintyre 1993; Dunham et al. 2003; USFWS 2012
17) USEPA 2001; USFWS 2012
18) McPhail and Murray 1979; Batt 1996, Brun and Dodson 2000; USEPA 2001
19) McPhail and Murray 1979; Wydoski and Whitney 1979; Weaver and White 1985; Fraley and Shepard 1989; Goetz 1989; Kraemer 1994 Martin

et al. 1992; Brown 1992; Batt 1996; McMahon et al. 1998, 1999, 2000; Myrick 2002; Essig et al. 2003

20) 60-day exposure (McMahon et al. 1999)
21) 7-day exposure (McMahon et al. 1999)

Study 2 - Phase 1 Report, March 2013

Page 4



history stages of sockeye salmon are summarized in Table 1-1. Preferred water temperatures
for sockeye salmon vary with life stage, but generally occur below 13°C (55°F) for spawning,
below 12.7°C (54.9°F) for incubation, and below 14.4°C (58°F) for juvenile rearing (Brett 1952;
Brett et al. 1969; Pauley et al. 1989; Bell 1991; Bjornn and Reiser 1991; McCullough et al. 2001;
and USEPA 2001). The lethal limit lies in excess of 22.0°C (72°F) for rearing juveniles and in
excess of 25°C (77°F) for adults (Bell 1991).

Covered activities with the potential to affect surface water temperature are the storage of
irrigation water, the release of stored irrigation water, the diversion of irrigation water,
operational spills of irrigation water, return of tailwater, discharge of sewage treatment plant
effluent, return of water from a hydroelectric project, and inter-basin transfer of water. The
storage and release of irrigation water occur at five reservoirs covered by the DBHCP (Crescent
Lake, Crane Prairie, Wickiup, Prineville and Ochoco). Temperature effects from water releases
at all five reservoirs are addressed in this report. Diversion of irrigation water occurs at several
dozen locations within the covered irrigation districts. The effects of diversion and storage on
instream water temperature will be addressed in Phase 2 of this study, and are not addressed in
this report.

Diverted irrigation water that is allowed to flow back into a natural river or creek is known as
return flow. Two types of return flow may occur on the covered lands, tailwater and

operational spills. Tailwater is water that has been delivered to irrigated lands and subsequently
returned to a river or creek through surface or shallow subsurface flow. Tailwater may enter a
river or creek directly from irrigated land, or through a drain or canal operated by an irrigation
district. Eightinstances of tailwater are addressed in this report.

Operational spills represent diverted irrigation water that returns to a river or creek without
being delivered to irrigated lands. Operational spills are used to manage flows within district
canals, flush canals, or drain canals during emergencies or at the end of the irrigation season.
The amount of spill varies by irrigation district and is largely a function of system design. Some
districts are able to operate without spilling, while others require spills to maintain reliable
water delivery. Twenty-nine operational spills are evaluated in this report.

One sewage treatment plant discharge operated by the City of Prineville is covered by the
DBHCP and addressed in this report. The seasonal discharge occurs on the Crooked River at RM
46.8, and is covered by a National Pollutant Discharge Elimination System (NPDES) permit.

One hydroelectric project covered by the DBHCP returns water to the Deschutes River, and one
inter-basin transfer of water occurs in the headwaters of Tumalo Creek. Both are also
addressed in this report.

Key terms used in this study are defined below:

Storage: Water stored in any of the five covered reservoirs for later release.
Release: Flows released from storage at any of the five covered reservoirs for use in
irrigation.

Tailwater Return: Water delivered to irrigated lands and subsequently returned to a river or
stream through surface or shallow subsurface flow. Tailwater may enter
surface waters directly from irrigated land, or through a drain or canal
operated by an irrigation district.
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Operational Spill:  Diverted irrigation water that returns to surface waters without delivery to
irrigated lands.

Discharge: City of Prineville’s sewage treatment plant discharge.

This first phase of study is an examination of the potential for each release, return flow,
discharge, or inter-basin transfer to adversely affect surface water temperature based on the
season of flow and estimates of mass balance (quantity of release / return flow, compared to
total flow in the receiving water). The purpose of this phase of Study 2 is to identify those
releases, discharges, returns, and spills with the greatest potential to influence covered fish
species to help focus future assessments. Those releases, discharges, returns and spills with the
potential to adversely affect surface water temperature will be evaluated in greater detail in
subsequent phases of this study.

2.0 Covered Releases, Returns, and Discharges of Water

2.1. Overview

This report addresses the potential effects on surface water temperature associated with the
release of irrigation water from five reservoirs, operation spills of irrigation water at 29
locations, return of tailwater at eight locations, one hydroelectric project tailrace, one municipal
sewage treatment plant discharge, and one small inter-basin transfer of water from Crater Creek
to Tumalo Creek. These activities are summarized in Table 2-1, shown in Figure 2-1, and
described in greater detail below.

2.2. Crescent Creek

2.2.1. Crescent Lake Dam

Crescent Creek is a tributary to the Little Deschutes River. The storage and release of irrigation
water occur at Crescent Lake Dam, a 40-foot high earthen structure at RM 29.0 on Crescent
Creek, about 114 miles upstream of Bend. The dam enlarges a natural lake to form Crescent
Lake Reservoir. The current dam has a crest elevation of 4,847 feet above MSL, a length of 450
feet, an uncontrolled spillway, and concrete outlet works with a capacity of 1,325 cfs. The
reservoir has an active storage capacity of 86,900 acre-feet and a surface area of about 4,008
acres at full pool. The reservoir is generally filled from November through June, and then drawn
down from July through mid-October. Irrigation water released from Crescent Lake is conveyed
down Crescent Creek, the Little Deschutes River, and the Deschutes River until it is diverted at
the Bend (Stiedl) Diversion. Peak releases occur in mid-July through September. According to
Conserved Water Agreement CW-37 between Tumalo Irrigation District and the State of Oregon,
a flow of at least 5 cfs is maintained in Crescent Creek below Crescent Lake Dam at all times.
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Table 2-1. Points of release, return, and discharge of water covered by the DBHCP.

. Maximum
Maximum
Location Rate of Annual
Receiving Water 1 Release / Return Name Release/ Description
(RM) Release/
Return (cfs) Return
(acre-feet)
Crescent Creek 29.0 Crescent Lake Dam 1,325.0 Storage and release of irrigation water
Deschutes River 238.5 Crane Prairie Dam 1,800.0 Storage and release of irrigation water
Deschutes River 226.8 Wickiup Dam 4,000.0 Storage and release of irrigation water
Deschutes River 169.4 Siphon Hydroelectric Project tailrace 640.0 Hydroelectric Project tailrace flow
Lake Billy Chinook 112.1 NUID Lateral 41 Drain 1.1 396.0 Operational spill throughout the irrigation season
Lake Billy Chinook 112.1 NUID Lateral 43 Drain 1.2 432.0 Operational spill throughout the irrigation season
WIHOW Creek to Lake 104.6 NUID Lateral 51 Drain 1.2 432.0 Operational spill throughout the irrigation season
Simtustus
Willow Creek to Lake North Unit Main Canal crossing at . . .
Simtustus 104.6 Willow Creek 100.0 100.0 Operational spill once/year, plus emergencies
Campbell Creek to
Pelton Reregulating 101.7 NUID Laterals 57/59 Drain 1.3 469.0 Operational spill throughout the irrigation season
Reservoir
Deschutes River 97.8 NUID Lateral 63 Drain 1.0 360.0 Operational spill throughout the irrigation season
Deschutes River 94.5 NUID Lateral 64 Drain 1.0 360.0 Operational spill throughout the irrigation season
. . . . 10.
Frog Sprlngs.Creek to 90.1 North Ur'1|t Main Canal terminus at 0.0 3,600.0 Operational spill throughout the irrigation season
Deschutes River Frog Springs (avg.)
Sagebrush Creek to 26/
Trout Creek to 8'7 ) NUID Lateral 58-11 Drain 50.0 10.0 Operational spill once/year, plus emergencies
Deschutes River ’

Study 2 - Phase 1 Report, March 2013 Page 8



Maximum

Maximum
Location Rate of Annual
Receiving Water 1 Release / Return Name Release/ Description
(RM) Release/
Return (cfs) Return
(acre-feet)
Mud Springs Creek to . . .
Trout Creek to 26/ North Ur'nt Main Canal terminus at 5.0 1,800.0 Operational spill throughout the irrigation season
. 87.2 Mud Springs
Deschutes River
Tumalo Creek to 21.7/ . . .
Deschutes River 160 TID ditch release 75.0 During spring snowmelt
Crooked River 70.5 Bowman Dam 3,300.0 Storage and release of irrigation water
Crooked River 49.4 Juniper Canyon flood control channel 8.0 Local tailwater during the irrigation season
Crooked River 16.8 PrlneV|IIe Sewage Treatment Plant 15 Winter dlschfarge as receiving flows permit, as per
discharge NPDES permit.
Crooked River 44.9 McKay Creek confluence 11.0 See description for McKay Creek below
Crooked River 41.0 Lytle Creek confluence 37.2 8,982.4 See description for Lytle Creek below
Crooked River 39.6 The Gap 18.5 2,220.0 Operational spill throughout the irrigation season
Crooked River 34.1 COID Dry Canyon return 64.0 Operational spill from the terr’fnr?us 9f the Central
Oregon Canal throughout the irrigation season
Crooked River 30.2 Ir_;)tnuer:lne Irrigation District Canal 10.0 Local tailwater during the irrigation season
Crooked River 27.7 Lone Pine Delivery Spill 10.0 500.0 Operational spill throughout the irrigation season
(0] tional spill less th I
Crooked River 27.5 North Unit Main Canal crossing 200.0 50.0 pera |on§ spill less than once/year, plus
emergencies
Crooked River 25.0 Pilot Butte Canal J Waste 1.0 Operatlon.al spill less than once/year, plus
emergencies
Crooked River 19.6 NUID Lateral 31 Drain 1.0 360.0 Operational spill throughout the irrigation season
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Maximum

Maximum
Location Rate of Annual
Receiving Water 1 Release / Return Name Release/ Description
(RM) Release/
Return (cfs) Return
(acre-feet)
Crooked River 18.4 NUID Lateral 34 Drain 1.0 360.0 Operational spill throughout the irrigation season
Crooked River 18.0 Pilot Butte Canal H-17 Return 3.0 Operatlon.al spill less than once/year, plus
emergencies
Crooked River 11.9 E;)Srttf;;Jnlt Main Canal return at Mile 100.0 35.0 Operational spill once/year, plus emergencies
Lake Billy Chinook 2.7 NUID Lateral 37 Drain 1.0 360.0 Operational spill throughout the irrigation season
Ochoco Creek 111 Ochoco Dam 90.0 ztrorage and release of irrigation water to Ochoco
Ochoco Creek 6.3 OID D-2 Drain 2.0 Local tailwater during the irrigation season
Ochoco Creek 5.1 Crooked River Diversion Canal spill 75.0 8,010.1 Operational spill throughout the irrigation season
McKay Creek 5.8 Ochoco Main Canal spill Operational spill throughout the irrigation season
McKay Creek 3.9 Dry Creek live flow and spill Live flow plus operational spill
ked River Distributi I spill
McKay Creek 3.2 Crooked River Distribution Canal spi 54.0 3,228.0 Operational spill throughout the irrigation season
at Reynolds
McKay Creek 1.3 OID D-8 Drain Local tailwater during the irrigation season
McKay Creek 1.0 Ryegrass Canal spill 25.0 Operational spill throughout the irrigation season
Lytle Creek 5.7 Grimes Flat West Canal spill Operational spill throughout the irrigation season
Lytle Creek 5.0 Ochoco Main Canal spill Operational spill throughout the irrigation season
Lytle Creek 3.2 OID D-7 Drain Local tailwater during the irrigation season
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Maximum

