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Sluiceway Operations for Adult Steelhead Downstream
Passage at The Dalles Dam, Columbia River, USA

Fenton Khan,*1 Ida M. Royer,2 and Gary E. Johnson
Pacific Northwest National Laboratory, Post Office Box 999 K6-85, Richland, Washington 99352, USA

Sean C. Tackley
U.S. Army Corps of Engineers, Post Office Box 2946, Portland, Oregon 97208, USA

Abstract
Sluiceways at hydroelectric dams are designed to enable floating ice and debris to pass through the dams and

may be used as an effective, nonturbine, surface route for out-migrating fishes to pass through dams. Each year, the
sluiceway at The Dalles Dam on the Columbia River, USA, is normally operated between 1 April and 30 November
and the spillway between 10 April and 31 August to enable downstream-migrating juvenile Pacific salmonids to pass.
The only route available for fishes to pass the dam between 1 December and 31 March is through the turbines. This
study evaluated downstream passage of adult steelhead Oncorhynchus mykiss at The Dalles Dam during various
periods between 1 November and 10 April for years 2008 through 2010. The purpose of the study was to determine
the efficacy of operating the sluiceway between 1 December and 31 March to provide a relatively safe, nonturbine,
surface outlet for downstream passage of adult steelhead that overwinter in the lower Columbia River (i.e., fallbacks)
or for adult steelhead attempting to emigrate back to the marine environment after spawning (i.e., kelts). We applied
a fixed-location hydroacoustic technique to estimate downstream passage rates at the sluiceway and turbines. The
sluiceway was used by 91–99% of the adult steelhead during all sampling periods; the remaining 1–9% passed
through the turbines. This implies that adult steelhead preferred the sluiceway for downstream passage at the dam.
Our results indicate that keeping the sluiceway open between 1 December and 31 March may provide an optimal,
nonturbine surface route for downstream passage of overwintering or postspawned adult steelhead at The Dalles
Dam. Similar operations are relevant at hydroelectric dams with surface-flow outlets, such as sluiceways, for safe
downstream passage of fish species of management concern.

Hydroelectric dams present barriers for fish migrating both
upstream and downstream in a river system (Coutant and
Whitney 2000; Wertheimer and Evans 2005; Arnekleiv et al.
2007). Many of these dams were designed and constructed with
fishways (fish ladders) to provide passage routes for upstream
migrants (Coutant and Whitney 2000; Williams et al. 2001;
Arnekleiv et al. 2007); in general, fish migrating down-
stream must pass through dams by way of turbines, spillways,
and sluiceways (Raymond 1988; Coutant and Whitney 2000;
Johnson et al. 2000; Williams et al. 2001; Johnson and Dauble
2006; Arnekleiv et al. 2007). Turbine passage, however, can
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be detrimental to fishes because they may be killed or injured
as they pass through the turbines (Coutant and Whitney 2000;
Williams et al. 2001; Johnson and Dauble 2006). Therefore,
spillways and sluiceways are considered safer routes for down-
stream fish passage (Schoeneman et al. 1961; Scruton et al.
2007; Wertheimer and Evans 2005; Johnson and Dauble 2006).
Johnson and Dauble (2006) describe sluiceways as optimal
surface-flow outlets for downstream-migrating juvenile anadro-
mous fishes to pass through hydroelectric dams.

Federal Columbia River Power System (FCRPS) hydro-
electric dams in the lower Columbia River basin, USA, were
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1014 KHAN ET AL.

constructed with fish ladders to provide routes for upstream-
migrating anadromous fishes, such as adult Pacific salmon and
steelhead Oncorhynchus mykiss, to pass through the dams.
These dams have been retrofitted with passage structures (e.g.,
bypass and collection systems), and changes to spillway and
sluiceway operations have been implemented to increase the sur-
vival of juvenile salmonids migrating downstream to the ocean
(Raymond 1988; Coutant and Whitney 2000; Johnson et al.
2000; Williams et al. 2001; Ploskey et al. 2008). Passage consid-
erations for downstream-moving adult steelhead have generally
lagged in relation to upstream passage, but are now gaining at-
tention from fishery managers concerned with the low numbers
of steelhead populations in the Columbia and Snake river sys-
tems (NMFS 2003; Wertheimer 2007), which are listed under
the Endangered Species Act (NMFS 1997; McClure et al. 2003).
Post-spawn downstream-migrating steelhead, commonly called
kelts, may play an important role in strengthening these stocks
because these fish are iteroparous (repeat spawners). Iteropar-
ity is thought to be a life history strategy that spreads genetics
over multiple years, providing a hedge against stochastic events
(Taborsky 2001; Keefer et al. 2008b; Narum et al. 2008).

