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(ABSTRACT)

Highway drainage structures can be an impassable
barrier to the migration of anadromous fish and thereby
damage the fisheries resource of an area.

Investigation of 40 existing drainage structures
indicates that these structures can be designed so as not to
be a block to migrating fish. A design procedure is pre-
sented which enables the engineer to determine if a given

structure requires special consideration for fish passage.

KEY WORDS: Anadromous, Salmonids, Salmon, Steelhead, Culverts,

Fish Migration.
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INTRODUCTION

The research project described herein was undér-
taken to provide a better understanding of the factors that
impede passage of anadromous fish and to attempt to establish
design criteria for drainage structures required to pass
annual runs of anadromous £fish,

This research was implemented because of the
increasing awareness and concern of the general public about
the gradual changing of our ecosystem and over-all loss of
natural resources, and because of a general lack of applica-
ble information useful to the engineer in the design of highway

drainage facilities requiring the passage of anadromous £fish.
THE PROBLEM

To understand the problem relating to fish passage,
it is necessary to Becom% partially acquainted with the habits
and life cycle of anadromous fish.

The term "anadiomous fish' refers in general to all
species of fish which hatch from eggs in a stream, migrate to
the sea, and then return to fresh water after a period of time
to spawn (lay eggs), thus compieting the life sustaining cycle.
In this report, the term refers specifically to steelhead, silver
(coho) salmon and king (chinook) salmon.

The life cycle of these salmonids begins with the

hatching of eggs in the streambed gravels. The king salmon
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begin their migration to the sea within a short time after
hatching, but silver salmon and steelhead may remain in the
streams for one or more years before migrating to salt water.
h After a stay in the sea, which varies from one to six years,
the salmonids return to the streams to spawn. With few
exceptions, the fish return to the streams where they were
hatched.
| The migration period generally occurs during the
period of Octpber through April. Upstream migration of salmon
‘occufs through the fall and winter months while steelhead continue
~on through early spring. The king salmon varies some in that a
.few‘enter'the streams in the spring and wait in the deeper pools
until the next fall to spawn. The salmon die after spawning while
- steelhead often survive to return to the ocean and repeat the
spawning migratioﬁ.
In oxder for a stream'to support its potential of
anadromous fish, the fish must have free passage up and down
“the stream. Highway drainage structures designed without
knowledge of the physical capabilities of these fish can
.become impassable barriers and deny the use of the stream
above as spawning and nursery habitat. |
This research has been undertaken to develop design
criteria for drainage facilities which allow the free passage

of migrating fish.
INVESTIGATION

The research was carried out in two parts: Field

study of existing culverts and formulation of a design procedure
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which could be verified by the results of the field study.

The general field procedure was to investigate
existing culverts, evaluate their fish passage character-
istics, compare these with the culvert's hydraulic characteris-
tics and analyze the results.

The field study was performed on existing culverts
located in District Ol of the California Division of Highways
in northcoastal California. This area is composed of Mendocino,
Humboldt, and Del Norte Counties.

A list of 85 study culverts was selected., The cri-
terion for study culverts was that they be located on streams
that had a history of supporting populations of anadroﬁous
fish. To make sure they metrthis criterion, the list was.sent
to the California Department of Fish and Game, Regions I and
III, for comments, and they recommended that certain culverts
be dropped. This reduced the list to 40 culverts (Table 1).
Fish and Game biologists recommended some streams be eliminated
‘from the study because of natural barriers below the culvert
sites or the streams were not suitable, for other reasons, for
anadromous fish,

The fish passage characteristics were evaluated with
the aid of a Smith-Root Mark V "Electrofisher'". This is a fish
shocking device which stuns fish for a short time, allowing for
collection, identification, and counting. The procedure was

" to sample the fish population in the stream above and below the

selected study culverts. The presence of juvenile anadromous fish
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indicated that some adult fish had at least reached that spot
to spawn. If juvenile steelhead, silver salmon, or king
salmon were found above the culvert, it was assumed that the
adult fish had passed through the structure to spawn. If
juvenile fish were found below, but not above, it was assumed
that the culvert was a barrier to uﬁstream migration. If no
juvenile fish were found on either side, the investigation was
ltated as inconclusive. ’
| 7 Field sampling with the "Electrofisher'" and species
identification were conducted under the direct supervision of
'Department of Fish and Game biologists.

