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Introduction

In 1998 the U.S. Bureau of Reclamation (Reclamation), Pacific Northwest Regional Office
completed an Engineering Appraisal Report to assist the Lummi Indian Nation with the
evaluation of problems at the Skookum Creek Fish Hatchery water supply intake structure. The
scope of work included data gathering, field inspection, hydraulic and hydraulic design studies,
cost analysis, evaluation of design alternatives for gradient stabilization, diversion structure
modifications, fish passage considerations, and pipeline protection (Reclamation, PN Region,
1998). The information has subsequently been reviewed and a final concept has been developed
and designed by Reclamation’s Technical Service Center in Denver, CO. This report documents
the final design concept, including design considerations and design details.

Skookum Creek Fish Hatchery is located on the South Fork of the Nooksack River Jjust
downstream from the confluence with Skookum Creek, the primary tributary of the South Fork,
Nooksack River. The hatchery was constructed in 1969. A critical component of the hatchery
water supply is the diversion structure located on Skookum Creek approximately 1,500 ft
upstream from the confluence. Skookum Creek is a-high-gradient natural channel with -
discharges of record ranging from 17 — 3,050 ft'/s. Over the past 30 years Skookum Creek has
experienced considerable degradation that has lowered the effective water surface elevations at
the diversion structure and limited the diversion capacity. Furthermore, the concrete-encased
pipeline that conveys the diversion flow to the hatchery has become exposed. Temporary
solutions have been implemented at the diversion structure to provide sufficient head for the
required diversion flow rates (6-12 ft*/s). However, permanent solutions are required to reduced
‘annual maintenarrce efforts, ensure adequate deliveries to the hatchery, provide adequate
protection for the conveyance pipeline, and implement enhanced fish passage near the diversion
structure. For further information on the existing facilities see the Engineering Appraisal Report,.
Skookum Creek Fish Hatchery Water Supply Intake Modifications, U.S. Bureau of Reclamation,
PN Region, February 1998.

Design Requirements

The design requirements for this project include the following components:

® Adjustable Diversion Structure consisting of a stoplog structure to provide adequate head for
diversion discharges of 6-12 ft*/s over the full range of Skookum Creek hydraulic conditions.
Anticipated need is during low flow periods of August-October. During the remainder of the
year the structure may be removed.

* Gradient Stabilization Structures consisting of two rock-ramp structures located to to
modify the energy grade line and eliminate further degradation along Skookum Creek.

o  Fish Passage Structure consisting of a vertical-slot fish ladder to enhance fish passage at the
diversion structure allowing fishery access to habitat upstream of the diversion structure.

® Right-Bank Rock Structure consisting of riprap protection downstream of the diversion
structure for the concrete-encased diversion pipeline. Large Woody-Debris (LWD) will used
to further roughen the channel and provide habitat diversity.

Design Description

Analysis

An HEC-RAS model of the Skookum Creek reach in question was developed to investigate
alternatives and estimate performance of the channel modifications. A summary of the results is
included as appendix A. Comparison of depth-averaged channel velocities (Figure 1) at various



stations along the reach indicate a significant reduction in velocity along the diversion structure.
This reduction in velocity is due to the upstream rock-ramp modification that lowers the channel
slope to 7.5% at that location. Although velocities, at some locations, are higher than the target
velocity of 4.0 ft/s, low velocity zones will exist due to boundary effects and the size of the
specified material that will be used for construction of the gradient stabilization structures (ie.
rock ramps). In any case, the modified channel velocities were not significantly increased over
the existing channel velocities except at the upstream sections. This result is likely an artifact of
the HEC-RAS model. ‘

Depth-Averaged Channel Velocities
HEC-RAS Results - Skookum Creek

10

[ g Modified (200 cfs)

! e Modified (100 cfs) - - - . - ----- s

D1 e Existing (200 cfs) ;-

Velocity (ft/s)

0 —

12 3 4 5 6 7 8 9 10-11 12 13 14 15 16 17 18 19 20 21 22 23
STA

Figure 1. HEC-RAS Channel Velocity Results. Station designations are from upstream to
downstream and correspond with HEC-RAS river stations 64-22.

Adjustable Diversion (Stop-log) Structure
The diversion structure consists of a concrete sill and stoplog structure. It is intended to provide
sufficient flexibility to meet hatchery flow requirements over wide ranging stage-discharge
conditions while at the same time considering fish passage objectives along Skookum Creek. The
overall height of the structure is 3.5 ft. The structure spans Skookum Creek and is oriented
upstream from the intake to the left bank of Skookum Creek (see dwg OA-57-2, General Plan).
The top elevation of the concrete sill was set at EL 398.50 ft. This was done to minimize
upstream sediment deposition and reduce damage potential during high flow events (i.e. low
profile) as well as sediment entrainment into the diversion structure. Square structural tubing is
set in the concrete sill on 6-ft centers to accept 5x16 wide-flange posts that will comprise the
stoplog structure guides. These guides are intended to be removable to prevent damage during
high flow events since the diversion structure will be required only during low flow periods (i.e.
1August-October). The stoplogs consist of 4x4 wood beams that will span the 6-ft distance
'between guideposts. These stoplogs can also be installed or removed, as needed, to meet
diversion and fish passage requirements (see dwgs OA-57-10&11).
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Gradient Stabilization Structures

Two rock-ramp structures have been designed to provide gradient stabilization along the critical
reach of Skookum Creek, namely from the diversion structure downstream along the concrete-
encased pipeline (see dwg OA-57-2, General Plan). The upstream most structure is the largest of
the two structures and is intended to stabilize the existing debris field located just downstream of
the diversion structure intakes. Furthermore, this structure as designed, reduces the gradient of
the existing channel, along that reach to a slope of 7.5%, thereby improving fish passage potential
during low-flow periods. The downstream structure is required to provide adequate backwater
for stability at the toe of the upstream rock structure and sufficient flow depth for the fish ladder -
entrance as well as reduce the effective energy gradient along this reach of the channel
consequently reducing channel velocities. Both rock-ramp structures consist of large riprap
material sized and placed to maintain stability under high channel discharge conditions (see dwgs
OA-57-4).