Steelhead kelts from the Columbia River basin may navigate
through as many as eight hydroelectric dams on the lower Snake
and Columbia rivers before reaching the ocean (Hatch et al.
2003). Due to their compromised physiological state because
of energy loss from upstream migration and spawning (Booth
et al. 1997), kelts may be especially vulnerable to the adverse
effects of dams as they pass through them (Evans et al. 2004;
Wertheimer 2007; Keefer et al. 2008b). Wertheimer and Evans
(2005) estimated mortality rates of 84–96% for radio-tagged
kelts that were released at Lower Granite Dam (the uppermost
passable dam on the Snake River) by the time they reached the
study site below Bonneville Dam (the last dam on the Columbia
River); these fish had to pass seven dams. Mortality rates for
fish released at dams on the lower Columbia River ranged from
20–40%; these fish had to pass two or three dams. This mortality
rate probably selects against repeat spawning in steelhead popu-
lations and contributes to the low incidence of iteroparity among
steelhead populations in the Snake River system (0.4–1.2% at
Lower Granite Dam; Keefer et al. 2008b). Carlson et al. (2012)
suggest survival estimates for tagged fish passing through tur-
bines may be low because of the effects of tag burden on these
fish.

Strategies such as kelt reconditioning, transport, and dam
operations are being investigated as potential means to increase
adult steelhead survival and populations. Attempts, with some
success, have been made to recondition kelts in an artificial envi-
ronment until the fish are deemed healthy enough to be returned
to the river (Evans et al. 2001; Ruzycki et al. 2003; Branstetter
et al. 2006). Fish-collection facilities have also collected kelts
for transport around the FCRPS dams (Hatch et al. 2003; Evans
et al. 2008). This has been shown to improve kelt survival in
the Snake River system, but Evans et al. (2008) found this op-
tion to be only somewhat effective at improving their survival

through the lower Columbia River dams. Finally, and the option
investigated here, dam operations can be changed for the safe
downstream passage of in-river adult steelhead.

In addition to kelts, upstream-migrating adult salmonids may
move back downstream through hydroelectric dams (Keefer
et al. 2008a; Holbrook et al. 2009). These fish are commonly
termed “fallbacks.” Fallback behavior at dams may occur when
adult salmonids deviate from their normal upstream migration to
spawning grounds, traveling beyond their natal streams (“over-
shooting”), then moving back downstream through the dams
to return to said streams (Reischel and Bjornn 2003; Boggs
et al. 2004). Furthermore, summer steelhead that are destined
for upriver spawning areas may overwinter in the main-stem
Columbia River, fall back at dams, and re-ascend, sometimes
more than once, during the essentially nonmigratory winter pe-
riod (Keefer et al. 2008a). Fallback behavior may sometimes
be caused by the particular configurations and operations of
available routes for fishes to pass through dams (e.g., fish lad-
ders, navigation locks, turbines, spillway, and bypass systems;
Reischel and Bjornn 2003). Adult steelhead fallback at The
Dalles Dam (TDA) can be attributed to several phenomena,
including dam configuration and operations, overshoots that
missed their natal tributary, and overwintering behavior.

Roughly 12% of adult summer steelhead are estimated to
overwinter in the main-stem Columbia River and active up-
stream migration tapers off as river temperatures decline (Keefer
et al. 2008a). Fallbacks have been documented at all lower
Columbia and Snake River dams (e.g., Boggs et al. 2004; Keefer
et al. 2008a), but Keefer et al. (2008a) found that from November
until spawning occurred in spring, the highest proportion of fall-
backs occurred at TDA (28%) compared with other Columbia
and Snake River dams. Mortality rates are not well known; how-
ever, simply because these fish must pass through some dams
more than once, overwintering steelhead are less likely than
other migrating fishes to make it to their upriver natal tributaries
(Keefer et al. 2005; Keefer et al. 2008a), and the numbers of
fish arriving at spawning grounds have been estimated to be very
low (Keefer et al. 2005).