Maximum
Location Rate of Annual
Receiving Water 1 Release / Return Name Release/ Description
(RM) Release/
Return (cfs) Return
(acre-feet)
Lytle Creek 3.0 Crooked River Distribution Canal spill Operational spill throughout the irrigation season
Lytle Creek 2.3 OID 827 Drain Local tailwater during the irrigation season
Lytle Creek 1.9 OID 825 Drain Local tailwater during the irrigation season
Lytle Creek 1.5 OID 823 Drain Local tailwater during the irrigation season
Lytle Creek 1.3 Ryegrass Canal spill Operational spill throughout the irrigation season

The RM corresponds to the receiving water body in the left column. The RMs for the named reservoirs are derived from the inundated mainstem
river. Two RMs are provided where releases occur into tributaries prior to flowing into mainstem rivers.
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2.3. Deschutes River

2.3.1. Crane Prairie Dam

Crane Prairie Dam is a federally-owned facility located at RM 238.5 on the mainstem Deschutes
River. It is operated by Central Oregon Irrigation District (COID) as a transferred works under
the jurisdiction of Reclamation. The dam has a controlled outlet capacity of 1,800 cfs and an
uncontrolled spillway with a capacity of 2,500 cfs. The reservoir has a storage capacity of 55,300
acre-feet and a surface area of about 4,900 acres at full pool. Reservoir refill is managed to
maximize storage while maintaining relatively uniform flow downstream in the Deschutes River.
This approach is accomplished by monitoring snow pack and streamflow to predict water
availability, and storing only at the rate needed to achieve refill. There is no requirement to
release for instream flow below Crane Prairie Dam, but COID and the other districts storing
water behind the dam have an informal, non-binding agreement with the Oregon Watermaster
to release a minimum of 30 cfs for fish and wildlife purposes.

Irrigation releases from Crane Prairie Reservoir typically begin in April, but the reservoir does
not draft appreciably until late May or early June when irrigation demand begins to exceed the
live flow water rights of the districts. In most years, irrigation releases reach a peak between
200 and 500 cfs in June and July. Releases may be higher in years of abundant water, or they
may be lower in years of limited storage to ensure availability through the end of the irrigation
season. lrrigation releases typically end by early October.

2.3.2.  Wickiup Dam

Wickiup Dam is located at RM 226.8 on the mainstem Deschutes River, approximately 32 miles
southwest of Bend. The project is a federal facility under the jurisdiction of Reclamation. The
dam is a 100-foot high rock-faced earthen structure with a crest elevation of 4,347 feet above
MSL and length of 13,860 feet. The dam has a controlled outlet capacity of 4,000 cfs and the
East Dike has an emergency spillway with a capacity of 5,000 cfs. The emergency spillway is
designed to be used only if the controlled outlet works are inoperative, or in the case of an
unprecedented flood when the reservoir cannot be held below elevation 4,339 feet by the
outlet works alone.

Wickiup Reservoir has a storage capacity of 200,000 acre-feet and a surface area of about
11,200 acres at full pool. The reservoir is operated in coordination with Crane Prairie Dam and
Reservoir, 2 miles upstream. Storage and release are directed by the Oregon Watermaster and
implemented by North Unit Irrigation District (NUID) personnel operating the dam. Reservoir
refill is managed to maximize storage while maintaining relatively uniform flow downstream in
the Deschutes River. This approach is accomplished by monitoring snow pack and streamflow to
predict water availability, and storing only at the rate needed to achieve refill. In accordance
with a requirement established by the Oregon State Engineer in 1952, the flow below Wickiup
Dam is not allowed to drop below 20 cfs. Full pool in Wickiup Reservoir is achieved in about
seven out of ten years.

Irrigation releases from Wickiup Reservoir typically begin by mid-April, but can be delayed until
May or June in wet years. They usually reach a peak of 1,400 to 1,600 cfs in July, although they
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can go higher. Irrigation releases decrease in September, and typically end by mid-October.
NUID does not release water outside the irrigation season specifically for stock runs.

2.3.3.  Siphon Hydroelectric Project

Central Oregon Irrigation District owns and operates the Siphon Hydroelectric Project (FERC
Project No. 3571) on the Deschutes River within the city limits of Bend. The 5.5-megawatt (MW)
project generates power from water diverted out of the Central Oregon Canal. After passing
through the powerhouse, water is returned to the Deschutes River approximately 1.5 miles
downstream of where it is first diverted at the Central Oregon Headworks. Flow to the
powerhouse can be provided by irrigation water destined for diversion at the Pilot Butte
Headworks 4.4 miles downstream of the powerhouse, or by a non-consumptive water right of
640 cfs that allows the Siphon Project to operate outside the irrigation season. The Siphon
Project is operated run-of-river, as COID has no means of storing water for hydropower
generation. The FERC license for the project requires a minimum instream flow of 400 cfs in the
1.5-mile bypass reach. The minimum instream flow, combined with the minimum operating
flow for the project of 75 cfs, means the project only operates when the river flow above the
Central Oregon Canal Headworks is at least 475 cfs. The project operates typically nine to ten
months per year, and may operate year-round in years of high streamflow.

2.3.4. North Unit Irrigation District Returns

The North Unit Irrigation District returns flow to the Deschutes River or tributary streams (other
than the Crooked River) at ten locations (Figure 2-2), including three from the North Unit Main
Canal and seven from laterals. Five of the ten NUID returns enter the Deschutes River at one of
the reservoirs associated with the Pelton Round Butte Project (Lake Billy Chinook, Lake
Simtustus, and Pelton Reregulating Reservoir). Most of the return flows are spills to maintain
proper water levels in the canals throughout the irrigation season. Other return flows are spills
that serve the dual function of flushing the canal at the start of the irrigation season and
draining the canal during emergencies. The largest of these spills occur in Frog Springs and Mud
Springs creeks. Both of these spills return excess canal flow to wetlands near the northern
terminus of the canal. Frog Springs is a natural wetland about 1.5 miles from the Deschutes
River at RM 90.1 that has been enlarged by the addition of irrigation water. The Mud Spring
spill occurs to a man-made wetland along Mud Springs Creek prior to discharging into Trout
Creek at RM 2.6.

2.4. Tumalo Creek

2.4.1.  Crater Creek Ditch

Tumalo Creek is a tributary to the Deschutes River at RM 160, above Big Falls. Crater Creek,
Little Crater Creek, and Soda Creek are seasonal streams that drain into Sparks Lake, an alpine
lake with no surface outlet west of the Tumalo Creek basin. The creeks flow primarily in
response to spring snowmelt. Tumalo Irrigation District diverts a maximum of 75 cfs of Crater
Creek, Little Crater Creek, and Soda Creek flows into a 2-mile ditch that empties into Tumalo
Creek at about RM 21.7, where it is referred to as the Middle Fork of Tumalo Creek (Figure 2-3).
There are no operational spills or other return flows to Tumalo Creek, Crater Creek, Little Crater
Creek, or Soda Creek.
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2.5. Crooked River

2.5.1. Bowman Dam

Arthur R. Bowman Dam is a federal facility that is operated by OID at RM 70.5 on the Crooked
River, approximately 20 miles upstream of Prineville. The dam is an earthfill structure with a
crest height of 182 feet, a crest elevation of 3,264 feet above MSL, and a length of 790 feet. The
outlet has a controlled capacity of 3,300 cfs and the spillway has an uncontrolled capacity of
8,120 cfs. Prineville Reservoir has a total volume of 150,216 acre-feet and a current active
capacity of 148,633 acre-feet as determined by a sedimentation study completed in 1998.
Surface area at full pool is 3,028 acres. Maximum fill capacity is reached in an average of 8 out
of 10 years. Water is released from Prineville Reservoir into the Crooked River at Bowman Dam
for downstream diversion by OID and its patrons. The authorizing legislation for Prineville
Reservoir requires a minimum release of 10 cfs for downstream fish and wildlife habitat. In
1990, Reclamation implemented a nonbinding administrative decision to release a minimum of
75 cfs when doing so does not impact contractual obligations to store and deliver irrigation
water. As a result, minimum releases from Prineville Reservoir are only less than 75 cfs in low-
water years or during periods of dam inspection and maintenance. Releases may drop as low as
30 cfs in drought years.

2.5.2.  Ochoco Irrigation District Returns

OID’s primary direct return to the Crooked River at RM 39.6 is called The Gap (Figure 2-4). This
return is the terminus of the Ochoco Main Canal, where water is spilled throughout the
irrigation season to manage flows within the canal. Monthly average spill during 2006 through
2011 ranged from 3.0 to 8.2 cfs. The maximum daily average spill reported during that period
was 18.5 cfs, which occurred for one day in May 2007. The minimum daily average of 0.1 cfs
was reported for one day each in May 2006 and May 2009.

OID also spills water into two tributaries of the Crooked River (McKay Creek and Lytle Creek) at
multiple locations. These returns are described in Sections 2.7 McKay Creek and 2.8 Lytle Creek.

An estimate of up to 8.0 cfs of tailwater from the OID system and other local sources enters the
Crooked River through the Juniper Canyon flood control channel at RM 49.4. There are no data
on total annual flow in this ditch.

2.5.3.  Central Oregon Irrigation District Returns

Water diverted by COID from the Deschutes River is operationally spilled into the Crooked River
at four locations; one from the Central Oregon Canal and three associated with the Pilot Butte
Canal (Figure 2-5). Water that reaches the end of the Central Oregon Canal is spilled near the
top of Dry Canyon, where it continues as surface and shallow subsurface return flow to the
Crooked River at about RM 34.1, approximately 13 miles downstream of Prineville. Water is
spilled directly from the Pilot Butte Canal throughout the irrigation season to manage the rate of
delivery to the Lone Pine Irrigation District Canal. This water travels a short distance before
reaching the Crooked River at about RM 27.7. Water is also spilled less than once per year from
two Pilot Butte Canal Laterals (J-22 and H-17) to facilitate lowering of the canal for operational
or emergency purposes. These flows reach the Crooked River at RM 25.0 and RM 18.0,
respectively.
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Figure 2.5.  Central Oregon Irrigation District and Lone Pine Irrigation District points of return to
the Crooked River.
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2.5.4. North Unit Irrigation District Returns

NUID has five operational spills into the Crooked River (see Figure 2-2). Water spills from the
North Unit Main Canal for one day each year during annual startup where the canal crosses the
Crooked River (RM 27.5), and for one day or less in some but not all years downstream at Mile
Post 37. Water is also spilled from the Lateral 31 drain (RM 19.6) and Lateral 34 drain (RM 18.4)
as needed throughout the irrigation season. Lateral 37 drains to Lake Billy Chinook at Crooked
River RM 2.7.