Right-Bank Revetment Structure -

The final component of the project includes protection of the concrete-encased pipeline and the
construction of a permanent access road to the diversion structure. A revetment type structure is
intended for such protection and was designed (i.e. riprap sizing) for the maximum flow
conditions expected (i.e. Skookum Creek discharges up to 3,050 ft*/s). The embankment angle of
repose was set at 1.75:1 and the access roadway elevation set such that it will remain high and dry
for Skookum Creek discharges up to 3,000 ft'/s (see dwgs OA-57-5&6). LWD will be
incorporated into the design to provide additional channel roughness and habitat diversity.-This
type of structure was selected over a barb-type structure since the high-gradient characteristics of
Skookum Creek makes the application of barbs questionable from a stability standpoint.

Supervision of Rock Material Structures Construction

The Contracting Officer Technical Representative (COTR) shall assist in the supervision of the
construction of all rock material structures, including the gradient stabilization and revetment
structures. Assistance will be in the form of advising the contractor on the selection, and
placement of rock, and construction of the gradient stabilization structure in particular. Attention
will be placed on fish passage features especially on the downstream gradient stabilization
structure.

Fish Passage Structure

The fish passage structure consists of a conventional vertical-slot fish ladder (see dwgs OA-57-7,
8&9). The ladder is intended to provide fish passage during low flow periods when passage
conditions, over the rock drop structure (primarily flow depth) are less than optimum. Based on a
two-dimensional HEC-RAS model, depth barriers may occur along the upstream rock-ramp
structure during Skookum Creek discharges below approximately 50 ft*/s. The results of the
HEC-RAS Analysis are included as Appendix A. Below this condition the fish ladder would be
operated to ensure adequate passage. Above this condition, the ladder may be operated or
shutdown, as passage potential over the rock-ramp structure is expected to be adequate. It is
important to note that due to the large material size used to construct the rock-ramp structures,
intermediate pools will likely exist such that passage during low flow conditions may be better
than indicated by the HEC-RAS results. Additional flexibility has been incorporated into the
ladder design consisting of removable baffles. The temporary baffles may be removed seasonally
for maintenance. Furthermore, the fish ladder may double as a sluiceway following removal of
the baffles should sluicing of the diversion structure be required. Finally, this configuration also
allows for back-flushing the fish screens to reduce maintenance requirements associated with
manual cleaning. In this case, water may be intermittently drawn through the upstream intake



and passed backward through the fish screens and down the sluiceway. Although such operation
will not likely solve all of the cleaning problems associated with the fish screens since the flow
distribution through the screens will not likely be uniform, it is expected to reduce the manual
cleaning effort.

Operational Plan -
The stoplog structure was designed for the maximum flexibility to maintain adequate héad for the
required diversion flow rates during a wide range of Skookum Creek discharges. Stoplogs may
be installed and removed seasonally, before and after the annual low flow periods for Skookum
Creek (i.e. August-September). During this time stoplogs may be installed or removed as needed
to meet diversion head and fish passage requirements. Furthermore, stoplogs at specific locations
may be removed at any time to provide a slot for fish passage should the upstream rock-ramp
structure provide adequate passage. No fail-safe mechanisms have been incorporated into the
design. Should an unexpected high flow event be encountered, the stoplog structure may remain
in place until it can be accessed for removal. -

During this low-flow period, the fish ladder may be operated to provide adequate fish passage.
The ladder was sized to operate over a discharge range from 10-30 ft*/s. This requires a
minimum Skookum Creek discharge of 25 ft'/s to provide sufficient flow to the hatchery (i.e. up
to 15 ft'/s) while maintaining adequate operational flows to the fish ladder. Below this condition,
hatchery flows may be reduced to provide adequate ladder flow. During higher flow periods
(above 50 ft*/s) sufficient discharge will be available along the rock-ramp structure to provide
adequate fish passage. However, the fish ladder may remain operational, as desired, to enhance
passage.

Finally, the fish ladder, as designed may be used as a sluiceway for the diversion structure. The
temporary baffles may be removed at any time to create a sluiceway. Furthermore, flow may be
re-routed along the upstream side of the screen structure and passed through the screens and
down the sluiceway to provide back-flush cleaning of the screens as needed.

The primary advantages of this design include:

® Operational flexibility in maintaining required diversion heads at the intake structure fora ¥
wide range of Skookum Creek discharges.

* Operational flexibility in operating the fish ladder to provide enhanced fish passage during
low flow periods and a sluiceway during maintenance periods.

*  Operational flexibility in back-flushing the diversion screens to reduce manual cleaning
requirements.

® Gradient stabilization to permanently ensure adequate hydraulic conditions required for
‘diversions to the Skookum Creek Fish Hatchery and fish passage to habitat above the
Skookum Creek Diversion Structure. '

¢ Concrete-encased pipeline protection.