The sluiceway at TDA was normally operated from 1 April
through 30 November, and the spillway was operated from 10
April through 31 August for juvenile salmon out-migration as
mandated by National Marine Fisheries Service (NMFS) Bio-
logical Opinions on the operation of the FCRPS (NMFS 2003,
2008). For the remainder of the year (1 December through 31
March), the only available downstream fish passage route was
through turbines. Turbine passage may have detrimental con-
sequences for adult steelhead fallbacks (occur year-round, with
a nadir in January; Keefer et al. 2008a) and for steelhead kelts
(start out-migration to the ocean in March or sooner; Wertheimer
and Evans 2005; Wertheimer 2007). Therefore, the NMFS stip-
ulated that an evaluation of TDA sluiceway operations be con-
ducted between 1 December and 31 March as a nonturbine,
surface outlet for safe passage of adult steelhead fallbacks and
kelts (NMFS 2008). In March 2011, as a result of this study,
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SLUICEWAY FOR STEELHEAD DOWNSTREAM PASSAGE 1015

TABLE 1. Sampling periods and configurations of the turbines and sluiceway at The Dalles Dam for estimating adult steelhead downstream passage using
fixed-aspect hydroacoustics during five periods in 2008–2010. Transducers were installed at all main turbine units and open sluice weirs for each sampling period
(A–E).

Sampling period A–E Configuration Sluice weir

(A) 1 Nov–15 Dec 2008 All 22 main turbine units + 6 open sluice weirs 1-1
1-2
1-3
5-2

18-1
18-2

(B) 1 Mar–10 Apr 2009 All 22 main turbine units + 6 open sluice weirs 1-1
1-2
1-3
5-2

18-1
18-2

(C) 1 Nov–15 Dec 2009 All 22 main turbine units + 4 open sluice weirs 1-2
1-3

18-1
18-2

(D) 16 Dec 2009–7 Mar 2010 All 22 main turbine units only sluiceway closed
(E) 8 Mar–10 Apr 2010 All 22 main turbine units + 4 open sluice weirs 1–2

1–3
18–1
18–2

sluiceway operations for fish passage were changed to start on
1 March and end on 15 December.

In this study, we tested various sluiceway and turbine
operations at TDA during five periods between 1 November
and 10 April of years 2008 through 2010 (Table 1), a period
when the sluiceway is normally closed and adult steelhead
fallbacks and kelts are expected to be passing through the dam.
We expected the sluiceway to be the preferred passage route,
when open, because salmonids are generally surface oriented
(Schoeneman et al. 1961; Coutant and Whitney 2000; Johnson
et al. 2000; Scruton et al. 2003; Wertheimer and Evans 2005;
Johnson and Dauble 2006; Arnekleiv et al. 2007; Scruton
et al. 2007; Wertheimer 2007). It was unknown whether adult
steelhead would sound and pass through the turbines when the
sluiceway was closed, or hold in the forebay until the sluiceway
was reopened before passing the dam. While high mortality
is associated with turbine passage, the possibility of steelhead
kelts holding in the forebay is also of concern, considering
the importance of returning these kelts quickly to saltwater
to commence ocean feeding and improve survival and repeat
spawning rates (Evans and Beaty 2001; Wertheimer and Evans
2005; Wertheimer 2007). Our objectives were to (1) estimate
total fish passage by route for adult steelhead, (2) determine
if and when the sluiceway was used by adult steelhead to pass
the dam, and (3) determine whether adult steelhead passed
through the turbines when the sluiceway was unavailable.

These data are important to fisheries and hydropower managers
for deciding when to operate the sluiceway as a surface route
for adult steelhead to safely pass because water passing through
the sluiceway cannot be used for power production.

STUDY SITE
The Dalles Dam, operated by the U.S. Army Corps of Engi-

neers, is located on the Columbia River, at river kilometer 309,
and is the second closest dam in the FCRPS to the Pacific Ocean
(Figure 1). It has a 637-m-long powerhouse with 22 main turbine
units (MUs), each with 3 intakes, a total generating capacity of
1,800 megawatts, and a total powerhouse hydraulic capacity of
10,619 m3/s. The main turbine units are numbered from west to
east (Figure 2). Two small “station service” turbine units that
supply power to the dam are located between main units 8 and
9. Two turbine units that pass fish, located on the west end of
the powerhouse, supply water to the east fish ladder as attraction
flow for upstream-migrating adult salmonids. The 420.6-m-long
spillway comprises 23 bays with 15.2-m-wide radial gates.