2.5.5.  City of Prineville Sewage Treatment Plant Effluent

The current discharge of treated effluent from the City of Prineville’s sewage treatment plant is
allowed under the conditions of NPDES Permit No. 101433; ODEQ Permit No. 973920; and EPA
Permit No. OR0023612 (ODEQ 2003). The NPDES permit allows wintertime discharge of effluent
(November 1 to April 30, annually) to the Crooked River at RM 46.8 when river flows are greater
than 15 cfs. The treatment plant currently generates about 1 mgd (1.5 cfs), but the NPDES
permit limits discharges to a minimum dilution ratio of 15:1 (receiving water volume to
discharge volume). When river flows are insufficient to accept all generated effluent, the excess
is stored in a lagoon at the treatment plant site or used to irrigate uplands.

2.5.6. Lone Pine Irrigation District Canal Return

The Lone Pine Irrigation District (LPID) main canal terminates near the Crooked River at RM 30.2.
This return is the only point of return for the district. The water, categorized as tailwater,
collects in a seepage pond prior to outflowing through pumiced bedrock. It drops in stages
approximately 10 feet to the rocks below the outlet before flowing into the Crooked River. The
maximum return is approximately 10 cfs. However, this spill is the highest at the beginning and
end of the irrigation season (Figure 2-6). During the warmest part of the season, the maximum
tailwater returns are on the order of 6 cfs.

2.6. Ochoco Creek

2.6.1. Ochoco Dam

Ochoco Dam is an earthfill structure owned and operated by OID at RM 11.1 on Ochoco Creek,
approximately 6 miles east of Prineville. It has a crest height of 125 feet, a crest elevation of
3,131 feet above MSL, and a length of 1,350 feet. The outlet has a controlled capacity of 430 cfs
and the spillway has an uncontrolled capacity of 30,000 cfs at reservoir elevation 3,143.0 feet.

Ochoco Reservoir has a total volume of 44,330 acre-feet and an active storage capacity of
43,520 acre-feet, but 5,266 acre-feet of the active storage are only accessible by pumping. At
full pool, the reservoir has a surface area of approximately 1,060 acres. On average, it reaches
full pool in only about 4 years out of 10 because Ochoco Creek flow consists almost entirely of
snow melt and surface runoff that are quite variable from year to year. Water released from
Ochoco Reservoir is diverted directly into the Ochoco Main Canal, where some water is
subsequently returned to Ochoco Creek for downstream diversion by OID and others. In recent
times, the State of Oregon, through the Deschutes River Conservancy, has annually leased water
from OID to provide between 7 and 10 cfs of instream flow during the summer months.
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Figure 2-6. Proportion of Lone Pine diversion lost as tailwater during the

2005 irrigation season.
Source: Fitzpatrick (2005).

2.6.2.  Ochoco Irrigation District Returns

The Crooked River Diversion Canal crosses Ochoco Creek at RM 5.1. Water is spilled from the
canal into the creek at this location throughout the irrigation season to manage flows within the
canal (Figure 2-7). Monthly average spill during 2006 through 2011 ranged from 10.0 to 33.5
cfs. The maximum daily average spill reported during that period was 75.0 cfs, which occurred
for a total of three days in June and July of 2007, and the minimum daily average was 4.0 cfs
during one day in May 2007.

The D-2 drain conveys local tailwater to Ochoco Creek at RM 6.3. Average monthly return flow

data for the drain are not available.

2.7. McKay Creek

McKay Creek is a fish-bearing tributary to the Crooked River at RM 44.9. The creek receives
return water at five locations within Ochoco Irrigation District (Figure 2-8; Table 2-1), including

four operational spills and one drain, as described below.

2.7.1.  Ochoco Main Canal Spill

The Ochoco Main Canal spills into McKay Creek at Jones Dam (RM 5.8) during the irrigation
season. Average monthly return flow data for the spill are not available.
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2.7.2.  DryCreek Live Flow and Spill

Dry Creek carries live flow and irrigation spills into McKay Creek at RM 3.9. Average monthly
flow data for Dry Creek are not available.

2.7.3.  Crooked River Distribution Canal Spill

The Crooked River Distribution Canal spills into McKay Creek at the Reynolds Siphon (RM 3.2)
during the irrigation season. Monthly average return flow at the spill during 2006 through 2011
ranged from 0.25 to 45.3 cfs. The maximum daily average spill reported during that period was
54.0 cfs during three days during April 2007, and the minimum daily average was 0.1 cfs during
one day each in May and July 2007.

2.7.4. D-8 Drain

The D-8 drain conveys local tailwater to McKay Creek at RM 1.3. Average monthly return flow
data for the drain are not available.

2.7.5.  Ryegrass Canal Spill

The Ryegrass Canal spills into McKay Creek at the Pine Products Siphon (RM 1.0) during the
irrigation season. Monthly average return flow at the spill during 2006 through 2011 ranged
from 7 to 11 cfs. The maximum monthly average spill reported during that period was 25 cfs
during irrigation start up in April 2007, and the minimum monthly average was 0.3 cfs during
August of the same year.

2.8. Lytle Creek

Lytle Creek collects return water at four operational spills and four drains before flowing into
the Crooked River at RM 41.0 (see Figure 2-4). The operational spills are at Grimes Flat West
Canal (RM 5.7), Ochoco Main Canal (RM 5.0), Crooked River Distribution Canal (RM 3.0), and

Ryegrass Canal (RM 1.3). The four drains, located between RM 1.5 and RM 3.2, are known as
823, 825, 827 and D7.

Lytle Creek is generally dry above the OID boundary. Within the district, it flows year round.
The majority of flow within district is operational spill and return water during the irrigation
season, but a small amount off spring-fed live flow emerges from the D7 drain a short distance
above Highway 26 throughout the year. Monthly average flow in Lytle Creek below Ryegrass
Canal during the irrigation seasons of 2006 through 2011 ranged from 9.4 to 28.6 cfs. The
maximum daily average flow reported during that period was 37.2 cfs, which occurred for one
day in June 2006. The minimum daily average was 1.2 cfs during one day in July 2007.

Salmonids likely have physical access to portions of Lytle Creek affected by the covered return
flows, although fish use is uncertain. StreamNet (2012) reports man-made blockages to
upstream fish passage in Lytle Creek at U.S. Highway 26 (RM 2.7) and Fisher Joe Reservoir (RM
6.4).
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3.0 Methods

3.1.  Screening Evaluation of Points of Returns

Since water temperature is a physical variable with conservative properties, assessing the
thermal condition following complete mixing of two water bodies can occur using a mass-
balance approach. For this initial screening assessment, low summer flow and temperature
conditions of the receiving water where covered species potentially exist are compared to the
volumes and temperatures of covered spills and returns at the points of return.

Receiving water flow conditions are derived from the network of stream gages in the Deschutes
River Basin, or from irrigation district flow records where no gages are present. The lowest
mean monthly flow on record for the May to September time period is used as a representative
low flow condition (Table 3-1). Water temperatures for the receiving waters are generated from
longitudinal thermal infrared imaging profiles for the Deschutes and Crooked rivers, and for
Ochoco and Tumalo creeks (Watershed Sciences 2006; Watershed Sciences and Max Depth
Agquatics 2008) and from regional temperature data collection efforts reported by ODEQ, UDWC,
the CRWC, and other data records. Temperature data for other receiving water tributaries are
derived from representative peak summer monitoring results at various water temperature
stations in the basin (Table 3-1). Where specific temperature data are lacking for a stream
segment, the mass-balance equation is used to predict the temperature level needed in either
the tributary or return water to trigger a measurable thermal response of greater than £ 0.25°C
in the receiving water.

Water temperatures in the Upper Deschutes River basin are generally in excess of biological
thermal criteria except where springs or cool reservoir water releases have an influence on
downstream water temperature regimes. Such cool water conditions prevail in the following
stream reaches:

e Deschutes River downstream of Steelhead Falls between RM 128 and RM 120.0.
e  Whychus Creek downstream of Alder Springs between RM 1.6 and RM 0.0

o Crooked River downstream of Bowman Dam between RM 70.5 and RM 57.0

e Crooked River downstream of Hwy 97 between RM 12.0 and RM 0.0

For these cool water situations, inflowing water volumes generally need to be more than 10
percent of the volume of the receiving water to have a material influence on the downstream
thermal regime (Brown 1969; Caldwell et al. 1991; Sugden et al. 1998). Where surface waters
exceed biological temperature criteria, the ODEQ specifies anti-degradation of current
conditions under OAR 340-041-004 and an insignificant temperature increase of less than 0.30°C
as a human use allowance under OAR 340-041-0028(11) and (12). Based on the capabilities of
most monitoring equipment, the minimum measurable change in water temperature is
generally regarded as + 0.25°C (USEPA 2001). As a result, the municipal discharges and
irrigation releases and returns evaluated in this report will be considered as having potential for
an adverse effect if: 1) they occur on the order of 10 percent or more of the receiving water
volume, or 2) they flow into receiving waters that exceed biological criteria and the worst-case
evaluation has the ability to increase ambient receiving water temperatures by 0.25°C or more.
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Table 3-1.

in receiving waters during the irrigation season.