B



Skookum Creek Fish Hatchery Water Supply Intake Modification with
Channel and Fish Passage Improvement

Salmon Enhancement Program
Lummi Indian Reservation
Lummi, Washington

Attachment A

(March 2000)

Hydraulics Analysis

HEC-RAS Data and Results ‘¢
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Skookum Cr. Plan 03 - Existing Channel 03/23/2000
Geom: Skookum Creek Existing Flow: Skookum Creek
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Skookum Cr.  Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct RS =52.75
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Skookum Cr. Plan 04 - Revised Design 03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek

River = Skookum Creek Reach = Diversion Struct SECT F-F, STA 2+00 (Midway upper ramp) RS = 48
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Skookum Cr. Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct SECT H-H, STA 2+25 (toe of upper ramp) RS = 44
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Skookum Cr. Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct SECT K-K, STA 2475 RS = 40
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Skookum Cr. Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct SECT M-M, STA 3+50 RS = 36
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Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct STA 4+31.6 (Crest of lower ramp) RS =32

< - 06 Pt - - .06 . - - - : 06 . >
420 « hd A R » ‘Legend
WS 3000 cfs
WS 1000 cfs
415 | . _ - . . . . . . _ _
WS 500 cfs
. 0
WS 200 cfs
| . - - v
: : : 1 f:
410 |-- el U . e . . WS 00cfs
Ground
®
! Bank Sta
405..5 _ _ e -
I
‘ ]
3 F
/I
— — T -
.
e el i — @R e mew
N
.
— omm - - — Vs -
390- Seem— e e R P el ol
0 10 20 30 40 50 60 70 80
Station (ft)
Skookum Cr. Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct SECT P-P, STA 4+50 (Midway lower ramp) RS =30
A 06 e yemes L 06 e emem i 06 et -.04 - e
420.0 B O T R L AL “ Legend
6 . . S
WS 3000 cfs
: ' : S 1000 cfs
415... — [ e N . _ e . . R . . . R
& WS 590 cfs
WS 200 cfs
VS 100 cfs
410 . . WS __(_)_‘?S
Ground
®
Bank Sta
405
400 .
L] <
L
395 . e .. - ]
I. ,
390
0 10 20 30 40 50 60 70 80

Station (ft)




Elevation (ft)

Elevation (f)

420 o904

415 .

410 .

390

M54

410

405 ; -

400

395 .

390

385

Skookum Cr. Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct STA 4+63.5 (Toe of lower ramp) RS = 28

_ - .04 .. . s B - - .06 R - .04 >
I'/.
- - . - —— —_ —— -r
£
/.-I-I [} — anll
7
oI il I sz @ Tom— bRl /7! . — —_—
—_ X ——— = /:/7/
_ oL e T _‘_'_—'*/
Ny - M / - e R
e __20 e i _40_ _ __ 60 L 5
Station (ft)
Skookum Cr. Plan 04 - Revised Design  03/23/2000

Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum €reek Reach = Diversion Struct SECT R-R, STA 5+00 RS =26
o omz B4 e e e 06 - 04—

;
-
-
-
[ }
a
[ ]
[ ]
o -
- .
..I_I-’
L]
-
- -
.------l-....... 5 . -
a ..... . [ ]
20 40 60 80 100

Station (ft)

. WS 3000 cfs
" WS 1000 cfs

" Legend

WS 3000 cfs
WS 1000 cfs

© WS 500 cfs

WS 200 cfs
_ WS _1-00 cfs

.Ground

®
Bank Sta

Legend

WS 500 cfs
WS 200 cfs.
WS 100 cfs
Gro.uﬁd

[ ]
Bank Sta




Elevation (ft)

Skookum Cr.

Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek

River = Skookum Creek Reach = Diversion Struct STA 5+50 RS = 24
420 ¢ :

Station (ft)

.04 »-< 04 v
0 * Legend -
4 .
WS 3000 cfs
415 WS 1000 cfs
WS 500 cfs
WS 200 cfs
410 v
WS 100 cfs
o w .
Ground
°
g 405 - Bank Sta
[ - R
g : : ’
© L4
H .
w 400 8 »
.
-
?
.. ®- -
L ] /’
395 e — o _ o
a /
s ’ -
. -
[] .. _ - —_ _ .
- "
390 whedier } - e _
A Y e g -
.- _v- - SR L
] -
] - - ® se e %
385 - [ B ; R -
0 20 40 60 80
Station (ft)
Skookum Cr.  Plan 04 - Revised Design  03/23/2000
Geom: Skookum Creek Mod & Excavated Flow: Skookum Creek
River = Skookum Creek Reach = Diversion Struct STA 6+00 (Duplicate of River STA. 24) RS =22
¢ . _ IR 04 L . R 04 ... 3
420 % , SOl TIDToL o : . R b “Legend
4 ol e LT
WS 3000 cfs
415 ] - WS 1000 cfs.
WS 500 cfs
WS 200 cfs
410 .
WS 100 cfs
bd - -
Ground
o
405 Bank Sta
L]
H ’
’
L
400 a -
-
)
: @ -
395 ,
i . - T
- F
» . ' 4
390  wledmes -
: - et °
385
0 20 40 60 80




Skookum Creek Fish Hatchery Water Supply Intake Modification with
Channel and Fish Passage Improvement

Salmon Enhancement Program
Lummi Indian Reservation
Lummi, Washington

Attachment B

Drawings

March 2000
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: N612,750 ] ) rood widenin

s Fish lodder structure, + N612.750 El. 403.0 g
see OA-57-~7 NOTES

DESIGN CRITERIA:
——Approximate location Opox = 3,050 cfs (Maximum recorded — Nov. 27, 1949)
of cofferdam Width = 33 feet (ot toe of gradient restoration st-ucture)

. Stoplog structure, g"’Pezj;OX (0.1 rod}
: Existing grouted riprop see OA~57—-10 W™ £
to be removed, Bs) C,~ 1.0
( ) ;/ Angle of repose ~ 40 degrees (0.7 rad)
MATERIALS:
C (5) Rock drop (Gradient restoration) structure:

Rock size D100 < 6.0 feet
D50 > 3.5 feet
- D10 > 0.5 feet
Rock density = 140 Ibs/cu. ft. minimum

Access road embankment:
Gravel surfacing — Clean roadway base material
Grave! fill — Aggregate base surfacing
Riprap protection ~ Rock size D50 > 3.0 feet

Existing grouted riprop
(to be removed)

Concrete ot 28 days f'c = 4,000 psi

Construct rock drop Grout f'c = 4,000 psi

Sto. 2+30.0 structure #1, see Sta. 1+80.0 Reinforcement fy = 60,000 psi
£l 393.0 General Notes £l 396.75 . Structural Steel __________fy = 36,000 psi (ASTM A36)

! 1
see OA-57-3 and OA-57—4
GENERAL NOTES
Elevations and dimensions of existing chonne! and apparent
features may vary from those shown.
Existing site concitions may vary from those shown on this
€ Skookum Creek drowing.
Creek bed may be gravel, cobble, boulder or sound rock.
Creek bed and banks are to be cleored of all debris prior to
2 . beginning construction.