The sluiceway, which was designed to let ice and debris pass,
is a rectangular channel that extends the entire length of the fore-
bay side of powerhouse at the water surface. Three 6.1-m-wide
sluiceway entrances (weirs) are located above each main turbine
unit intake, and two are located above each fish turbine unit in-
take. A gate at each weir may be raised off the weir sill (elevation
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1016 KHAN ET AL.

FIGURE 1. Locations of hydroelectric dams on the lower Columbia and Snake Rivers in Washington and Oregon, including The Dalles Dam.

46 m above mean sea level [msl]), to open the weir and allow
water to flow into the sluiceway. Full-pool elevation is rated at
48.8 m above msl, and the minimum operating pool elevation is
47.2 m above msl. When any of the sluiceway weirs (SLs) are
opened, water and migrating fishes near the water surface may
be skimmed from the forebay into the sluiceway, passing the
fishes through an outlet to the sluiceway outfall at the tailrace
of the dam. Overall, sluiceway discharge is a relatively small
proportion (about 2–4%) of total river flow passing through the
dam (total project discharge), which includes turbine operations
and spillway operations, when the spillway is operated.

Flow into the sluiceway is dependent on forebay elevation
and the number and location of open weirs. For example, given
a forebay surface elevation (water level) of 48.2 m and six open
weirs, flows over the individual weirs range from 16 m3/s at
the east end of the powerhouse to 27 m3/s at the west end,
for a total flow of approximately 127 m3/s (data provided
by U.S. Army Corps of Engineers, Portland District). Dur-
ing our five study periods (Table 1), the mean daily project
discharge at TDA for 1 November to 15 December (2008
and 2009) was 2,634–3,823 m3/s, for 1 March to 10 April
(2009 and 2010) was 2,832–4,474 m3/s, and for 16 Decem-
ber 2009 to 7 March 2010 was 2,576.8–4,785.5 m3/s (Columbia
Basin Research Data Access in Real Time internet site [DART;
http://www.cbr.washington.edu/dart/dart.html]; Figure 3).

To provide context for the downstream passage results of
our study, we obtained counts of returning adult steelhead as
they passed upstream through TDA using the fish ladders during
migration in 2008 and 2009. Enumeration of adult steelhead was
accomplished by fish-counting personnel and video recordings
at the ladders from approximately mid-February to the end of
November of any year. Most adult steelhead passed over the
ladders between June and November (Figure 4). In 2008, the
total number of returning adult steelhead was approximately
277,000 and in 2009, more than 515,000 were counted passing
via the ladders.

METHODS
Fixed-aspect hydroacoustics.—Passage data were collected

using fixed-aspect hydroacoustics. This technique has been used
successfully to evaluate downstream fish passage at all 13 dams
on the main-stem Snake and Columbia rivers (Johnson et al.
1992; Thorne and Johnson 1993; Skalski et al. 1996; Ploskey
and Carlson 1999; Ploskey et al. 2001:B1–B32; Johnson et al.
2000, 2005, 2006; Ploskey et al. 2008). Use of fixed-aspect
hydroacoustics has been validated with net catches in other
studies (e.g., Ransom et al. 1996; Ploskey and Carlson 1999).
Single-beam and split-beam hydroacoustic techniques and the
acoustic screen model are described by G. E. Johnson in Ploskey
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SLUICEWAY FOR STEELHEAD DOWNSTREAM PASSAGE 1017

FIGURE 2. Plan view of The Dalles Dam showing hydroacoustic transducer and DIDSON acoustic camera locations for estimating adult steelhead downstream
passage through the sluiceway and turbines in 2008–2010. Numbers at the powerhouse designate main turbine units. The fish units and the station service units
(between MU 8 and MU 9) were not sampled. In the inset, the bold number designates MU 1 and small numbers designate the three sluiceway weirs at MU 1 (SL
1-1, 1-2, 1-3). Transducers deployed at the sluiceway weirs (open circles) were not used in all years. Sampling locations are listed in Table 1.

FIGURE 3. Daily discharge at The Dalles Dam from October 2008
through April 2010. Shaded regions, with letters in parentheses, corre-
spond to the five sampling periods listed in Table 1. Data were ob-
tained from Columbia Basin Research Data Access in Real Time (DART;
http://www.cbr.washington.edu/dart/dart.html).

et al. 2001:B1–B32, Thorne and Johnson (1993), and Simmonds
and MacLennan (2005).