N | The final fish passage rating for each culvert was
based on the fish shocklng data, the judgement of the Depart-
‘ment of Fish and Game blOlOngtS and engineers; and the judge-

ment of the hlghway research staff.

It is pointed out that the field study did not show
that any given percentage of fish attempting to pass through a
'stfucture were successful and thus the culvert ratings do not
indicate the magnitude of the populations above and below the
culvert, It did show that enough fish passed through the cul-
verts to continue an anadromous fish population above.

To develop a fish passage design procedure, it was
necessary to determine a discharge to use in the analysis.
This discharge.must take into consideration that upstream
migration takes place within the period October through April.
In addition, the fish do not seem to move during times of peak

discharge but seek refuge areas until the peak has passed., 1In
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view of this, it is not considered necessary or practical to
design highway drainage structures to pass fish at peak dis-
charges or 100% of the time. After review and concurrence
with representatives of 'Fish and Game, it was dec1ded a de51gn
limitation should be to limit interference to mlgratlon to
10%+ of the October-April period; or approximately 21 days.
Therefore, the discharge for determining the fish passage
requirement was selected as that discharge which is equaled
or exceeded 10% of the time October through April. |
Hereafter this discharge will be referred to es Qg. For a
description of how Qg was estimated for the study area, see
Appendix L.

For condltlons near Qg, a change in Q does not
ﬁaterially affect the velocity. To demonstrate this affect
a plot of Q versus veloc1ty was made for culverts A4-Jordan
Creek and A4l-School Creek. (See Figures 1 and 2) A 50%
increase in Qg produces a change of approximately 12% and 15%
for these culverts. Thus, there is a built-in tolerance in
that velocity is relatively constant for minot chaeges in Q.

The resultiﬁg»normel velocity (V)ifrom a diseharge
of Q¢ was determined through the use of Mﬂnnings‘equation;*
(See Table No. 2). A plot Wes then made of velocity versus
culvert length with different.symbols indicating the field

observed fish passage characteristics. (See Figure No. 3).

* Reference 12, Pages 287 and 288,
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. From the plot, it can be seen that there is a limit-
ing value of velocity for each culvert length above which fish
cannot negotiate. The data generally defines this limit. A
detailed étudy of each of the culverts near this limit was
made. |

The curve depicted in Figure 3 is intended as a
criteria for fish passage design and reflects what the authors
feel repfesents the defining line between free passage (nearly
100%) and impeded passage. Above this limit, a critical study
should be made of each installation on an individual basis to
determine requirements for fish passage.

The goal in designing a structure for fish passage
should be to maintain the level of migration to a natural
state or 100% passage.

A‘ Some reasons for non;conformance were that velocities
as determined by "Mannings Equation" did not fully represent
field conditions due to the presence of natural stream material
on the culvert invert or tailwater conditions (Culverts Bl, B4,
A38 and A39). This results in actual velocities being:somewhat
less than computed values and the' curve was lowered accordingly.
Also, Culverts A3 and B5 did not pass fish beqaﬁse of outfall
barrier conditions rather than culvert characteristics.

The plot of Figure 3 shows that a design procedure

‘using a relatibnship between limiting velocity and culvert length
is valid., The limit of Figure 3 could be used for design. The
data on which it is based does not -indicate the percentage of

fish passing. It does indicate that fish passed to continue

-8~
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an anadromous fish population above the culvert.

G. L. Ziemer of the Alaska Department of ?ish and
Game has presented a curve titled, "Swimming Capability of
Migrating Salmon in Fresh Water".* The California‘Depértment
of Fish and Game has verified this cﬁrve using data froﬁ
other sources and has accepted it as allowing 1007 passage
for migrating salmonids in California. It is the opinion
of the research staff that this curve is very conservative
especially for.steelhead. It appears that a true curve for
100% passage lies somewhere between the two curves and would
vary since salmon and steelhead have different swimming
abilities.

Figure 4 shows the curve pfesented-by Ziemer

(Alaskan curve).‘

* Reference 8
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PROPOSED DESIGN PROCEDURE

A design procedure to determine if special paSsage
facilities should be considered for a given installation is
recommended as follows:

1. Establish that the stream in question does sus-
tain runs of ana&romous fish. This is best handlgd through
liaison with representatives of the local Fish and Game region.
Knowing the species of anadromous fish could be helpful because
of variation in swimﬁing abilities.