Representative low flow and high temperature conditions at gages and other locations

Gage Representative | Representative
Monthly Maximum Time Source
Minimum Flow Temperature Period”
Name Number (cfs) (°C)
Deschutes River
Crescent Cr @ Dam 14060000 0 ND 1928 -1991 USGS (2012)/OWRD (2013)
DR blw Crane Prairie 14054000 14 ND 1922 -1991 USGS (2012)/OWRD (2013)
DR blw Wickiup 14056500 476 15.5 1942 -1991 USGS (2012)/OWRD (2013)
DR blw Bend 14070500 19 17.9 1956 —1991 USGS (2012)/OWRD (2013)
Tumalo Cr nr Bend 14073000 3 17.8 1972 -1986 USGS (2012)
Z:nmjlc’ Cr+ColSo. | 14073001 39 ND 1923 - 1987 USGS (2012)
DR @ Lower Bridge 14074630 34 26.6 1994 - 1997 USGS (2012)
Whych
Sistz; us Cror 14075000 51 14.3 1906 -1994 | USGS (2012)/OWRD (2013)
1952 -2011
DR @ Culver 14076500 430 15.2 USGS (2012)
2005 -2011
DR @ Madras 14092500 |14092%)015 15.8 1924 - 2012 USGS (2012)/0ODEQ (2013)
Trout Creek blw Reclamation Hydromet
Amity Cr 14093600 0 ND 1965 -1991 (2013)
Mud Springs Cr nr 14095250 6 17.5 1999 — 2011 Reclamation Hydromet
Gateway (2013)
Trout Creek nr Recl tion Hvd t
Gateway 14095255 7 ND 1999 — 2011 eclamation Hydrome
(2013)
Lower Crooked River
CR nr Prineville 14080500 67 12.4 1960 - 1991 USGS (2012)
CR nr Prineville 14080500 67 12.4 1991 -to OWRD (2013)/ PNCC (2004)
Current
CR blw Peoples 30 19.0 2005 Watershed Sciences (2006)
CR nr the Gap 60 24.2 2005 - 2007 La Marche (2007)/0ODEQ
(2012)
La Marche (2007)/0ODEQ
CR @ Dry Canyon 60 18.7 2005 - 2010 LASAR # 32471
CR @ Lone Pine Cr. 60 22.0 2005 Watershed Sciences (2006)
CR@T b 1967 —-1973 USGS (2012)
errebonne
/Smith Rocks 14087300 12 22.0 1993 - 2011 OWRD (2013)
2006 —-2013

Reclamation Hydromet
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Gage

Representative

Representative

Monthly Maximum Time Source
Minimum Flow Temperature Period”
Name Number (cfs) (°C)
2005 (2013) Watershed Sciences
(2006)
2003 -2011 USGS (2012
CR @ Osborne 14087380 104 19.6 (2012)
Canyon 2003 - 2006
. 1961 - 2011 USGS (2012)
CR blw Opal Springs 14087400 1122 13.8
2005 - 2006
Cr nr Culver 14087500 970 13.8 1917 - 1963 USGS (2012)
Ochoco Creek
1920-2011 OWRD (2013)
Ochoco Cr blw Res 14085300 9 16.8 Reclamation Hydromet
2005 (2013) Nielsen-Pincus (2008)
Ochoco Cr @ RM 6.3 6 20.0 ODEQ LASAR # 32568
Crooked River 2005 ODEQ LASAR # 32495
. . . 10 16.2
Diversion Canal Spill
Ochoco Cr @ RM 5.1 16 17.4 2005 ODEQ LASAR # 32518
McKay Creek
McKay Cr nr OWRD (2013) Reclamation
Prineville d/s of 14086000 0 22.2 1924 -1932 Hydromet (2013) ODEQ
Allen Cr. LASAR # 34180
ODEQ LASAR # 32518
McKay Cr @ Hwy 26 9 22.8 2005

Nielsen-Pincus (2008)

1) Date ranges for flow (top) and temperature (bottom) when multiple ranges are provided
ND = No Data Reviewed

3.2.

Cumulative Effects

The scientific literature varies with respect to the extent and magnitude of downstream thermal
recovery once streams have been warmed by various land use activities. An understanding of
this complex phenomenon is difficult because streams naturally warm in a downstream
direction, even in the absence of external heat inputs (Sullivan et al. 1990; Zwieniecki and
Newton 1999; Dent et al. 2008). According to the physics of stream heating, water
temperatures move toward a fixed equilibrium with the surrounding ambient conditions as a
function of stream width and depth, local air temperature (including effects of elevation),
riparian canopy levels, and groundwater inflow (Theurer et al. 1984; Adams and Sullivan 1990,
Sullivan et al. 1990). Heat inputs result from solar radiation, channel substrate heat loading
(conduction), and air temperature that is greater than the water temperature (convection).
Heat losses occur from evaporation, air temperature that is less than the water temperature
(convection), channel bed conduction if the bed is cooler than the water column, and surface
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water/groundwater interactions. Over any stream length, heat will be retained as it flows
downstream in the water column only if the heat inputs are greater than the heat losses. Water
temperatures are in equilibrium when heat input balances heat loss (Theurer et al. 1984).

Any stream section where temperature rises or falls because of environmental disturbance or a
change in energy sources can be considered a temperature transition reach where surface water
temperatures are out of equilibrium (Zwieniecki and Newton 1999). For example, a warm
thermal discharge that adds sufficient volume and heat to the stream is a reach of stream in
transition, if a temperature rise is accelerated more than normal. As described above, when the
heat loading is reduced, the stream will return to equilibrium shortly downstream.

For large, low elevation streams the thermal increases and decreases in response to changes in
heat loading are slow compared to small headwater streams. The rate of change is a function of
channel surface area, mean depth, water velocity, and other local hydrological characteristics
(Adams and Sullivan 1989; Sullivan et al. 1990; Caldwell et al. 1991).

Important factors found to influence the distance required for downstream thermal recovery
include the volume of water and its velocity, which are affected by channel features and slope;
and the position of the stream within the channel network. The potential for upstream
temperature increases to affect downstream water temperatures is limited by the cooling
effects associated with tributaries, hyporheic exchange, heat conduction to the streambed,
evaporative cooling, and groundwater exchange (Moore et al. 2005). Large and deep streams
take longer to equilibrate with ambient conditions than small streams because of thermal
inertia (Adams and Sullivan 1989). Sullivan et al. (1990) calculated that temperature equilibrium
following a thermal disturbance was established in 2,000 feet or less for moderately-sized
streams (less than 2 feet deep and less than 75 feet wide). In many studies, observed stream
temperatures cooled over shorter distances (200 to 2,000 feet) depending on stream size.
Larger streams were projected to recover to base temperatures at distances between 5,000 and
6,000 feet (Schloss 1985; La Marche et al. 1997; Sansone and Lettenmaier 2001). The various
study results provide a large range of thermal response distances. The variability of the study
results is likely due to the various site-specific conditions inherent in each of the studies that
influence the ability of streams to come to thermal equilibrium. Based on these studies and the
general characteristics of the channel networks within the covered lands, the thermal
assessment in this study uses a relatively conservative approach in accordance with large stream
sizes and treats any points of return within a mile of each other (5,280 ft) as contributing to the
potential for cumulative effects. These returns are assessed jointly rather than individually with
the receiving water.

4.0 Results

4.1. Potential Effects of Releases, Return Flows, and Discharges on
Surface Water Temperature

4.1.1. Crescent Creek
4.1.1.1. Crescent Lake Dam

The first point where covered fish species, specifically steelhead trout, are encountered in the
Upper Deschutes River lies downstream of Big Falls at RM 132. Crescent Lake Dam is located
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approximately 147 miles upstream of this point. Stream flow and water temperatures in
Crescent Creek have negligible potential to increase water temperatures beyond the threshold
of effect for surface waters and covered species downstream of Big Falls.

The influence of storage and release operations on river flows and water temperatures in the
upper Deschutes River systems are moderated by spring-fed flows between the Lower Bridge
and Culver (RM 133 to RM 122) on the Deschutes River. An example of the overall summer
warming trend apparent in longitudinal river temperatures in the Deschutes River between
Bend and Big Falls (RM 167 to RM 132) is offset with spring water entering the Deschutes
between the Lower Bridge and Steelhead Falls (RM 133 to RM 128) as shown in Figure 4-1 (after
Watershed Sciences and MaxDepth Aquatics 2008). The thermal infrared study reports 16
inputs of cold water between Big Falls and the inlet to Lake Billy Chinook (RM 132 — RM 120).
Water temperatures near Culver rarely exceed 16°C during peak summer months (Reclamation
2003). As shown in Table 3-1, groundwater infusion adds nearly 400 cfs (92%) of inflow to the
river on a worst-case basis, between the flow gages at the Lower Bridge and at Culver. Asa
result, groundwater inflow regulates the temperature of the Deschutes River upstream of Lake
Billy Chinook for 12 miles.
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Figure 4-1. Thermal infrared (TIR) temperature profile of the Deschutes River

upstream of Lake Billy Chinook.
Source: Watershed Sciences and Max Depth Aquatics (2008).

4.1.2. Deschutes River
4.1.2.1. Crane Prairie Dam

Water leaving Crane Prairie reservoir enters Wickiup Reservoir, about 2 miles downstream.
Crane Prairie Dam is approximately 97 miles upstream of Big Falls, the first point at which
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covered fish species are encountered. Stream flow and water temperatures released at Crane
Prairie Dam have negligible potential to increase water temperatures beyond the threshold of
effect for surface waters and covered species downstream of Big Falls since groundwater
dominates the thermal regime and masks the influence of irrigation storage and release on
surface water temperatures downstream of RM 132.

4.1.2.2. Wickiup Dam

As noted above, Wickiup Dam is approximately 95 miles upstream of Big Falls, the first point at
which covered fish species are encountered. Stream flow and water temperatures released at
Wickiup Dam have negligible potential to increase water temperatures beyond the threshold of
effect for surface waters and covered species downstream of Big Falls since groundwater
dominates the thermal regime and masks the influence of irrigation storage and release on
surface water temperatures downstream of RM 132.

4.1.2.3. Siphon Hydroelectric Project

The Siphon Hydroelectric Project tailrace is approximately 38 miles upstream of Big Falls, the
first point at which covered fish species are encountered. Stream flow and water temperatures
at the Siphon Hydroelectric Project tailrace have negligible potential to increase water
temperatures beyond the threshold of effect for surface waters covered species downstream of
Big Falls since groundwater dominates the thermal regime and masks the influence of irrigation
storage and release on surface water temperatures downstream of RM 132.

4.1.2.4. North Unit Irrigation District Returns

NUID Lateral 41 and 43 Drains

Both of these drains enter Lake Billy Chinook at RM 112.1, within the distribution range of
covered fish species. The maximum return flows are slightly more than 1 cfs each. The
combined maximum flow of both drains (2.3 cfs) is only 0.08 percent of the lowest mean
monthly summer through-flow at Round Butte Dam (2,750 cfs). This conservative mixing ratio
does not account for the total volume of water in Lake Billy Chinook, simply the water flowing
past the drains. A return flow of this volume would be insufficient to increase the receiving
water in Lake Billy Chinook by 0.25°C.

NUID Lateral 51 Drain and North Unit Main Canal Crossing at Willow Creek

These returns occur into Willow Creek, which subsequently drains into Lake Simtustus at RM
104.6 of the Deschutes River, upstream of the Pelton Hydroelectric Dam. The anadromous fish
restoration plan is currently set up to trap upstream migrants at the reregulating dam (RM 100),
and to transport and release the migrants upstream of Round Butte Dam (RM 110.6) into Lake
Billy Chinook. As a result, only bull trout and juvenile downstream migrants (migratory smolt
life stages) of covered fish species released from the fish collection facility in Lake Billy Chinook
are present in Lake Simtustus. None of the covered species are anticipated to occur in Willow
Creek.

The maximum rate of return flow from the Lateral 51 drain, rated as 1.2 cfs, is only 0.04 percent
of the lowest mean monthly summer through-flow at the reservoir of 3,015, as represented at
the Deschutes River at Madras gage (USGS gage 14092500 data). As noted for the Lateral 41
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and 43 drains, a return flow of this volume is insufficient to increase the temperature of the
receiving water in Lake Simtustus by 0.25°C.