Existing grouted riprop
(to be removed)

N Excavation of the creek bed and bank shall be as directed
Limits of }/ N by the Contracting Officer’s Representative.
encosed (6) Excavate unembedded and surfaciol material (less than D50)
only. Do not remove any competent material during construction.

Sta. 5+80 pipeline
Begin access E
road widening
£1.395.0

Rock placement shall be as directed by the Contracting
Officer’s Technical Representative.
Construct rock drops with tech. supervision ond spetifications

Sto. 4+31.6 . provided by Contracting Officer’s tech. represenative prior to
El. 393.1 o and during construction. .

’ . Rootwads required at Sections L—L, M—M, N—N, R—R and ot
Station 5+50. See drawing OA-57—7 for typical installation.
Install rootwads with tech. supervision provided by
Contracting Officer’s tech. represenative prior to ond during

construction.
Canstruct rock drop REFERENCE DRAWINGS

Sto. 4463.5 General Notes LOCATION MAP 04A-57-1

o ; q EXCAVATION PLAN 0A-57-3

8 £i. 390.0 SECTIONS, SHEET 1 OF 3 04-57-2

M SECTIONS, SHEET 2 OF 3 05-57-5

xS SECTIONS, SHEET 3 OF J 0A-57-6

g FISHIADDER STRUCTURE, SHEET 1 OF2 =~ DA-57-7

w FISH LADDER STRUCTURE, SHEET2 OF 2 ____________ pA-57-8

FISH LADDER BAFFLE 05-57-9
:L— + STOPLOG STRUCTURE, SHEET 1 OF 2 0A-57-10
- STOPLOG STRUCTURE, SHEET 2 OF 2 O4-57-11

— GENERAL NOTES AND MINIMUM REQUIREMENTS FOR
DETAILING REINFORCEMENT 40-D-6263
- MISCELLANEOUS METALWORK
TOP MOUNTED PIPE GUARDRAILS __ _~~~~~  40-D-6592
2 2 40 s . GENERAL CONCRETE OUTLINE NOTES ________ 4p-p-70:2
SCALE OF FEET
6P ALWAYS THINK SAFETY
UNITED STATES
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BUREAY OF RECLAMATION
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] SALMON ENHANCEMENT PROGRAM
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O0A-57-3

w

3

Sta. 5+80

o
o
a
<
o~
A
o
~+ner2750

Begin occess

road widening
£l 395.0 -

\

\

ELEVATION

\f— £ 1.324.500

.__._..k

L
=

o
~+-ne12.750

Sta. 2+30.0

Sta. 2+44
End access
road widening

Excavation for rock

Concrete apron to be
removed os directed by
the Controcting Officer’s
representative |

8
e
g
-
N 612750 -

Existing intoke
structure

\\\§J f

S

Sto. 1+80.0

£. 393.0 drop structure 41 £l. 396.75
(Gradient restoration '
structure)
€ Skookum Creek
Limits of
encased
pipeline
Sto. 4+33.53
£l 3911
xcavation for rock
drop structure #2
. Sta. 4+63.5
. £l 390.0
v p Bl R 9
) /%/ SCALE OF FEET NOTE
— — :
N 612,500 5 - For general notes, see drowing OA—57-2.
N 4104 Top of concrete 7 J_ :
encased pigeline -~ LT T T T T e e e e
AN : - Intoke structure ]
- Top of concrete e R — ‘
encased pipeline
4004 / P 400 Original £l 396.75
z creek bed ‘ot . TrTTTrTTTTTTT T e e e
A .
original rcovote to firm g £.3930 €B ALwAYS THINK SAFETY
£ 390.0 creek be L surface, 2.0 minimum < -\ AT T T T T T T T UNITED STATES
\ __________ Q DEPARTMENT OF THE INTERIOR
390 “390 L y BUPEAU OF RECLAMANION
g -1 Xis ‘(’1"90%;3;’9 NADVE AMERICAN ASSISTANCE PROGRAM
End excavation e g:eekc bed Excavote to firm surfoce, 2.0 minimum for egin excovation SALMON ENHANCEMENT PROGRAM
Sto. 4+663.5 Exéi’t;,l,je 9;:7::‘: ZZZ End excavation keying in rock drop structure. Bottom of Sto. 1+80.0 LUMM! INDIAN RESERVATION - WASHINGTON
360 - sisting grovel ond Begin excavotion 380+ Sto. 2430.0 maybe rock, cobble. grovel or bedrock SKOOKUM CREEK FISH HATCHERY
cobble creek bed Sto. 4+33.53 EXCAVATION PLAN AND_SECTIONS
T Y T T 1 ocsiovep B 4 WTUER cueoep F_TAN /S KUBITSCHET L
oo STATION 30 “roo J‘OOSTATION 2‘25 2‘00 1475 DRAW _DJ._BWU_‘N‘ _______ TECH APPR. _ _ _ _ h e m e a o -
ROCK DROP STRUCTURE #2 ROCK DROP STRUCTURE #1 ACPROVED _ _ _ _ _ -
PROFILE P P » » PROFILE AR T T