The data-collection systems consisted of three single-beam
and five split-beam hydroacoustic systems (Precision Acous-
tic Systems [PAS], Seattle, Washington). The PAS-103 Multi-
Mode Scientific Echo Sounders were controlled by Harp-1B
(single-beam) or Harp-SB (split-beam) Data Acquisition/Signal
Processing Software (Hydroacoustic Assessments, Inc., Seattle,
Washington). Each system operated at 420 kHz. Echo sounder
transmission rates were 15 pings/s (pps) at the turbine intakes
and 33 pps at the sluiceway. All systems used a voltage output
threshold of −26 to −56 dB (1 µPa at 1 m) and were calibrated
before and after the studies to measure three system characteris-
tics: source levels, receiving sensitivities, and transducer beam
pattern factors (Simmonds and MacLennan 2005). Systematic
sampling (same order among sampling locations each hour) was
conducted at 1-min intervals. Each location was sampled 10, 15,
20, or 30 times per hour, depending on the number of transducers
connected to the echo sounder. Sampling was conducted 24 h/d
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1018 KHAN ET AL.

FIGURE 4. (A) Upstream daily passage of adult steelhead counted at The Dalles Dam fish ladders in 2008 and 2009. Visual counting generally begins on 1 April
and ends on 31 October of any year. Video observations are generally used from February 20 through December 7. (B) Total number of adult steelhead counted at
The Dalles Dam fish ladders in 2008 and 2009. Data were obtained from the Fish Passage Center (http://www.fpc.org).

for 7 d/week during each of the five sampling periods between
2008 and 2010 (Table 1).

Single-beam transducers (6◦ beam) were installed at all main
turbine-unit sampling locations, except for main turbine-units
2, 5, 16, and 18, each of which had a split-beam transducer (6◦

beam; Figure 2). The fish turbine and station service units were
not sampled because the spacing of the grates of the trash racks
in front of the intakes is small, preventing large, adult-size fish
from passing into the turbines. One of the three intakes at each
main turbine unit was randomly selected for sampling. Only the
sluiceway weirs that were generally operated for fish passage
(two on the east end of the powerhouse and four on the west end),
as prescribed by fishery and hydrosystem managers and based on
previous research of fish passage at the sluiceway (e.g., Johnson
et al. 2003; Hansel et al. 2005; Johnson et al. 2005, 2006), were
open during the study periods. Split-beam transducers (6◦ beam)
were installed at each of the three sluiceway weirs above main
unit 1 (SLs 1-1, 1-2, 1-3), one weir above main unit 5 (SL 5-2),
and two weirs above main unit 18 (SLs 18-1, 18-2; Figure 2).

Hydroacoustic fish targets of interest were verified as being
adult salmonids, assumed to be adult steelhead, by imaging them
with a Dual Frequency Identification sonar (DIDSON) acoustic
camera from 1 November through 15 December 2008 and 1
March through 10 April 2009. The DIDSON camera was aimed
across the front of SLs 1-1 and 1-2 and used only to verify
the fish targets of interest were adult salmonids (Figure 2). The
instrument was used in the low-frequency mode, and the frame
rate was 6–7 frames/s.

Data analysis.—The adult fish we detected were assumed to
be prespawn (fallbacks) and postspawn (kelts) steelhead because
of their acoustically detected size, as revealed by the fixed-aspect
hydroacoustic systems. The acoustic images from the DIDSON
camera verified that the targets were adult salmonids; the images
showed the typical morphology of large adult salmonids and that
these fish passed into the sluiceway tail-first, which is common
salmonid behavior (Johnson et al. 2000; Scruton et al. 2003).
The DIDSON samples did not show other types of large fishes
entering the sluiceway during the sampling periods when it
was used. Furthermore, the seasonal timing of adult steelhead
appearing at the dam was consistent with life history patterns
for adult steelhead observed in other studies (Bjornn et al. 2000;
Keefer et al. 2008a).

The echo data were processed (“tracked”) with custom com-
puter programs that were developed by the Pacific Northwest
National Laboratory software engineers. Mean target strength
was used as an indicator of fish size to distinguish relatively
large adult steelhead from smaller targets such as juvenile Amer-
ican Shad Alosa sapidissima and juvenile salmon, which were
present during our study periods. Based on information obtained
for adult steelhead in the Columbia River (Robert Wertheimer,
U.S. Army Corps of Engineers, personal communication) and
from measurements obtained from the DIDSON video files, we
assumed, for data processing, a minimum size for fish of in-
terest to be about 30 cm. The relationship between fish length
and target strength for adult salmon, as described by Burwen
and Fleischman (1998), was used to obtain mean target strength
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SLUICEWAY FOR STEELHEAD DOWNSTREAM PASSAGE 1019

for adult steelhead. We used filters for target strength, slope,
speed, pulse width, and azimuth (direction of travel) during
data processing to eliminate any small size fishes and unaccept-
able tracks (noise) before further analysis. Subsamples of the
data were manually checked to confirm that valid fish tracks
remained after filtering.