Although the maximum potential spill from the Main Canal of 100 cfs at Deschutes RM 104.6 is
of considerable volume, the spill generally occurs infrequently (once per year) during irrigation
startup in April. This return coincides with the spring smolt outmigration period for covered fish
species, but it is unlikely to have the potential to increase the surface water temperatures of the
reservoir or the Deschutes River by 0.25°C. Assuming no accretion in river flow between RM
110 and RM 100, the lowest mean monthly flow in this reach of the Deschutes River during April
at the Madras gage is 3,602 cfs, with a maximum monthly temperature of 9.7°C (USGS gage
14092500 data). The temperature of the return flow would need to be approximately 19.0°C in
April to show a measureable effect on lake or river temperatures, as shown in Equation 1.

Eqn.1: X°C=[(9.95°Cx 3,702 cfs) - (9.70°C x 3,602 cfs)]/100 cfs
X°C=18.96°C

Where: X°Cis the temperature in degrees Celsius of the canal return needed to
generate a measureable temperature increase of 0.25°C in water released at
Pelton Dam.

Since solar heating is low during the month of April and the main canal is narrow and deep,
thermal increases in the canal between the intake and spill into Lake Simtustus are expected to
be minimal and not in the range of doubling the ambient water temperature. The return is
unlikely to have the potential to increase the surface water temperatures of the reservoir or the
Deschutes River by 0.25°C.

NUID Laterals 57/59 Drain

The drain for Laterals 57 and 59, with a maximum rate of return flow of 1.3 cfs, is located in
Campbell Creek, which subsequently drains into the Pelton Reregulating Reservoir at RM 101.7
of the Deschutes River. Similar to Lake Simtustus, only outmigrating smolts of covered species
are present in the reservoir, and none are anticipated in Campbell Creek.

The lowest mean monthly summer through-flow at the reservoir, as represented at the
Deschutes River at Madras gage, is 3,015. The return of 1.3 cfs represents 0.04 percent of the
reservoir through-flow and would not have the potential to increase the surface water
temperatures of the reservoir or the Deschutes River by 0.25°C.

NUID Lateral 63 and 64 Drains

Lateral drains 63 and 64 occur directly into the Deschutes River at RM 97.8 and RM 94.5,
respectively, downstream of the Pelton Round Butte Project. The flow of each return is 1.0 cfs
(Table 2-1), or 0.03 percent of the lowest mean monthly flow in the river in this reach of the
river during the summer of 3,011 cfs. As noted above, a return flow of this volume is insufficient
to increase the temperature of the receiving water by 0.25°C.

North Unit Main Canal Terminus at Frog Springs

The northern terminus of the Main Canal returns excess canal flow to Frog Springs, a natural
wetland about 1.5 miles from the Deschutes River at RM 90.1. This reach of the Deschutes River
is used by all life history stages of the covered fish species. The wetland has been enlarged by
the addition of irrigation water and the typical canal inflow to the wetland during the summer
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months is estimated to be around 10 cfs with a maximum of 50 cfs (Britton, M. NUID, pers.
comm. March 4, 2013). The lowest mean-monthly summer receiving flow at this point in the
Deschutes River is 3,015 cfs, USGS gage 14092500 data) and a representative high water
temperature is 15.8°C (Lamb, B. ODEQ, pers. comm. Feb, 2013).

Assuming outflow from the Frog Springs wetland to the Deschutes River is commensurate with
the main canal inflow, the typical return represents 0.3 percent and the maximum return
represents 1.7 percent of low summer flow in this reach of the Deschutes River. The releases do
not have the potential to increase the surface water temperatures of the Deschutes River by
0.25°C or more. As shown in Equations 2a and 2b, return temperatures between approximately
31.1°C and 91.4°C would be needed to exhibit a measureable effect on Deschutes River summer
temperatures for the maximum and typical main canal returns to Frog Springs, respectively.

Eqn.2a:  X°C=(16.05°C x 3,025 cfs) - (15.80°C x 3,015 cfs)/10 cfs
X°C=91.4°C

Eqn.2b:  X°C=(16.05°C x 3,065 cfs) - (15.80°C x 3,015 cfs)/50 cfs
X°C=31.1°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.

Outflow temperatures from the Frogs Springs wetland between 31.1°C and of 91.4°C are
unlikely.

NUID Lateral 58-11 Drain and North Unit Main Canal Terminus at Mud Springs

The Lateral 58-11 drain returns operational spill of approximately 50 cfs once a year to
Sagebrush Creek. Sagebrush Creek flows into Mud Springs Creek, which flows into Trout Creek
at RM 2.6, which subsequently flows into the Deschutes River at RM 87.2. The terminus of the
North Unit Main Canal returns excess canal flow on the order of 5 cfs throughout the irrigation
season to a man-made wetland area prior to flowing directly into Mud Springs at RM 0.5.

All life history stages of summer steelhead trout are known to use Trout Creek, where they
usually spawn from January through mid-April. The presence of covered fish species in
Sagebrush Creek and Mud Springs Creek is unknown, but cannot be dismissed.

Available stream flow and temperature data for Trout Creek are limited. Annual flows in Trout
Creek have been monitored by the OWRD at two gage locations, one below Amity Creek near
Ashwood, OR, between 1966 and 1991 and one at Clemons Driver near Gateway, OR from 1999
to date. The gage below Amity Creek is located well upstream of the confluence of Trout Creek
and Mud Springs Creek, while the one near Gateway is immediately downstream of the Mud
Springs Creek inflow.

Seasonal precipitation patterns result in Trout Creek flows at the Gateway gage that peak in late
winter and early spring, and rapidly diminish to low flows during the summer months. The
minimum monthly flow during the month of April was 39.3 cfs, with a 100.5 cfs average,
between 1999 and 2011. The minimum monthly summer low flow was 6.9 cfs, while averaging
39.3 cfs, over the same time period.

Mud Springs Creek exhibits an unusually constant hydrograph compared to most other streams
in the drainage. Flows at the OWRD gage in Mud Springs Creek near Gateway generally vary no
more than 10 cfs in any season and provide nearly 10 cfs naturally, suggesting that the system is
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spring-fed. The minimum monthly flow during the month of April was 8.7 cfs, with a 100.5 cfs
average, between 1999 and 2011. The minimum monthly summer low flow was 6.4 cfs, while
averaging 10.1 cfs, over the same time period. Live flow from Mud Springs Creek combined with
seasonal irrigation returns carried by Mud Springs and Sagebrush creeks provides most of the
summer/fall flow in lower 2.6 miles of Trout Creek (WPN 2002).

Water temperatures in Trout and Mud Springs creeks during the month of April are typically
below 10°C (Hammond et al. 2009). By late May, water temperatures usually exceed biological
criteria and can remain high in both creeks through October. The entire length of Trout Creek is
listed as water quality limited because of temperature (ODEQ 2010).

A return of 50 cfs from the Lateral 58-11 Drain during the spring exceeds the lowest reported
monthly flows in April for both Mud Springs (5.7x) and Trout (1.3x) creeks, and would be
sufficient to have a thermal influence on the creeks. Similarly, the addition of 5 cfs from the
North Unit Main Canal throughout the irrigation season is sufficient to influence surface water
temperatures in Mud Springs Creek (with a lowest monthly flow of 6.4 cfs) and Trout Creek as
well (with a lowest monthly flow of 6.9 cfs). Depending on the temperatures of water in the
creeks and the canal, the return flow could either increase or decrease surface water
temperatures in the receiving water. Since covered fish species have access to Trout Creek and
potentially the other tributary streams during the irrigation season, the temperatures of the
return water, Sagebrush Creek, Mud Springs Creek, and Trout Creek should be reviewed more
completely during the Phase 2 assessment. At least one full irrigation season of data is needed
on the rate and temperature of the return flow and the receiving water response.

In contrast, the effect of the 50 cfs return flow on temperature would be immeasurable where
Trout Creek enters the Deschutes River. Assuming no accretion in river flow between RM 100
and RM 87.2, the lowest mean monthly flow in this reach of the Deschutes River during April at
the Madras gage would be is 3,602 cfs, with a reported maximum monthly temperature during
April of 9.7°C since 1978 (USGS gage 14092500 data). The 50 cfs return flow, in combination
with a low streamflow of 39.3 cfs in Trout Creek during April, represent only 2.5 percent of the
river flow in this case, and would be incapable of increasing river temperatures by 0.25°C as
shown under the assumptions included in Equation 3. The resulting temperature in the
Deschutes River should remain within the preferred ranges for the covered fish species in the
spring (Table 1-1).

Eqgn. 3: X°C =(10.0°C x 89.3 cfs) + (9.70°C x 3,602 cfs)/3,691.3 cfs

X°C=9.71°C
Where: X°C is the resulting temperature of two mixed water bodies in degrees

Celsius.

The combined temperature of the return flow and Trout Creek would have to be on the order of
20°Cin April to record a measureable increase in Deschutes River thermal conditions under this
situation as shown in Equation 4.

Eqn. 4: X°C =(9.95°C x 3,692.3 cfs) + (9.70°C x 3,602 cfs)/89.3 cfs
X°C=20.1°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.
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4.1.3.  Tumalo Creek
4.1.3.1. Crater Creek Ditch

Water from the inter-basin transfer via the Crater Creek ditch enters Tumalo Creek at
approximately RM 21.7, and is diverted again at the Tumalo Creek Diversion, approximately 31
miles upstream of Big Falls. Stream flow and water temperatures in Tumalo Creek have
negligible potential to increase water temperatures beyond the threshold of effect for surface
waters and covered species downstream of Big Falls. Groundwater dominates the thermal
regime and masks the influence of irrigation storage and release on surface water temperatures
downstream of RM 132. Flows from the Crater Creek ditch to Tumalo Creek do not to have the
potential for a measurable thermal effect on covered fish species.

4.1.4. Crooked River
4.1.4.14. Bowman Dam

Releases from Bowman Dam (RM 70.5) occur at depth (123 feet; 37.5m below normal pool
elevation) in Prineville Reservoir and are relatively cool (Figure 4-2). This release comprises 100
percent of the downstream flow between the dam and the Crooked River Diversion at RM 57.
Cold-water reservoir releases influence water temperatures in the Crooked River below
Bowman Dam. Summer water temperatures average 8.3°C to 10.0°C with a reported high
temperature of 12.4°C (NPCC 2004). The cold-water releases during summer months
substantially improve fish habitat in this reach compared to temperatures prior to reservoir
construction (Stuart et al. 1996), and have created a coldwater tailrace fishery. The resulting
water temperatures are suitable for all life history stages of covered species. Existing flow
releases from Bowman Dam do not to have the potential for an adverse thermal effect on
covered fish species.

Thermal Stratification of Prineville Reservoir
(July 2004)
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Figure 4-2. Example of Prineville Reservoir thermal stratification— July
2004. Source: Reclamation WQ data
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4.1.4.2. Ochoco Irrigation District Returns

Juniper Canyon Flood Control Channel

The Juniper Canyon flood control channel flows into the Crooked River at RM 49.4. The daily
average flow in the channel is roughly 1 to 2 cfs, and the maximum capacity of OID pumps that
contribute to the channel is 8 cfs. The summer water temperature of this return is unknown.
The lowest mean monthly summer flow at this point in the Crooked River is 30 cfs. A
representative high summer temperature is on the order of 19.0°C (Figure 4-3) (Watershed
Sciences 2006). This temperature is above the preferred ranges for the covered fish species. A
maximum return of 8 cfs represents 27 percent of low summer flow in the Crooked River, and
has the potential to increase the surface water temperatures by 0.25°C or more. As shown in
Equation 5a, a return temperature of approximately 20.2°C with a return flow of 8 cfs could
exhibit a measureable effect on Crooked River temperatures.