'l
SCALE OF FEET
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5 4 3 2 1
QA-57-4 J
[ P
Construct rock drop structure #1
Begin new End new access road L
occess rood Sta. 2+44 Existing intoke
Sto. 5+80 Construct rock drop structure
10— X structure £2 Top of new El. 403.0 410
access road
Z 4004 El. 395.0 ) 00
<= [ T 1T L T T - |
390 b
g‘: ) 390
380 .
6400 5450 5+'oq 4450 4400 3450 3400 2450 0
STATION
SECTION A-A
‘/’T—-_—--—--—_-——_——---_—--__-_--——--_—-*4-——-—--—}
410 — . 7 ‘ |
£nd new § " 1 l
access roo - T e e e e e -
Top of new Sto. 2+44 / L ]
access road 1 -
‘\ ! .- I Intake structure . s
N = ' kookumn Creek
\ ,114.’ ‘ _I _\ Existing
l_--—--—~--—-———--—--——--——-—-—-- ! v El. 396.75+ . concrete apron
Toe of access . g
400 — road
b - Existing grovel, cobble o
ond boulder creek bed Original c
z creek bed £l 393.0+
: B
g Existing grav
-xS: j !;F:é . cobble and
590 , E;‘::c,’nvf,:f,;i,;’ r;:,skue;f:f; ’ boulder cre Original creek bed L Approximate undercutting
) in rock drop structure Excavation to firm ::;‘;;:e ::%i:‘::t;eotls;: e
around large Bottom of excavation . . surface, 2.0 minimum and fi//gwifh rock P
. rocks as may be rock, cobble, Begin excavation
";”’,‘Lf_’;ii"'?fl"’" directed gravel or tedrock as'fd rockfill TYPICAL SECTION
ta. 1+80.0 : ~
Sto. 2+30.0 Construct rock crop structure #1 ’ ROCK DROP STRUCTURE f 1
: (Gradient restoration structure) > Z“——
380 4 O i
] I R ] "
3+00 2+50 2425 2400 1+75 ]
STATION )
ROCK DROP STRUCTURE #1
PROFILE .
. . Original creek bed
Excavation to firm
Top of new surface, 2.0 minimum
/ access road
400 — .
) = . TYPICAL SECTION
Y R ROCK DROP STRUCTURE #2
Top cf rock - p -~
Original £l. 393.00 oo
creek bed Sto. 4+33.53-] /  occess
. _ - NOT.
g < For general notes, see drawing QA=
< 390 — :
- = El. 391.1%
S \_—W Excovote to &L -
£1. 390.00 firm surface, £1. 391.07 o
Existing gravel, cobble 2.0 minimum Existing gravel, cobble @ ALWAYS THINK SAF' i [
‘ d bould k
and boulder creck bed . Construct rock drop structure 42 \ L ond boulder creek bed DEPARTOE A 52 et TNTER 1OR
g’;g r:i‘g.;HS 3 (Grodient restoration structure) Bsetgm[-f;‘;f gil: } BUREAU OF REGLAMATION
. . a. . PROGRAM
T e S s
LUMMI INDIAN RESERVATION - WASHINGTON 2
e T 1 SKOOKUM CREEK FISH HATCHERY
5400 4450 £400 ROCK DROP STRUCTURES #1 AND #2
Station ’ AND SECTION A-A
ROCK DROP STRUCTURE ,)(‘2 CHECHED_ F TAY /e XUBITSCRE
PROFILE TECH APPR. | L e e =
' AT AND nuf’ LOTTED
DA-57-4




2 4 3 2 1
. 0A-57-5 | |
430 430 430 — 430
/—— € Skookum Creek /— € Skookum Creek ] /— € Skookum Creek /- € Skookum Creek
420 420 420 420 - Intake structure
Intake structure
8 s s 3 0
% 410 4 T 410 - Future stoplog Intake structure = 410 - Future stoplog 2 4104 o
S % structure _l & structure 5 Existing boulider
- -
w w w o
400 400 f— -~ —— 400 l:__ 400
S — e .- =1 T
390 T T T T ! 390 T T T T — 390 T T T T 1 390 T T T T T 1 S
~-20 -10 0 10 .20 30 -20 -10 o} 10 20 30 -30 -20 -10 0 10 20 30 -30 -20 -10 o] 10 20 30 40
SECTION B-B SECTION C-C SECTION D-D SECTION E-E
_ (STA. 1+00) (STA. 1+15) (STA. 1+30) (STA. 1+50)
C
420 420
/—G Skookum Creek /— € Skookum: Creek
Intake structure Ramp to
intake structure
2 4104 410 4
S Rock drop Rock drop ‘
> . structure f1 structure #1. ‘
& Original Existin Zz o
o creek V' boulder g i c I ‘
400 < 400 i ¥
— & | A i i
d . v B
Existing
1:1 concrete . .
39004  Limits of 390 m NC,} g’ ij St
excavotion Limits of excavation °
Original creek bed anga @, 2
FOR CONSTRUCTIO
380 T T T T T T 7 380 T T T T T 1
-20 -10 4] t0 20 30 40 S0 -20 -10 0 10 20 30 40
SECTION F-F SECTION H-H
8
(STA. 2+00) (STA. 2+25) NOTES
Sections B-8, and £—E are intended to show the creek bed
- only, there should be no construction in these oredsgP
this time.
For general notes, see 2.
420 4
"1D.0 Mox. access rood
€ Skookum
k
410 Creei~
s
= Original
< 400 :;‘ge’:fbed_ 2.0 Concrete cover
é Existing concrete @
“ encased pipeline ALWAYS THINK SAFI l Y
UNITED swrsn_ on
. N . PARTMENT OF THE INTERIO:
390 Place gravel fill only ogoinst fish ladder xzuaafforkzcumum
NATIVE Aufkgow Agggﬂg%&pgmu
3 :7':“: ; :3 surfoce Fz:fudr; h‘s? . Luwrsrdbg?fN gzﬁ?gﬁvnmrv — WASHINGTON A
r
adder structurs SKOOKUM CREEK FISH HATCHERY
380 T T T T T 1 | ROCK DROP STRUCTURE
-20 -10 0 10 20 30 10 50 ] SECTIONS
CHECKED_FUTANS S SUBITSCHES
SECTION J—J TECH APPR. . o mmemmo
(STA.2+50) e SR e
T CAL AND TIME PLOTTED
A— —