2. Estimate Qg (that discharge équaled or exceeded 10%
of the time October through Aprii).

3. Using the physical characteristiés of the culvert’
being reviewed and Qf'éstimatéd in Step 2, détermine thé result-
ant velocity.

4. Using the plot'éf Figure 3, the Alaskaﬁ curve
or curves developed for other areas, determine if the result-

ant velocity is above or below the limiting Velocity for the

- culvert_iength under consideration. If the velocity is below the

limiting velocity, the culvert desigh is satisfactory for fish
passage, providing adequate water depth is available throughout

the migration period. If the velocity is above the limiting

-9-
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velocity, revise the culvert design or provide special £fish
passage facilities (baffles, weirs, fish ladders, etc.).

5. Consider the recommendations given in the

following section.
OTHER RECOMMENDATICONS

The following recommendétions are based on observa-
tions of the research staff as they performed the field work
on the 40 study culverts: | |

l. Some oversizing of culverts is desirable when
passage facilities are warranted. This has a resultant effect
of reducing velocities and will simpiify the subsequent design
of the passage devices.

2. Where possible, eculvert grade lines should be
depressed below normal streambed to encourage gravel deposi-
tion and to create a pool at the outlet thué'developing a
natural streambed fish entrance conditions in the culvert.
Some culvert oversiéing is desirable for this condition; how-
ever, during peak flows, when no migration is occurring, the
velocities will usually be high énough to erode to a full
culvert size. '

3. In those installaﬁions where the total grade
line cannot be depressed, consideration should be giVen to the
lowering of the outlet flow lines to provide for possible
streambed degradation,

4, TFor a given culvert instailation at a specific

discharge, the velocity will vary inversely with the roughness
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coefficient or 'Manning's n'", thus selection of a higher "n"
value culvert type may reduce velocities below the need for
passage devices.

Four of the culverts in the study contained special
fish passage devices included in the original culveft design
ahd are working as planned. These installations are between
600 and 750 feet in length. The darkness created by culverts
of these 1engths seemed to have no effect on fish passage
capabilities.

If the above procedure and recommendations are
applied to the 40 study culverts, it will correctly predict
the marginal and non-passable culverts., 1In addition, it will
indicate that certain marginal culverts that pass fish would
require modification or fish passage facilities. This is
explained by making one of the following assumptions:

1. There.is some characteristic of the culvert or
streém, not considered in the veloecity calculation, which
causes the actual velocity to be less than computed.

2. The culvert passes enough fish to support a
population of anadromous £ish above the culvert, but does

not pass the percentage desired.
CONCLUSIONS

Highway drainage structures can be successfully

designed for passage of anadromous fish. Culvert lengths

“11-
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can be 700 feet or greater.

A design procedure utilizing a relationship between
stream velocity and culvert length is valid and can be used
to indicate when consideration should be given to installation
of passage facilities,

A satisfactory limiting discharge for fish passage
is one that is equaled or exceeded 10% of the October through
April time period.

Design discharge Qs can be estimated for a water-
shed either using gageé on the stream or gages in close hydrologic
proximity.

The design curves listed in Figures 3, 6, and 7, can
be successfully used in the‘determination of passage require-

ments for the study area.

-12-
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APPENDIX T

ESTIMATING DESIGN DISCHARGE Q¢ FOR FISH PASSAGE

Only a small portion of the streams in the study
area have stream flow gages* and generally they are on
streams having larger watersheds. An assumption was made
that within the study area the flow duration patterns for
the smaller watersheds are similar to the patterns for the
larger basins. Verification of this assumptién was made‘by
comparing flow duration patterns of the small streams haying
continuous recording gages with the larger streamsrin close
geographic proximity. |

Flow duration curves were developed for thgvﬁeriqd
October through April for selected gages within the studyz-
area. (See Table 3 and Figure 5.) Streams with smaller
drainage basins were chosen for similarity purposes. "When

basins differ greatly in size, the runoff from one is a poor

indication of the concurrent runoff from the other basin''. %%

From the flow duration curves, values were picked
for the discharge which is equaled or exceeded 10% of the time
October through April -- (Qgf).