Eqn. 5a: X°C=[(19.25°C x 38 cfs) - (19.00°C x 30 cfs)]/8 cfs
X°C=20.19°C

Where:  X°Cis the temperature in degrees Celsius of the return needed to generate a
measureable temperature increase of 0.25°C in the receiving water.

If the Juniper Canyon return flow were closer to the average of 2 cfs, a return temperature of
23.0°C could still exhibit a measureable effect on Crooked River temperatures, as shown in

Equation 5b.
Eqn. 5b:  X°C=[(19.25°C x 32 cfs) - (19.00°C x 30 cfs)]/2 cfs
X°C=23.00°C
Where: X°Cis the temperature in degrees Celsius of the return needed to generate

a measureable temperature increase of 0.25°C in the receiving water.

The probability of the return water exceeding 23°C is unknown, but within the realm of
possibility. According to OID, Juniper Canyon may have groundwater contribution that could
minimize any thermal influence of the return water. Since, the typical return from Juniper
Canyon to the Crooked River has an unknown potential and the maximum return capacity has a
likely potential for a thermal effect on covered fish species, water temperatures and return
flows for the Juniper Canyon return and the Crooked River at RM 49.4 should be reviewed more
completely during the Phase 2 assessment. At least one full irrigation season of data is needed
on the rate and temperature of the return flow and the receiving water response.

Ochoco, McKay, and Lytle Creeks

OID returns to Crooked River tributaries consisting of Ochoco, McKay, and Lytle creeks are
described and evaluated below in Sections 4.1.5, 4.1.6, and 4.1.7, respectively.
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Figure 4-3. Thermal infrared (TIR) temperature profile of the Crooked River upstream of Lake
Billy Chinook. Source: Watershed Sciences (2006).

The Gap

OID’s primary direct return to the Crooked River at RM 39.6 is called The Gap. This return is the
terminus of the Ochoco Main Canal, where water is spilled throughout the irrigation season to
manage flows within the canal. Monthly average spill during 2006 through 2011 during the
irrigation season ranged from 3.0 to 8.2 cfs. The maximum daily average spill reported during
that period was 18.5 cfs during early May. Water temperatures for this return are unknown, but
the canal is known to pick up groundwater seepage as it traverses the hill slope.

The typical low mean monthly summer flow at this point in the Crooked River is on the order of
60 cfs after picking up various tributary and groundwater inflows (La Marche 2007). The 7-day
maximum temperature during the summer of 2005 was 24.2°C (ODEQ 2005), which is above the
preferred temperature ranges for the covered fish species. The maximum daily return flow at
the Gap represents 31 percent of low summer flow in this reach of the Crooked River and has
the potential to increase the surface water temperatures by 0.25°C or more. As shown in
Equation 6, a return temperature of approximately 25.3°C during the maximum daily average
spill could exhibit a measureable effect on Crooked River summer temperatures.

Egn. 6: X°C=1[(24.45°C x 78.5 cfs) - (24.20°C x 60 cfs)]/18.5 cfs
X°C=25.26°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.
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The probability of the return water exceeding 25.3°C is unknown, but within the realm of
possibility. It is also possible groundwater contribution could minimize the thermal influence of
the return water. The maximum daily average return flow from the Gap to the Crooked River
has the potential for a thermal effect on covered fish species. Water temperatures and return
flows for the Gap and the Crooked River at RM 39.6 should be reviewed more completely during
the Phase 2 assessment. At least one full irrigation season of data is needed on the rate and
temperature of the return flow and the receiving water response.

4.1.4.3. North Unit Irrigation District Returns

North Unit Main Canal Crossing

Upward of 200 cfs of water spills from the North Unit Main Canal at RM 27.5 on the Crooked
River for one day each year during annual startup. The average monthly flow rate of the
Crooked River at Terrebonne (USGS gage No. 14087300) during the month of April is
approximately 750 cfs, although the lowest mean monthly flow on record was 75 cfs. The water
temperatures of the spill and the receiving water in April are unknown, but are generally similar
in nature. A one-day return flow of the same magnitude or more than the receiving water
during the month of April could influence water temperature, depending on the relative
temperatures of the two waters. However, the return would be unlikely to have an adverse
thermal influence on spawning or rearing life stages of covered species present during that time.
Unless considerable thermal shock occurs or temperatures are lethal (> 21°C for steelhead trout
spawning, Table 1-1), exposure of a one-day duration event is likely not significant to the
productivity of the covered species. Water temperatures and return flows for the Main Canal
Crossing of the Crooked River at RM 27.5 should be reviewed during the Phase 2 assessment. A
measurement of the water temperature and volume at the diversion, at the spill location, and in
the Crooked River upstream of the annual spill would be sufficient to evaluate the receiving
water response.

NUID Laterals 31 and 34 Drains

The drains for Laterals 31 and 34 convey ongoing operational spills throughout the irrigation
season of 1.0 cfs each to the Crooked River at RM 19.6 and RM 18.4, respectively. The lowest
mean monthly flow for this reach of the Crooked Rivers is 12 cfs at the Terrebonne/Smith Rocks
gage (USGS gage #14087300). The summer water temperatures of these returns are unknown.
The maximum summer receiving water temperature at this point in the Crooked River is in the
neighborhood of 22.0°C (Watershed Sciences 2006).

The maximum daily spills each represent 8 percent of low summer flow in the Crooked River,
and have a slight potential to increase the surface water temperatures by 0.25°C. As shown in
Equation 7, a temperature for each spill of approximately 25.3°C would be needed to exhibit a
measureable effect on Crooked River summer temperatures.

Eqn.7:  X°C=1[(22.25°Cx 13 cfs) - (22.0°C x 12 cfs)]/1 cfs
X°C=25.3°C

Where:  X°Cis the temperature in degrees Celsius of the return needed to generate a
measureable temperature increase of 0.25°C in the receiving water.

The probability of the return water exceeding 25.3°C is unknown, but within the realm of
possibility. Itis also possible groundwater contribution could minimize the thermal influence of
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the return water. Water temperatures and return flows for the Lateral 31 and 34 Drains should
be reviewed during the irrigation season under the Phase 2 assessment. At least one full
irrigation season of data is needed on the rate and temperature of each return flow and the
receiving water response.

North Unit Main Canal Return at Mile Post 37

Upward to 100 cfs of water spills from the North Unit Main Canal at Mile Post 37 into the
Crooked River at RM 11.9 for one day each year during annual startup. The average monthly
flow of the Crooked River at Osborne Canyon (USGS gage No. 14087380) during the month of
April is approximately 1,160 cfs, although the lowest mean flow recorded for a single month was
421 cfs. The water temperatures of the spill and the receiving water in April are unknown. A
one-day return representing 9 to 24 percent of the receiving water volume during the month of
April could influence water temperature, depending on the relative temperatures of the two
waters, but the return would be unlikely to have an adverse influence on spawning or rearing
life stages of covered species present during that time. Unless temperature differentials offer
considerable thermal shock or they are lethal (> 21°C for steelhead trout spawning, Table 1-1),
exposure of a one-day event is likely not significant to the ultimate abundance or productivity of
the covered species.

NUID Lateral 37 Drain

This drain enters Lake Billy Chinook at RM 2.7 of the Crooked River. The maximum return flow is
1 cfs, or 0.04 percent of the lowest average monthly through-flow of the reservoir during the
summer (2,750 cfs). As noted for other returns that flow into Pelton Round Butte reservoirs, a
return flow of this volume is insufficient to increase the temperature of the receiving water by
0.25°C.

4.1.4.4. Central Oregon Irrigation District Returns

Dry Canyon Return

Water reaching the end of COID’s Central Oregon Canal is spilled near the top of Dry Canyon,
where it continues as surface and shallow subsurface return flow to the Crooked River at about
RM 34.1, approximately 13 miles downstream of Prineville. COID has monitored flow and water
temperatures at the point of return to the Crooked River with continuous recorders. The
maximum summer monthly flow rate peaked at 64 cfs, while the maximum weekly maximum
temperatures (MWMT°C) of continuous gages were 26.3°C and 32.2°C during the 2005 and 2006
irrigation seasons, respectively (Figures 4-4 and 4-5). ODEQ’s LASAR database includes three
summer recordings from the mouth of Dry Canyon (Station #32471) ranging between 16.3 °C
and 18.7°C (ODEQ 2012).

The lowest mean monthly summer flow at this point in the Crooked River is 60 cfs, and the
maximum summer temperature of 22.5°C (Watershed Sciences 2006). With reported return
flow volumes and water temperatures potentially higher than the receiving water conditions,
the Dry Canyon return has the potential for a thermal effect on covered fish species. Receiving
water temperature conditions in the immediate vicinity of Dry Canyon during the summer low
flow period should be reviewed more completely during the Phase 2 Assessment.
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Figure 4-4. Recorded daily maximum and 7-Day running average of the
maximum values (MWMT°C) for irrigation returns at Dry Canyon
—2005.

Source: COID temperature monitoring data
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Figure 4-5. Recorded daily maximum and 7-Day running average of the
maximum values (MWMT°C) for irrigation returns at Dry Canyon
—2006.

Source: COID temperature monitoring data
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Lone Pine Delivery Spill

Between 1 and 10 cfs are spilled from the Pilot Butte Canal to the Crooked River at RM 27.7
throughout the irrigation season to regulate the delivery of water to the Lone Pine Canal. The
lowest mean monthly flow for this reach of the Crooked Rivers is 12 cfs at the Terrebonne/Smith
Rocks gage (USGS gage #14087300). The water temperatures of this return are unknown. A
representative high summer receiving water temperature at this point in the Crooked River is on
the order of 22.0°C (Watershed Sciences 2006).

The maximum daily spill of 10 cfs represents 21 percent of low summer flow in the Crooked
River, and thus has the potential to increase the surface water temperatures by more than
0.25°C. Asshown in Equation 8, a spill temperature of approximately 22.6°C would be needed
to exhibit a measureable effect on Crooked River summer temperatures.

Eqn. 8: X°C=[(22.25°C x 22 cfs) - (22.0°C x 12 cfs)]/10 cfs
X°C=22.55°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.

Return water exceeding 22.6°C some time during the irrigation season is possible. This return
should be reviewed more completely before a determination of effect on covered species is
made. At least one full irrigation season of data is needed on the rate and temperature of the
return flow and the receiving water response.