¢ 5 4 3 2 1
VA-57-6
g € Skookum 10.0 Mox.
10.0 Max. ” Creek access road
410 € Skookum gecess roa 410 \|
Creek
El. 402.5 i
\‘ I £l. 402.0 ‘\ _"[ ‘ﬁ[‘i 2 10.0 Max. access road.
Existing ground ] Rootwads
99 e - . Existing ground
400 Existing concrete 400 - . Existi 4" Grave! surfacing .O—orie. s
z eret z 1.75:1 -O Existing concrete surface
g encased pipeline g | encased pipeline . .
é é Rootwads. Locations shown on .
w @ RPN Existing ground this drawing and (-2). Place —
. - Z i k -Gravel fill
390 380 P surface at quarter distance up slope ;
— ] £l 391.53 excavation 1 . 390-0 Limits olf' 2.0 Concrete cover
’ . exeavetion ~~——Existing concrete
Creek bed 9 g
180 . | : : : , 380 . . - . - encosed pipe
-20 -10 ¢} 10 20 30 40 -20 -10 ¢} 10 20 30 40
SECTION K—K SECTION L—L 2.0 Minimum
STA. 3+00 excavation or
( STA. 2+7 5) ( ) as directed = Approximate undercutting
at some focotions, fill
gravel fill void with gravel fill
- ~ -
4.0 Riprap protection TYPICAL SECTION
ACCESS ROAD EMBANKMENT
420
10.0 Mox.
‘ ccgegs :;Jd € Skookum 10.0 Max.
410 € Skookum 1 410 Creek access rood
Credk —__| : \\I
El. 400.4\ —¢{4.0}— )
PU—— § Rootwads -\-l 149
% 400 - ] s ‘ < 2 400 ﬁ
.75:1 z ;
u O N g Existing concrete
Existing concrete g encased pipeline g Vs
\.j\ encased pipeline o DO F‘ﬁ{ ;g € 45 SE
390 11 350 —~ lk” £ {%
El. 390.0 Limits of ground surface Limits of ——
Existing excavotion £l 390.0 excavation Fo R CON S ¥ GCT l ON
ground surface et ’ H ‘
380 - T T T T 1 380 T T 1 T U T 1
-20 C =10 .0 .10 420 30 40 - =30 -20 -10 o 10 20 30 40
SECTION M—~M SECTION N-N
(STA. 3+50) (STA. 4+00)
NOTE
For general notes, see 2.
10.0 Mox. 10.0 Mox.
410 410 - -
] € Skookum gccess road access road
I Creek
.. ! ¢ Skookum
Origina!l Creek
- 400 - Rock drop creek bed i . 400 -
S structure #2 t 1.75:1 = isti
= .75: L. = Existing concrete
< Existing concrete ] e
& encosed pipeline % éncased pipeline @ ALWAYS THINK SAFE[Y
w1l TR RS ) -
390 390 Dﬂaan:’:A{Yrgg ﬁ:‘?mrwon
BUREAL' OF RECLAMATION -
reti, TIVE AMERICAN ASSISTANCE PROG)
€1, 389.5 ti Existing ground ! Existing NATTSCCMON ENHANCEMENT PROGRAM
. . | excavation surface | ground surface LUMMI INDIAN RESERVATION ~ WASHINGTON
380 ' . } . T - . 380 r . ! . T : . T . SKOOKUM CREEK FISH HATCHERY
-30 -20 -10 ] 10 20 30 40 -30 -20 -10 0 10 20 30 40 50 60 ACCESS ROAD
SECTIONS
SECTION R—R
SECTION P-P (STA. 5+00)
(STA. 4+50)
10 10 20 30
Law i 1 i J
SCALE OF FEET




5 4
- 3 2
OA-57 -7 ’ ( ] 1
- 43-0" \ : . o
Existing intake structure Temporary woll in existing
38'-0" 50" . intake sfructure to be removed
8-0" 100" 10°-0 10°-0” 0 X |
0 : A
N -
Bl‘>’ © ° Edge of opening in -7
. . . -
5 existing intoke structure . = ~—"
} D =S| - -
L . . C My ? =14
Boffle, see (-9) Guardroil required . £1.397.67 - D ( — 8)
this side of ladder o s/ : . 2-0" ~—— Permanent concrete wall to -
only, (40-D-6592) X ~=lope =~ - — ' replace temporary wall. \
. bS -
) £l 397.67 -
' _
————————p [ Steel angle brackets for
N
B (—8) > © 4 X 4 stop logs. See A .
. Detail A (-10) ~ - -
c(-8)
PLAN s
Existing intake structure
- 380" -
C e~ _pe i
2-0 8-0 10°-0 10°-0" 10°'-0" 5'-0~
/ /—E/. 406.67
Gucrdrail (40-D~6592) _._-—————-'—'// H
ucrdro’ —-D~ \ {
[
== |
" |
: \_.Existing intake structure R E.- M S N
Sloped guardrail . : PL AR v [
similor to 40-D-6592 o 1
£1.400.0 X
\ i \\‘ o [ L= Stoplog brockets N T S E
<
. /-Guides for baffles, see (-9) "
? < El.397.67 |
: ; N R . /-E'I. 397.67 v ' . ‘ _
B 50~ Q. - =T
' N
o - 15010, coch we « j~-— Existing intoke structure
Riprap =, way, - <
top and bottom faces X Place ‘'sponge —rubber
i Original ground surface > - filler ogoinst existing NOTES
1 Assumed rock surface structure to prevent N
e 7 adherence For general notes, see drawing OA~57~Z.
_ Excavate to sound rock. Guardrail details to be similar to those an drawing
I'SOYdO, eoc;h way. Floor thickness shall be 40-D-6592 except: 1. Use adhesive cnchors in lieu of
or and neor foces 9 —inches minimum expansion anchors. 2. Fabricate quordrci! for sioped
Trench slope concrete surface where recuired.
B——— ond cleorances —
shol! be cs SECTION A=A
directed
€5 ALwars THINK SAFETY
UNITED STATES
OEPARTMENT OF T™E INTERIOR
BUREAU OF PECLAMATION
NATIVE AMERICAN ASSISTANCE PROGRAM
’ SALMON ENHANCEMENT PROGRAM
LUMMI INDIAN RESERVATION ~ WASHINGTON
SKOOKUM CREEK FISH HATCHERY
FISH LADDER STRUCTURE
PLAN, SECTIONS AND DETAIL
4 ! 3 | 2
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“0A-57 -8

Trench siope
and clegronces
shall be as
directed

Guordrail required
but not shown—
N

8~

’ /—E/A 406.67

/ Existing intake structure

Bafftes not &
shown .

