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3.5 Fish Passage Criteria
Fish passage through this structure is an important benefit of the rock ramp design.
The existing concrete weir wall is a major fish barrier that disrupts the nver's natural

ecologic functicn.

Fish passage goals for this project includes providing at least pari-season passage
for both non-native sporifish and native non-game fish. Based on input by Mike
Ruggles of Montana Fish Wildlife & Parks at the project kick-off meeting on February
26, 2014, important species to be considered as a part of the fish passage design
include brown trout (non-natrve sporifish), dace, and white sucker (native non-game
fishj. This list could also possibly be expanded to include ling, which though not
currently present in the Musselshell River, may be reinfroduced to downsiream
locations in the future.

Table 3-8 Fish Swimming/Jumping Abilities

Surst Jd i Data Sou
wrmping rce
) Swimmming . Spawning
Species Ability (See Notes
Speed Time Frame
cm [fi) Below Table)
cmi's [fitfs)
Browe Trouwt 250 (B.2) 45 1 Fall
Ciace T1-82 (2.3-2.T) 15 2 Spring/Summer
Wihite Sucker a0 (2.8) 15 2 Spring
Ling 80 (2.8) 10 1,2 Winter

1. US Forest Service Aquatic Organism Passage FishXing Sofware (3.0.20)
2. Espenenceiunpublished data source

Each of these fish species has different abilites relatve to swimming speeds and
jumip heights which must be taken into consideration as a part of the passage design
process.  These fish speces also have differing migration time perods for moving
upstream io spawn. As a part of the B0% design, we have collected biclogical data
for each of these species from published sources, unpublished academic sources,
and previous project expenence. Reliable data related to fish swimming and jumping

abilities is seversly limited in literature sources, especially with respect to non-game
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species. For the purposes of this 80% design effort, we are using the design data
shown im Table 3-8 for each of the target species.

Data sats for the swimming and jumping abilities for non-anadromous fish spacies
tend to present a wide range of varability. The values presented are consensative
abilities for each of the species based on currently available information. As is
demonstrated by Table 3-8, the fish species of interest typically move upsiream fo
spawn at widely different imes of the year, and have significanily varable abilities o
negotiate a fish passageway.

Based on previous experence, hydraulic calculations, the melative abiliies of the
various fish species, and the seasonal varation in flows where passage is desirable,
we believe that a pool and rock weir fishway will provide the best opporiunity for fish
passage within praciical site constraints and project budget.  As cumently designed,
the low ficer channelfishway average an approximately 8-inch drop between pools.
The rock at each pool drop will be growted in place to create a wery short
rifle/passage secton allowing the smaller fish species with lesser jJumping abilities fo
burst through localized chamnels between the rocks.

The pool and weir fishway design is not anticipated o provide full year passage for
all targeted species at all fiows. The intent is to provide appropriate design
components in the low flow chanmelfishway o allow passage windows for a
particular species at the approprate time of the year.

Results from the RiverFLO-20 modeling efort verify that the fishway design provides
significantly lower velocities at all flows between T5 ofs [low flow) and 8,618 ofs (100-
year event) than in-stream velocities across the diversion to the left and right of the
fishway. Table 3-T presents an overview of anticipated fishway welocities at vanous
modeled flow rates, timing of the anticipated flow rates compared to each fish
species prefermed passage window, and the potential for fish passage during the
anticipated passage window. This data is derfved from the RiverFLO 2-0 results
provided in Appendix A1.
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Table 3-T Anticipated Fish Passage

Modeled Flow Anticipated Fishway
Flow Rate Timmireg of Species of | Velocity Fish Passage
Event (cfs) Flow Event Concem [ft's) Potential
Bz Tirouwut fas
Lnar Flow 75 FallWint=r _ =2
Lirg
Fre-FPost Crace Likely
500 =3
Spring Runaff | White Sucker [Ses Discussion)
Crace Marginal
2 -Year 1,375 Spring ] ~4 ) ]
White Sucker [Ses Discussion)
Crace Unlik=hy
100 - Year 8,616 Spring ] ~& ) ]
White Sucker [See Discussion)

As can be seen from review of the table, fall and winter passage of brown trout is
achieved by the proposed design.  AlRhough not curmently present in the system, it is
likely that adult ling could also bensfit from the propossed fishway should they be

reintmduced.