Pilot Butte Canal J Waste

An estimated 1 cfs or less spills from the J-22 Lateral of the Pilot Butte Canal to the Crooked
River at RM 25.0 when flow in the canal is reduced for operational or emergency purposes. This
spill occurs less than once per year and lasts 1 day or less. The lowest mean monthly flow for
this reach of the Crooked Rivers is 12 cfs in July at the Terrebonne/Smith Rocks gage (USGS gage
#14087300). The water temperature of this return is unknown. A representative high summer
receiving water temperature at this point in the Crooked River is on the order of 22.0°C
(Watershed Sciences 2006).

The maximum daily spill of 1 cfs represents 2 percent of low summer flow in the Crooked River,
and has little potential to increase the surface water temperatures by 0.25°C. As shown in
Equation 9, a spill temperature of approximately 25.3°C would be needed to exhibit a
measureable effect on Crooked River summer temperatures.

Eqn. 9: X°C=1[(22.25°C x 13 cfs) - (22.0°C x 12 cfs)]/1 cfs
X°C =25.25°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.

The probability of the return water exceeding 25.3°C is unknown, but within the realm of
possibility. However, the return would be unlikely to have an adverse influence on spawning or
rearing life stages or the ultimate abundance or productivity of covered species because of its
short duration (1 day or less).
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Pilot Butte Canal H-17 Return

Up to 3 cfs spills from the H-17 Lateral of the Pilot Butte Canal to the Crooked River at RM 18.0
when flow in the canal is reduced for operational or emergency purposes. This spill occurs for 1
day or less each year. The lowest mean monthly flow for this reach of the Crooked Rivers is 12
cfs at the Terrebonne/Smith Rocks gage (USGS gage #14087300). The summer water
temperature of this return is unknown. A representative high summer receiving water
temperature at this point in the Crooked River is on the order of 22.0°C (Watershed Sciences
2006).

The maximum daily spill of 3 cfs represents 6 percent of low summer flow in the Crooked River.
As shown in Equation 10, a spill temperature of approximately 23.3°C would produce a
measureable effect on Crooked River summer temperatures.

Egn. 10:  X°C=[(22.25°C x 15 cfs) - (22.0°C x 12 cfs)]/3 cfs
X°C=23.25°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.

A return water of 23.3°C is possible during mid-summer. If such warm waters occurred, the
return could contribute to river water temperatures approaching lethal conditions for some life
history stages of various species (Table 1). However, the short duration of spill limits the
potential effect. A 1-day return flow of 3 cfs occurring earlier in the irrigation season, when
both the receiving water and the return water temperatures are lower, would be unlikely to
have a an adverse influence on spawning or rearing life stages of covered species. The timing,
frequency, and water temperature of this return should be evaluated further before a
determination of effect on covered species is made.

4.1.4.5. City of Prineville Sewage Treatment Plant Effluent

In accordance with their NPDES permit, the City of Prineville can only discharge up to 1.5 cfs
from its wastewater treatment plant to the Crooked River at RM 46.8, but only at a ratio of 15:1
[river to effluent] (ODEQ 2003). The discharge amounts to 6.7 percent of the receiving water
flow when the river exceeds 15 cfs during the months of November through April. Since (1) the
discharge does not occur during the warm summer months, (2) the reported river temperatures
downstream following effluent discharge are slightly cooler than upstream river temperatures
(City of Prineville discharge monitoring reports 2007, 2008), and (3) the water temperatures are
cooler than the biological criteria for the life stages potentially present during the discharge
period, this seasonal discharge does not offer the potential for an adverse thermal effect on
covered fish species.

4.1.4.6. Lone Pine Irrigation District Canal Return

Tailwater from the LPID canal flows into the Crooked River at RM 30.2. The maximum summer
tailwater flow is on the order of 6 cfs (Fitzpatrick 2005). The high summer water temperatures
of this return are unknown, but a one-time measurement at Station No. 32521 of 21.8°C was
recorded in the morning hours of August 9, 2005 (ODEQ LASAR database). The summer
receiving water condition at this point in the Crooked River indicates a minimum mean monthly
flow of 60 cfs (La Marche 2007, Main 2012) and a representative high temperature of
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approximately 22.0°C (Watershed Sciences 2006). A fully-mixed water body of these two
sources is estimated in the mass balance equation below:

Eqn.11:  X°C = (21.8°C x 6 cfs) + (22.0°C x 60 cfs)/66 cfs
X°C = 21.98°C

Where: X°C is the resulting temperature of two mixed water bodies in degrees
Celsius.

The anticipated change in temperature under this situation is immeasurable. A temperature for
the tailwater return of approximately 24.8°C would be needed to exhibit a measureable effect
on Crooked River summer temperatures. Since the available information is limited, and this
threshold value of 24.8°C seems possible, the tailwater return from the Lone Pine Canal to the
Crooked River should be reviewed more completely before a determination of effect on covered
species is made. At least one full irrigation season of data is needed on the rate and
temperature of the return flow and the receiving water response.

4.1.5. Ochoco Creek
4.1.5.1. Ochoco Dam

Releases from Ochoco Dam (RM 11.1) occur at depth within Ochoco Reservoir and are relatively
cool. The intake tower lies 35 feet above the reservoir bottom, and summer thermal
stratification in the reservoir indicates water less than 14°C is usually withdrawn (Figure 4-6).
Water leaving the reservoir flows into the Ochoco Main Canal, were approximately 15 cfs are
spilled back into Ochoco Creek for instream conveyance. The spill makes up nearly all the
stream flow in Ochoco Creek between the reservoir and Red Granary diversion at RM 10.4, with
the exception of approximately 2 cfs of dam seepage that is captured and piped to the creek.
ODEQ’s LASAR water temperature data at Station No. 32404 downstream from Ochoco Dam
record summer temperatures ranging between 10.9°C and 13.3°C. There is some evidence as
the reservoir is drawn down in late summer, the release to the creek may warm slightly. The
CRWC's Lower Crooked River Watershed Assessment (Nielsen-Pincus 2008) report temperature
data from OID’s canal flow into Ochoco Creek slightly exceeding 16°C during late August 2005.
According to Nielsen-Pincus (2008), the peak temperatures of the Ochoco Dam release to the
creek in 2005 occurred in early September, approximately 1.5 months later than peak
temperatures elsewhere in Ochoco Creek. This thermal signature might suggest the cool
bottom water diminishes late in the irrigation season. The seasonal water temperatures of the
release to the creek are suitable for all life history stages of covered species. Flow releases from
Ochoco Dam do not have the potential for an adverse thermal effect on covered fish species.
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Thermal Stratification of Ochoco Reservoir
(Aug 1999)
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Figure 4-6. Example of Ochoco Reservoir thermal stratification— 1999.
Source: USBR WQ data

4.1.5.2. Ochoco Irrigation District Returns

D-2 Drain

The D-2 drain conveys local tailwater to Ochoco Creek at RM 6.3. Typical maximum flows from
the drain are in the neighborhood of 2 cfs. Water temperatures of this drain are unknown. The
lowest mean monthly summer flow at this point in Ochoco Creek is 6 cfs, following irrigation
diversions between RM 11.1 and RM 6.3. A representative high summer temperature is on the
order of 22.7°C (CRWC 2005, Watershed Sciences 2006). Water temperature in the creek
generally increases with downstream distance between Ochoco Dam and the Crooked River
Diversion Canal spill at RM 5.1 (Figure 4-7). The entire lower portion of Ochoco Creek is on the
state’s 303(d) list for temperature-impaired water bodies (ODEQ 2010).

The maximum daily return flow represents 33 percent of low summer flow in this reach of
Ochoco Creek, and has the potential to increase the surface water temperatures by more than
0.25°C. As shown in Equation 12, a temperature for the drain of approximately 23.7°C would
exhibit a measureable effect on Ochoco Creek summer temperatures.

Eqn. 12:  X°C=[(22.95°C x 8 cfs) - (22.7°C x 6 cfs)]/2 cfs
X°C=23.70°C

Where: X°C is the temperature in degrees Celsius of the return needed to generate
a measureable temperature increase of 0.25°C in the receiving water.

The probability of the return water exceeding 23.7°C is unknown, but within the realm of
possibility. Based on the low volume of water in Ochoco Creek at this point, the tailwater return
from the D-2 Drain to Ochoco Creek has the potential for an adverse thermal effect on covered
fish species and should be reviewed more completely before a determination of effect on
covered species is made. At least one full irrigation season of data is needed on the rate and
temperature of the return flow and the receiving water response.
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Crooked River Diversion Canal Spill

Water is spilled from the Crooked River Diversion Canal where it crosses Ochoco Creek at RM
5.1 throughout the irrigation season to manage flows within the canal. Monthly average spill
during the 2006 through 2011 irrigation seasons ranged from 10 to 34 cfs. The maximum daily
average spill reported during that period was 75.0 cfs. This spill increases the overall flow in
Ochoco Creek downstream of RM 5.1, roughly mid-way between Ochoco Dam and the
confluence with the Crooked River. The spill is routinely larger than the creek flow at this point,
and appears to be beneficial for covered fish species. A full season of summer water
temperature collection at the spill has not been completed, but temperatures are likely cool.
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Since the water originates from the Crooked River at RM 57, water temperatures should be
approximately 15°C plus any small increase due to heating in the diversion canal. ODEQ report
an early August 2005 7-day maximum temperature of this spill of 16.2°C (LASAR database
Station No. 32495). Surface water temperatures in Ochoco Creek between June and August
reported from ODEQ LASAR data at Station No. 32518, downstream of Combs Flat Road (RM
5.1), ranged between 10.5 °C and 17.4°C, while averaging 14.3°C during 2005 and 2006. These
temperatures are lower than the water temperatures recorded upstream where Ochoco Creek
temperatures were generally above 20°C much of the time from mid-June to mid-August and
the 7-day maximum temperature was 22.7°C in mid-July 2005 (Nielsen-Pincus 2008). As shown
in Figure 4-8, the thermal infrared (TIR) imaging study performed by Watershed Sciences during
a 4-day period in August, 2005 demonstrated the cooling trend offered by the diversion canal
spill (Watershed Sciences 2006). Based on available information, it appears the spills from the
Crooked River Diversion Canal cool Ochoco Creek water and should be a benefit to covered
species. Flow returns from the spill do not appear to have the potential for an adverse thermal
effect on covered fish species.
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Figure 4-8. A thermal infrared image (top) and true color image
(bottom) showing Ochoco Creek near Combs Flat Road and

the Crooked River Diversion Canal Spill, August 2005.
Source: Watershed Sciences 2006
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4.1.6.  McKay Creek

McKay Creek receives return water at five locations within Ochoco Irrigation District (Table 2-1),
including four operational spills and one drain (see Figure 2-7). The entire lower portion of
McKay Creek within the OID boundary is on the state’s 303(d) list for temperature-impaired
water bodies (ODEQ 2010). McKay Creek is also used as one of the juvenile fish release points
for re-initiating anadromous fish runs in the Upper Deschutes River basin, and will likely offer
spawning, rearing and migratory habitats for covered fish species.