Assuming simple random sampling, we applied finite sam-
pling theory (Cochran 1977) to estimate the hourly fish pas-
sage rates and associated sampling error. Even though sampling
was necessarily systematic through time among the transducers,
random sampling is a reasonable assumption because sampling
locations (one of three turbine intakes) and transducer positions
at a given sampling location were chosen at random. The only
exception is for side-looking transducers at the sluiceway weirs
where the water column is too small for vertical randomization.
Each accepted fish track was expanded spatially by the ratio of
the route width (vertical acoustic beams) or height (horizontal
beams) to the diameter of the beam at the range of detection as
follows:

SEC = W

2 · R · tan
(

θ
2

) ,

where SEC = spatially expanded count, W = width or height
(m) of the passage route, R = range from the transducer (m),
tan = tangent function, and θ = effective beam angle (degrees).

The sum of spatially expanded counts of fish for a given hour
and sampling location was then extrapolated temporally to an
entire hour by multiplying by the inverse of the hourly sampling
fraction as follows:

Hhi =
∑

f

SECfhi

(
60

mhi

)
,

where Hhi = the hourly passage rate for the hth hour at the ith
location summed over all fish detected, and mhi = the number
of minutes sampled during the hth hour at the ith sampling
location.

Hourly passage rates by location were used to estimate vari-
ous performance metrics, including total sluiceway passage (SL)

and total turbine passage (T) as follows:

SL =
∑

h

∑
i

Hhi ,

where h represents the elapsed time of sampling (h) and i rep-
resents the sluiceway weir sampling locations; and

T =
∑

h

∑
i

(Hhi · x),

where T is total turbine passage, h represents the hours sampled,
i represents the turbine intake sampling locations, and x is the
number of intakes per unit (two intakes per fish unit and three
intakes per main unit).

Skalski et al. (1993) describe the statistical characteristics
of fixed-aspect hydroacoustic data, including variance estima-
tion for the hourly passage rate estimators. Ninety-five percent
asymptotic CIs for passage estimates were calculated as the
product of 1.96 and the square root of total variance.

RESULTS

Total Passage Estimates
From 1 November through 15 December (fall) 2008, we es-

timated 1,790 ± 250 (total passage ± 95% CI) adult steelhead
passed the dam through the turbines and sluiceway combined,
averaging 40 fish/d (Table 2; Figure 5). During this same period
in 2009, we estimated total passage to be 879 ± 165, averaging
20 fish/d. For these two fall study periods, 91–95% of the total
number of adult steelhead that passed went through the sluice-
way. Turbine passage only occurred on four separate days in
2008 when an estimated 86 fish passed, and five separate days
in 2009 when an estimated 75 fish passed. Only main turbine
units 7, 8, and 18 were used by adult steelhead for passage in
2008 and units 8, 16, and 18 were used in 2009.

Between 1 March and 10 April (spring) 2009, we estimated a
total of 1,766 ± 277 adult steelhead passed through the turbines
and sluiceway combined, averaging 43 fish/d (Table 2; Figure 5).
During this same period in 2010, an estimated 1,985 ± 234
adult steelhead passed the dam, averaging 58 fish/d (note, the

TABLE 2. Estimates of adult steelhead downstream passage at The Dalles Dam sluiceway and turbines during five sampling periods in 2008–2010. The sluiceway
was closed for sampling period D (16 December 2009–7 March 2010) as part of this study.