J-/

S

#5010, each way,
top and bottom faces

-Excavate fo sound rock.
Floor thickness shall be
9 —inches minimum

SECTION B-B (-7)

£i. 406.67

1 N

} }- #60@1-0
4
A

- 1

(L4

3" Min. cover
on end of #6 dowels

SECTION D—-D (-7)

faces, both walls

Elevotion vories

: #6 © 1 -0 dowels, epoxy into
[ floor of existing structure
23~ | Floor of existing
Splice / structure

- &7
Elevation varies
£1. 397.67 ,' 7—[597 ~0 each way, both

Riprop

Existing intake structure j

>

77272222

7

7

.

This portion of existing wall

is to be removed. Dimensions
are to be verified in field.
Surfaces of remaining concrete

shall be smooth

This portion of existing wall to be added
by new construction as directed.
Dimensions are to be verified in field

«— Outline of fish_tadder

contact with existing
intaoke structure ond
new construction. Use
sponge—rubber fitler
between structures to
prevent gdherence

Existing intoke structure

SECTION C—C (-7)

&
Il
&
n

£
ﬁ

NOTES

for general notes, see drowing 0A-57-2

€8 ALWAYS THINK SAFETY

UNITED STATES
DEPARTMENT OF THE [NTERTOR
BUREAU OF RECLAMATION
NATIVE AMERICAN ASSISTANCE PROGRAM
SALMON ENHANCEMENT PROGRAM
LUMMI INDIAN RESERVATION — WASHINGTON

SKOOKUM CREEK FISH HATCHERY
FISH LADDER STRUCTURE
PLAN, SECTIONS AND DETAIL
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“ QA-57-9
3114~
S A R T A Yo" — DA B ;
- - 0 . _0 'a - - O . _° 'o - - 0. 'O -o - - - 0 . _o ° - Lifting eye B A : Lifting eye
° . C e L - Sl . - C e L - C e | < ~ 19" x3"x §“6061-T6 c 4
- e T S S R S ] " Extruded aluminum tube ¢ §r6061-T6 13" x3"x§76061-T6 Lifting eye
° e © ° ° © - °- o © ° ° © 1 Aluminum pfa?e\ ‘ Extruded gluminu~ tube \
< = — ; 1 'X\ |
J | \ !
| |
Lifting eye ——~/j'60§7—T6 i |
Aluminum plate _<J |
. , ] I
1§ x 3 x 4" B ( /
606 1-T6 Extruded : /
ol ‘
oluminum tube \\2 . \If”xj”xi"EOGT-TE { //
N ‘ Extruded oluminum tube ] 1~ 6061-T6 ) ¢
~ ) | z )
n ?‘ Aluminum plate —| /
N v:m Fg" - t
= — '
ot |
- NS & . | ] Ooen
. i £S | | 7:
. | !
! | . |
I |
| ] Open /
| . | ! /
.\ | -~ Aluminum L 13" x 2" x 15 % ]I Aluminum P
p ™ I - L]i"xz"x-,%"
© i
. - { ! ~
- 'Q x 3 2 |
T o IS
! —Rr= 14 B 3 / : " 7 |
i - - - : : ‘ - | !
4 6061-T6 . t ‘ | ; 3
‘ Aluminum plate, o~ : x5 e g . - ‘ 2 ] -
| top to bottom x3"x ] | ’
o bottle : : 6061~T6 Extruded
| aluminum tube :
£ i I
FLOW El N\
1 1
. N L -
Open

|
|
¥
1

1'—10%"

i
i 13" x3"x§”
6061 —T6 Extruded
47 6061-76 o/uminum tube

Open

|

1
1 1 i “x3"x i - ] s . ¢ I
VIOl 5061 -T6 Extruded :,2 <o ) Aluminum plate to |
= | eluminum tube - l top of baffle :
\ - 1

See Wall ] 3 6061-T6 Fish g;d_d;;s_t;ucture, : Xv ‘

Support Detai(\ ]- Aluminum plate see | ‘

! {

| r

o T .o o © .- ° - O
s . . - - - N - S Extruded gluminum tube

° o o - : e - A - A e - ’ . / )
s » o . o_'o- o ) o . . o_'o. . ) o . A o"o' o /O .. c,'O t $—£|7—<TYP SECTION A—A
R R o - -0 - . o - -0 - . o - P >