It was found that within the study area, fhere is a

linear relation between Qg in CFS/SqMi and Average Annual

% Ref, 7, Various years 1955 through 1968.
%% Ref. 9, Page 70.
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Precipitation.

This relationship is shown in Figure 6. The
watershed areas of the selected gaged streams vary from
0.9 of a square mile to 50.3 square miles.

Using the relationship shown in Figure 6, it is
possible to estimate Qf for any sﬁream crossing in the study
area if the Average Annual Precipitation is known.

Table 3 shows the variation between estimated and
actual Qf'in CFS. One of the selected gaged streams (Lopez
'Cféek)'ié also one of the streams in the culvert studj.

. | Figure 7 shows Average Annual Precipitation con-
tours for the study area. Table 3 shows estimated Q¢ for

each culvert site in the study,

“14-
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STREAM

Griffin Cr.
Lopez Cr,
Peacock Cr.
Joerdan Cr,
Griffin Cr. #2
Broken Kettle Cr.
Beaver Cr.
Hospital Cr.
Campbell Cr.
Prairie Cr,
Little Lost Man
McDenald Cr. #2
McDonald Cr. #1
Mill Cr. (101)
Mill Cr. (299)
Noisy Cr.
School Cr.
Chadd Cr. #2
Chadd Cr., #1

Bear Buttes Cr,
Fish Cr.

Bear Gulch Cr.
Durphy Cr. #1
Durphy Cr. #2
Durphy Cr, #3
Red Mtn, Cr.
Cedar Cr,
Rattlesnake #3
Elk Cr. :
Rattiesnake #2
Twin Rocks Cr,
Rattlesnake #1
Steep Gulch Cr,
Lewis Cr.
Wilson Cr.

Ten Mile Cr.
Long Valley Cr,
Reeves Cr,
Ryan Cr, #1
Upp Cr.

Doyle Cr.
Mallo Pass Cr.
Ryan Cr. #2

LEGEND :

TABLE 1

CULVERT TYPE

150! SPP

8'x6' RCB

90" CMP

8'x5' RCB

Dbl, 5'x5! RCB
132 SPP

144" SPP Paved
6!x6' RCB
16'x10' RCB
5'x5' RCB

Dbi, B'x8' RCB
6'x3' RCB

Dbl, 5'x3' RCB
96'" CMP

90! CMP

Dbl, 48' RCP
120" Spp

108" SPP
T14" SPP
144" Spp
6'x6' RCB
13 RC Arch
114" spp
12'x7.5'" RCB
1144 sSpp

300 Sq. Ft. Arch
363 Sq. Ft. Arch
Dbl, 18' RC Arch

138" Spp

. 26' RC Arch
8'x12' SPA & RCB
RCB

144" SPP & 8!
120" SPP

96" CMP

102" SPP

Dbl. 10'x7' RCB

228" Spp

Dbl, 8'x5.5' RCB
RCB

60" CMP

Dbi. 10'x5.5!
84" spp

14! Span Arch
10'x6" RCB

"RCB  Relnforced Concrete Box

CMP  Corrugated Metal Pipe
SPP  Structural Plate Pipe
SPA  Structural Plate Arch

: CULVERT TYPES

DRA I NAGE
AREA

5Q. MI,
3
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STUDY CULVERT CHARACTERISTICS - Cont'd.

-4

FISH

Qf |[SLOPE \Y
NO. mHWMPK C.F.SJFT/FT| n |[F.P.S.DEPTH| LENGTH| PASSAGE? REMARKS
B18 | Upp Cr. .020 | .015 74 Inconclusivg No Water at Study Time
B22| Doyle Cr. 6 |.026|.032(3.8 [0.6 | 726 | No
B31| Mallo Pass Cr. 20 .028 | .015] 5.4 | 0.3 649 Yes Conc. Weirs
B32| Ryan Cr. #2 15 | .026 .015| 6.0 0.3 83 Yes

TABLE 2
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FIGURE 5

FLOW DURATION CURVES
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PERIOD VARIES FROM GAGE TO GAGE ACCORDING TO THE RECORD AVAILABLE BUT IN NO CASE
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