Total steelhead Sluiceway ± Turbines ± Turbine passage
Sampling period A–E passage ± 95% CI 95% CI 95% CI (% of total)

(A) 1 Nov–15 Dec 2008 1,790 ± 250 1,704 ± 237 86 ± 78 4.8
(B) 1 Mar–10 Apr 2009 1,766 ± 277 1,673 ± 264 93 ± 84 5.3
(C) 1 Nov–15 Dec 2009 879 ± 165 804 ± 156 75 ± 55 8.5
(D) 16 Dec 2009–7 Mar 2010 62 ± 40 Closed 62 ± 40 100
(E) 8 Mar–10 Apr 2010 1,985 ± 234 1,958 ± 229 27 ± 48 1.4
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FIGURE 5. (A) Daily estimates of adult steelhead downstream passage at The
Dalles Dam sluiceway and (B) turbines during four study periods when the
sluiceway and turbines were sampled concurrently (i.e., November–December
2008 and 2009, March–April 2009 and 2010). (C) Daily estimates of adult
steelhead downstream passage at the turbines during a period when the sluiceway
was closed from 16 December 2009 through 7 March 2010.

start of sluiceway operation was delayed from 1 March to 8
March due to maintenance at the dam; Table 2; Figure 5). The
majority of adult steelhead (95–99%) passed through the sluice-
way during both of these spring study periods. We estimated a
total of 93 adult steelhead passed through the turbines (main
units 8, 21, 22) in the 2009 study and 27 passed through one
main turbine unit (unit 8) in 2010.

Turbine Passage Estimates
The only sampling period that examined turbine passage

when the sluiceway was closed was from 16 December 2009
through 7 March 2010 (winter). During this period, we estimated
62 ± 40 (total ± 95% CI) adult steelhead passed through the
turbines (Table 2; Figure 5). This estimate equates to an average
of less than one (0.8) adult steelhead passing through the turbines
each day during the sampling period.

DISCUSSION
It is well documented that adult steelhead pass downstream

at hydroelectric dams on the lower Snake and Columbia rivers

(e.g., Hatch et al. 2003; Boggs et al. 2004; Wertheimer and Evans
2005; Wertheimer 2007; Keefer et al. 2008a, 2008b). Therefore,
these fish are vulnerable to the adverse effects of the dams as
they pass through them (Evans et al. 2004; Wertheimer 2007;
Keefer et al. 2008a). Our study applied the fixed-aspect hy-
droacoustic technique to evaluate adult steelhead (fallbacks and
kelts) downstream passage at TDA during five selected periods
between 1 November and 10 April of 2008–2010 to determine
optimal sluiceway operations to provide a safe, nonturbine, sur-
face outlet for these fish to pass through the dam (Table 1).

Estimates of total passage of adult steelhead at the sluiceway
and turbines, when they were operated concurrently for four
of our study periods, show between 879 (1 November to 15
December, 2009) and 1,790 (1 November to 15 December, 2008)
passed the dam in the fall and between 1,766 (1 March to 10
April, 2009) and 1,985 (7 March to 10 April, 2010) passed in
the spring (Table 2). We found the sluiceway was readily used
by a majority (91–99%) of adult steelhead of total fish estimated
passing through the dam during each of the four study periods.
For our turbine-only study (16 December 2009 to 8 March
2010), when the sluiceway was closed, we estimated a total
of 62 adult steelhead passed through the turbines during the
82-d period.

Wertheimer and Evans (2005), who conducted a radioteleme-
try study of steelhead kelts at multiple dams on the Columbia
and Snake rivers in spring months (April–June), found that dur-
ing periods of nonspill operations, as experienced during our
study, passage efficiency of the sluiceway at TDA was 64.3%
(N = 28 in 2001). Although our estimated sluiceway passage
efficiency of 91–99% is higher than theirs, this difference may
be attributed to their small sample size, our longer sampling pe-
riods, or a difference in passage rates between postspawn (kelts)
and prespawn (fallback) steelhead. The latter likely compose the
majority of the adult steelhead in our study because prespawn
steelhead may overwinter in the reservoir, and some may fall
back through the dam in early spring to get to natal streams
(NMFS 2003; Keefer et al. 2008a). Regardless, the two studies
show a high percentage of adult steelhead use the sluiceway as
a surface route for downstream passage through the dam com-
pared with the low numbers that passed through the turbines.
Similarly, Arnekleiv et al. (2007) found downstream-migrating
Brown Trout Salmo trutta smolts and kelts preferred to use a
surface flow outlet to pass through a hydroelectric dam, when
given the opportunity, and few of these fish sounded to 0.5 m
to pass through a fishway entrance; no fish sounded to 2.0 m to
pass through submerged turbine shafts.