4.1.6.1. Ochoco Main Canal Spill

The Ochoco Main Canal spills into McKay Creek at Jones Dam (RM 5.8) throughout the irrigation
season. Data on flows and water temperatures are not available for this spill. The surface
waters of McKay Creek upstream of the OID boundary can run dry during summer months,
depending on seasonal weather conditions and annual snow pack. The recorded mean monthly
summer flow in McKay Creek upstream of the OID boundary is approximately 6 cfs, but the
monthly minimum is 0 cfs (OWRD gage McKay Creek nr Prineville, OR #14086000) located
downstream of Allen Creek (RM 8.0). This reach of the creek is typically dry by July. Based on
limited temperature data, summer temperatures in McKay Creek at RM 8.0 appear to range
between 14.7°C and 22.0°C (ODEQ LASAR Database Station No. 34180).

On occasion, the water provided by the spill could represent 100 percent of the flowing water in
McKay Creek. Since this water originates from near the bottom of Ochoco Reservoir, it should
range between approximately 12°C and 16°C plus a small amount of heating in the canal. ltis
likely this spill could cool live flow in McKay Creek, or conversely it could provide 100 percent of
the streamflow. Unless temperatures are lethal to rearing life stages, the spill is expected to
provide a benefit to covered fish species.

4.1.6.2. Dry Creek Live Flow and Spill

Dry Creek carries live flow and irrigation spills into McKay Creek at RM 3.9. Live flow occurs
occasionally during the winter months. Flow and water temperature data are not available for
the spill into ‘Old’ Dry Creek. As the creek name implies, live flows during summer months are
often non-existent and the spill represents 100 percent of the Dry Creek flow into McKay Creek.
Given the lack of site-specific data, it would be prudent to evaluate this spill more completely
before a determination of effect on covered species is made. At least one full irrigation season
of data is needed on the rate and temperature of the spill and any live flow.

4.1.6.3. Crooked River Distribution Canal Spill

The Crooked River Distribution Canal spills into McKay Creek at the Reynolds Siphon (RM 3.2)
throughout the irrigation season. Monthly average flow at the spill during 2006 through 2011
ranged from 0.25 to 45 cfs. The maximum daily average spill reported during the 6-year period
was 54 cfs (OID 2012). The temperature of the water returned at this point is unknown. The
source water originates from the Crooked River at RM 57. ODEQ report an early August 2005 7-
day maximum temperature of the Crooked River Distribution Canal spill of 16.2°C at Ochoco
Creek (LASAR database Station No. 32495). Given a small amount of heating in the diversion
canal between the two release sites, the spill to McKay Creek is likely slightly warmer but it is
expected to be within the same order of magnitude as the spill to Ochoco Creek. The maximum
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7-day average of peak daily water temperatures in McKay Creek upstream of the spill at RM 3.5
was 23.5°C during continuous temperature recordings from June through October, 2006 (LASAR
database Station ID No. 34180). Based on limited information, it appears the spill from the
Crooked River Diversion Canal has the ability to cool McKay Creek water and should offer a
benefit to covered species. The spill does not appear to have the potential for an adverse
thermal effect on covered fish species.

4.1.6.4. D-8 Drain

The D-8 drain conveys local tailwater to McKay Creek at RM 1.3. Flows and water temperatures
in the drain are not recorded. Given the lack of site-specific data, it would be prudent to
evaluate this spill more completely before a determination of effect on covered species is made.
At least one full irrigation season of data is needed on the rate and temperature of the tailwater
and receiving water.

4.1.6.5. Ryegrass Canal Spill

The Ryegrass Canal spills into McKay Creek at the Pine Products Siphon (RM 1.0) throughout the
irrigation season. Monthly average return flow at the spill during 2006 through 2011 ranged
from 7 to 11 cfs. The maximum monthly average spill reported during that period was 25 cfs
during irrigation start up in April. The temperature of the water returned at this point during
the summer season is unknown. The source of water for the Ryegrass Canal comes from the
lowermost section of Ochoco Creek (RM 4.7). Summer temperatures of the source water are in
the range of 18°C (Watershed Sciences 2006). Water temperatures may warm up slightly during
transit in the canal and within the lower mile of McKay Creek, since Watershed Sciences
measured 22.2°C at the mouth of McKay Creek during July 2005, ODEQ reports a temperature of
20.4°C at Highway 26 (Station No. 32518) during an afternoon in August 2005, and CRWC report
a 7-day maximum value of 22.8°C during mid-July 2005 at Highway 26 (Nielsen-Pincus 2008).
Given the lack of site-specific data and the general warm condition of McKay Creek in the
vicinity of this return, it would be prudent to evaluate the spill more completely before a
determination of effect on covered species is made. At least one full irrigation season of data is
needed on the flow and temperature of the spill and receiving water.

4.1.7. Lytle Creek

Covered fish species presence in Lytle Creek is currently unknown. However, migratory fish
have physical access to portions of Lytle Creek affected by the points of irrigation returns.
StreamNet (2012) reports man-made blockages to upstream fish passage in Lytle Creek at U.S.
Hwy 26 (RM 2.7) and Fisher Joe Reservoir (RM 6.4). OID personnel believe the box culvert at
U.S. Hwy 26 is currently passable (Rhoden, pers. comm. 2012).

Lytle Creek collects return water at four operational spills and four drains before flowing into
the Crooked River at RM 41.0, including spills at: 1) Grimes Flat West Canal at RM 5.7; 2) Ochoco
Main Canal at RM 5.0; 3) Crooked River Distribution Canal at RM 3.0; 4) Ryegrass Canal at RM
1.3; and four drains known as 823, 825, 827 and D-7 occurring between RM 1.5 and RM 3.2 (see
Figure 2-4).

Lytle Creek is naturally dry upstream of the OID boundary. Within the district, the creek flows
year round. The majority of flow within district is operational spill and return water during the
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irrigation season, but a small amount of spring-fed live flow emerges from the D7 drain a short
distance above Highway 26 throughout the year. On occasion, Lytle Creek is comprised of only
irrigation water during the summer irrigation season. Monthly average flow in Lytle Creek
below Ryegrass Canal during the irrigation seasons of 2006 through 2011 ranged from 9 to 29
cfs. The maximum daily average flow reported during that period was 37 cfs (OID 2012).

Estimates of flow and water temperature are not available for the spills or drains returning to
Lytle Creek. Similarly, there are no known regionally operated flow gages or water quality
monitoring sites on Lytle Creek. Watershed Sciences (2006) measured temperatures at the
mouth of Lytle Creek during their July 2005 TIR study of the Crooked River. The median
temperature value In Lytle Creek was 21.8°C, which at the time was comparable to the thermal
regime in the mainstem Crooked River. Given the lack of site-specific data and the general
warm condition of Lytle Creek, it would be prudent to evaluate all spills and drains in greater
detail.

5.0 Conclusions and Recommendations

This initial screening-level assessment of irrigation releases, return flows, and discharges was
conservative in its assumptions regarding the representative high surface water temperatures
and low flows during the irrigation season. Since in many cases the assessment relies on
assumptions, the results do not necessarily provide an accurate representation of on-site
conditions. The objective of the approach was to identify where additional information is
needed to improve the evaluation for a short-list of releases, return flows, and discharges while
eliminating those with a reasonably low likelihood of a measureable influence on water
temperatures. As described in Section 5.2, only 23 of 44 points-of-return warrant further
detailed assessment to determine if they could have adverse thermal influences on covered
species.

5.1. Recommendations on Techniques for Documenting Changes in the
Thermal Regimes of Affected Surface Waters from DBHCP
Conservation Measures

Site-specific assessments such as those presented in Section 4 Results are sufficient for
evaluating thermal effects associated with return flows. A system-wide assessment using
advanced modeling techniques is not warranted given the localized effects of the returns and
the influence of groundwater springs in both the Deschutes and Crooked River basins. These
springs dominate the thermal regimes of some downstream waters, making integrated studies
of longitudinal modifications in water temperatures from cumulative irrigation returns
unnecessary. Additionally, very few of the points of return met the distance criteria for joint
inclusion in an assessment of cumulative effects. As such, any thermal disturbances brought
about by the returns would be local in nature and persistently brought into temperature
equilibrium by the receiving body.

Although indefinitely on hold, ODEQ is planning to perform HeatSource temperature modeling
of the lower Crooked River to complete mandated TMDL studies (Lamb, pers. comm.
September 11, 2012). Such an effort would cover nearly 90 percent of the irrigation returns
identified in this report as needing further evaluation. Draft HeatSource models have been
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developed. Although the output would be useable for evaluation of DBHCP conservation
measures, the results are not essential as described below.

With site-specific monitoring to fill missing data points, as described in Section 5.2 Assessment
of the Need for Additional Monitoring below, a mass balance approach of local site conditions,
as used in this screening-level assessment, will provide an adequate evaluation of the
temperature changes anticipated for irrigation releases and returns under current conditions
and for conservation planning within the DBHCP.

5.2. Assessment of the Need for Additional Monitoring

Based on the current assessment, specific water temperature and/or stream flow information is
needed at the following irrigation returns. Other reaches that need additional water
temperature or stream flow information may be identified during Phase 2 of this study:

Deschutes River
Lateral 58-11 Drain
North Unit Main Canal Terminus at Mud Springs
Crooked River
Juniper Canyon Flood Control Channel
Spill at the Gap
North Unit Main Canal Crossing
North Unit Laterals 31 and 34
Dry Canyon Return
Lone Pine Delivery Spill
Pilot Butte Canal H-17 return
Lone Pine Canal Return
Ochoco Creek
D2 - Drain
McKay Creek
Dry Creek Live Flow and Spill
D-8 Drain
Ryegrass Canal Spill
Lytle Creek
All four spills and four drains

5.2.1.  Water Temperature

For routine releases, spills and returns occurring throughout the irrigation season, continuous
temperature monitors, deployed at the return points and immediately upstream in the receiving
waters, would provide essential data for determining the thermal contributions of covered
returns at the locations noted above. Monitoring should consist of deploying continuous
monitoring thermographs (data loggers like Optic StowAway, or similar, with an accuracy of +
0.25°C) set to record temperature information at hourly time intervals. For one-time spills
during annual startup, a measurement of the water temperature and volume at the diversion, at
the spill location, and in the Crooked River upstream of the annual spill would be sufficient to
evaluate the receiving water response. A properly calibrated mercury thermometer in the
neighborhood of 0-30°C range would be preferred. Calibration, deployment, and data retrieval
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protocols for the temperature monitoring should be consistent with local watershed council and
ODEQ procedures.

5.2.2.  Stream Flow

Flow measurements of irrigation returns and receiving water are needed to determine the
relative contribution of each source to downstream water temperature regimes. Most of the
aforementioned points-of-return have either measurement weirs or electronic equipment for
determining flow rates. Some of the monitoring performed by the member irrigation districts is
infrequent (non-routine) or conversely the information is not easily retrievable for assessment.

Effort should be extended to summarize available information where it exists or, conversely, to
install monitoring equipment at these returns. Assumptions related to the frequency, duration,
and magnitude of flow returns can be used in lieu of equipment, but such an assessment would
provide at a lower level of confidence than monitoring data.
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