R : . . . . ; oL - - . ¢, A _ 14" x3"x 4" 6061-T6

° Q . ° o . . . )
S - P s ~ s g - . s .y
PLAN , ELEVATION — BAFFLE £
4 Baffles Req'd € { - Dia. hole in angle for § ~ dia. ri - . 25 ’ , 75” . . . Lo o ) NOTES
For locations, see (-7) odhesive anchor.spaced at 8 —inches A f 23" x2"x§"x4-0 Long steel angle. i 1 * Dia. aluminum rod g For General Notes, see OA—57 -2
’ maximum on center with 5— inch Mount on srdetvalls of fish M for lifting eye (2 req'd) % Golvanize oll ferrous metalwork after fobric
embedment ond steel wosher—/ i . ladder. 4 req’'d per boffle g ‘ Dimensions, welds ond details show are tr e
@L ~ @ 12"x3"x §6061~T6 a.,J similar conditions.
; N Extruded aluminum tube r i
r 1 - Z -
- N B . O— B - el L | i 0» K ~ ;
e e T e T e | 7 e PRI+ €3 ALwAYS THINK SAFETY
1 o | .- o . .- N | — y fowaa GNITED STATES
o} - 9 - o O - © o (o} 1 z - £ DEPARTMENT OF THE INTERIOR
S ° o T o - S v | w BUPEAY OF RECLAMATION
. . I
. - ' o c e - ' S C e —*K—\ l Q Z NATIVE AMERICAN ASSISTANCE PROGRAM
- § : ) { y ' SALMON ENHANCEMENT PROGRAM
£ - o Te - "o e I e ™ f e LUMMI INDIAN RESERVATION — WASHINGTON
° PO . P ' o : SKOOKUM CREEK FISH HATCHERY
S e ty|o o- o - | B ‘\311505,_@ ez O FISH LADDER BAFFLE AT
L g . ) Aluminum plote B R ! ‘ U/ PLAN, ELEVATION, SECTIONS AND D, L
| + T —I— R Y L P ) CHECHED_G_SHERARD /oy XUBLTSEEL _ _ _
b . - T T° S O 0 N N .t x,} _______________
SR SO - SR PUPIEE WO -SRI A . XK | e
7 Load r 1 Y 1 Y il 1]2 -r N — @ por 213 x:v TIWE VLU!";FD
WALL SUPPORT DETATL SECTION 8-8 e sy

ot "
SCALE OF THCHES




“« 5
QA—-57-10
>
) (o]
Existing - g <
structure =) K
7 GA 5 £1.402.5 Replace excavated b
L, ] ) :
£dge of existing = Removable W 5X16, . [ #6810 TN Z(:Li:(e{g ad
MK 10-A \ See Deta/IA\ 46810 ew - — S
! N 28 ———
f ™~ _A A [ Py x4 x4 with [ | )
\/ ! ] 13 “ dia. hole. Tack B
See Detail A . l | T weld hex riut to plate.— —— #5688 ew, see notes
i L. . 4X4 Stop logs ‘ Lo . T
54°=0" (Length of structure may be adjusted to fit field conditions) P 109 ‘ T e pel Y | —Excovate to sound rock.
e ; / Trench slope and
Piace sponge—rubber ) ¢ s cleorc~ces shal!l pe
filler ogainst existing : as d.rected
structure fo prevent
odherence PLAN
10 s 10 15
| P Y _ L 4 ¢ 2 1 1 1 31 1 ) .
SCALE OF FEET —— o Varies H ]
o lL—1 ~ dia. high strength rock bolt
ER (Witliams 875 120 ksi minimum)
Varies 54'-0" (Length of structure may be odjusted to fit fieid conditions) | 16" § © with"spin—lock mechanical anchor.
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Skookum Creek Fish Hatchery Water Supply Intake Modification with
| Channel and Fish Passage Improvement

Salmon Enhancement Program
Lummi Indian Reservation
Lummi, Washington

Attachment C

Cost Estimate (Feasibility Level)

Revised March 2000
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cooe: o179, ESTIMATE WORKSHEET SHEET 1 OF 1
FEATURE: 27-Mar-2000 [PROJECT:
‘ Native American Assistance Program
Skookum Creek Fish Hatchery Salmon Enhancement Program
Channel Modification and LOCATION:
Access Road Widening Lummi Indian Reservation - Washington
(Concept Design) Revised 3/27/2000 FILENAME:
H:\HOME\CIVILENG\PRONLUMMNSKOOK UM\COSTEST3. WK 4
PLANT | PAY UNIT
ACCT. | ITEM DESCRIPTION CODE QUANTITY UNIT PRICE AMOUNT
1 |Furnish and Place Riprap in Channel 350| C.Y. $45.00 $15,750
(D10=6",D50=3f, D100 =4.5 ft.). Placed as directed, not dumped.
2 |Fumish and Place Access Road Subbase Material 450| CY. $45.00 $20,250
(Placed as directed, CLEAN (Washed) Subbase material, 3" to 12" size.) '
3 |Furnish and Install Geofabric SF. $5.00
(Mirafi 1160N. Placed after foundation preparation and at bottom of new riprap.)
4 |Foundation Preparation for Rock Drop Structure 200 C.Y. $25.00 $5,000
(Remove gravel and cobble material from exist. creek bed and dispose on creek bank, and move large rock on creek
bed, as directed. Quantity will vary from 50 cy to 200 cy. ) )
5 |Foundation Preparation for Access Road Widening 480| C.Y. $25.00 $12,000
(Excavate gravel and cobble material from exist. creek bank, and dispose on creek bank as directed)
6 |Fumnish and Place Access Road Surfacing 30| CY. $45.00 $1,350
7 {Furnish and Place Riprap on Roadway Bank 500| C.Y. $45.00 $22,500
(D10 =6", D50 =2 ft,, D100 = 4 ft.). Placed as directed, not dumped.
8 |Furnish and Place Concrete (Cement included) 75| CY. $700.00 $52,500
9 |Furnish and Place Reinforcing Steel 4,000| Lbs $0.90 $3,600
10 {Fumnish and Install Rock Anchor Bolts 801 LinFt $45.00 $3.,600
Furnish anq Install Miscellaneous Metalwork (Fishscreen 2.500| Lbs $6.00 $15.000
11 Jand handrail)
12 [Mobilization, +/- 8% 1| LS. $12,000
Subtotal $163,550
Unlisted Items  (+/- 15%) 1{ LS. $24,450
Contract Cost $188,000
Contingencies (+/- 25%) 1| LS $47,000
Field Cost $235,000
QUANTITIES PRICES
BY F. Tan BY CHECKED
e e - N Daniel L. Maag )
DATE PREPARED APPROVED DATE PRICE LEVEL
03/27/2000 03/27/2000 J