Our results indicate adult steelhead passed the dam through
the sluiceway during the last days before it was closed on 15
December (2008 and 2009) and again on the day it was opened
in March (2009 and 2010), suggesting these fish are proba-
bly available to pass through the dam during winter months
(December–March) when the sluiceway and spillway are nor-
mally closed, but they are choosing not to sound and travel
through the turbines. Very few steelhead passed through the
turbines between 16 December 2009 and 7 March 2010, when
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the sluiceway was closed. Kemp et al. (2005) found large-size
Pacific salmon smolts were reluctant to enter confined, dark
spaces with increasing water velocities. Brown Trout kelts (an
example of a larger-size salmonid) may exhibit similar behavior
at the turbines of a dam because of body size (Arnekleiv et al.
2007). In addition, in their study of different spill operations,
Arnekleiv et al. (2007) found Brown Trout kelts would traverse
the dam during bottom spill and turbine operations and would
only pass downstream during surface spill operations. The re-
sults of our study suggest adult steelhead may display similar
behavior by holding in the forebay above TDA, during the peri-
ods when the sluiceway and spillway are normally closed, and
waiting for the surface outlets to be available to pass through the
dam. Holding time for adult steelhead kelts in a forebay of a dam
could be greatly reduced by providing a surface outlet for these
fish to pass through the dam (Wertheimer and Evans 2005).

The large numbers of returning adult steelhead counted at
TDA fish ladders in 2008 and 2009 (approximately 277,000–
515,000; Figure 4) may be an indication of the annual return
rates of these fish, and therefore suggest that reasonably large
numbers of adult steelhead may fall back through the dam in fall
and winter months (November–February), some as overshoots
to get back to natal streams below the dam. Others may fall back
through the dam while overwintering in the forebay of the dam
before migrating to upriver spawning grounds. Furthermore,
in early spring (before April) many of these fish may migrate
back downstream to return to the ocean as postspawned kelts
(Wertheimer 2007; Keefer et al. 2008b). Prior to a change in op-
erations in March 2011, as a result of this study, the sluiceway
was typically opened on 1 April to facilitate downstream pas-
sage of juvenile salmon, adult salmonid fallbacks, and steelhead
kelts. Steelhead kelt out-migration may begin as early as March
or sooner; therefore, the former operation (1 April) may have
negative consequences for earlier outmigrating individuals.

This study shows that adult steelhead were present and passed
through the sluiceway, in relatively large numbers compared
with turbine passage, during the fall of 2008 and 2009 and in
the early spring of 2009 and 2010 when the sluiceway and tur-
bines were operated concurrently (Table 2). Relatively few adult
steelhead passed through the turbines during all five periods of
our study (Table 2). Wertheimer and Evans (2005), Johnson
et al. (2005, 2006, 2009), and Johnson and Dauble (2006) all
found the sluiceway at TDA to be an efficient and effective
surface outlet route for juvenile salmonids and steelhead kelts
to pass through the dam as they migrate downstream in spring
and summer months (April–July). Similarly, our results indicate
adult steelhead prefer this route, over turbines, to pass through
the dam in fall, winter, and early spring months (November–
March).

The life history and migration behaviors of steelhead present
challenges for fisheries and hydrosystem managers tasked with
identifying and implementing actions to aid recovery efforts
for these fish populations in the Columbia River basin. Main-
stem overwintering behavior makes summer steelhead migrants

vulnerable to the effects of falling back through dams. In ad-
dition, the iteroparity of some steelhead exposes out-migrating
kelts to both the direct effects of fallback and problems asso-
ciated with migration delay, if a route to pass through a dam
is not available. Although success in terms of ultimate fate and
fitness is difficult to measure, providing safe passage routes for
steelhead fallbacks and kelts probably results in incremental im-
provements in survival through the hydrosystem. All 13 dams on
the main-stem Columbia and Snake rivers with upstream pas-
sage facilities for adult salmonids have installed surface-flow
outlets, modified operations of surface flow outlets (e.g., spill-
ways and sluiceways), or are developing surface-flow outlets
to enable passage of juvenile salmonids. Fishery managers are
considering the use of these structures as downstream routes
for adult steelhead to improve passage and protect them from
hydroelectric turbines (NMFS 2008). Our results support the
notion that adult steelhead, in lieu of turbines, will readily use
relatively safe surface outlets at hydroelectric dams, such as
the sluiceway at TDA, for downstream passage to pass through
a dam. As a result of our study, fishery managers decided in
March 2011 to extend operation of the sluiceway at TDA for
adult steelhead downstream passage in early spring and late fall;
that is, open it on 1 March (instead of 1 April) and keep it open
until 15 December (instead of closing it on 30 November).
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