The passage window for dace and white sucker is anticipated fo occur before and
afier the sprimg runcff peak. At rver flows of up to 500 cfs, the average velocity in
the fishway is less than 3 ft's. The fishway design incorporates gaps between the
rocks at the weirs, and in all imstances, a minimumn of & inches of reveal will be
mainiained between top of grout and top of rock within the fishway. This design will
create localized low welocty regions through each weir and along the botiom of the
poods to sllow for resting and cover areas to faclitate upsiream passage of these

Species.

The RiverFLC 2-0 model treats each rock weir as a smooth and level orest, so the
velocities calculated by the model are conservative. The model calculations also do
not reflect the presence of the interstitial gaps betwesn the rocks. Based on theses
imherent limitations in the model and prior experence with this type of design, the
probability of successful upstream passage of dace and white sucker at flows up o
500 efs is high.
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For flows nearer to bank full (2-year event or 1,375 cfs), velocities in the fishway
begin to approach 4 fi's. At this velocity, it will be more difficult for dace and white
sucker to move upsiream through the fishway. Some passage is still likely due to the
design of the fishway providing for localized low velocity areas as discussed above.

Cince flows begin to exceed the bank full event, the potential for successful upstream
fish passage through the fishway for the spedes of concern likely presemt
coincidental to high flows is limited. Howewer, the river begins o access the right
bank flocd plain at flows exceading the bank full event. Cnce river flows extend into
the floodplain, any upstream passage will likely take place outside of the rver

channel and in the ficodplain.

3.6 Structural Design

The structural design for the rock ramp diversion ensures that the conerete crest is
stable and adequately connected fo the existing concrete crest and slab under the
anticipated loading conditions. The struciural design of the diversion also includes
the concrete wall and wallkway for the sediment sluiceway. Structural design
analysis has been completed per the standards set forth in the 2009 Intemational
Building Code, ASCE 7-05 Minimmum Design Leads for Buildings and Other
Structures, AC] 318-08 Building Code Requirements for Concrete Structures, and
Amenican Welding Society D1.1-04 “Structural Welding Code” as appropriate.

4 SAFETY COMSIDERATIONS

The proposed rock ramp design presents a significant safety improvement owver the
existimg condition from both an operational and recreational standpoint. The updated
headgates and associated structure will provide improved ease of access, cperation,
and handrails for operator safety. The sluiceway gate in the diversion structure provides
a far safer cperational alternative than the exsting notchfcheck boards in the concrete
struciure. DBWUA perscnnel will be able to access and operate the sluiceway gate
without having to enter the river.

Recreational safety will also be improved as the downstream hydraulics due to the rock
ramp diversion will be considerably safer for boaters in the water than the existing

Page 24 of 34

MilssmizsDocumentsiDecigniRepor= ol Design AeporiDesdman’s S05% Design REport.doc




AppeENDX E
CosT ESTIMATE CALCULATIONS

‘ EMGINEER"S OFIMICHN
. MURRISGN OF CONCEPTUAL COST*
ud & MAIERLE, e o saants
Pmject 1447 035
011 Palmer Sinest P G40 B EEn) Project Mame:  Deadman's Basin Diversion and Headgale
Mis=oula, Montana S9608 Fis [SMHS42-4001 Engnesr: J Smith
Eafimatad
Item Mo Deacription Guantity 1) IMnit Price  Tofal Cost
101 Moblizaton and Demodlization 1 L= 330,000 30,000
102 Civersion and Care of Stream/Dewaiaring 1 LS 535,000 525,000
103 Concrete & Radial Gabe Demdaliion 1 LS 320,000 210,000
104 Excavaton & Plas=ment of Fll 1 LS 57,000 57,000
105 Cast-in-Flace Concrete (Civersion) BS [ =300 55,000
106 Cast-in-Flace Concrete (Sedment Shulcaway, & Intake Sl &0 i Sa300 45,000
107 CasHin-Aace Concrete (Headgates) = CY 5300 2,000
Fepram (Cwner Procured) 1665  CY $100 5166460
108 Grouted Fiprap Placement (Rock Ramp) 10Mm  CY S60 564,200
109 Mon-Grouted Fiprap Placemant (Fock Ramp) 526 CY 520 $10,520
110 Mon-Grouted Fiprap Placemant (Headgate Outiet) m CY 520 51,400
434 Shulce Gate (Cwner Procured) 1 LS 310,000 +10,000
E%E Shukce Gate {Owner Procured) 4 LS 516,000 554,000
Sulce Gale Elecinic Mobor 2 LS F10,000 520,000
111 4'%4" Sukce Gale Instalation 1 LS 2,500 52,500
112 6%E Siulce Gale & Conrols Inst@llaion 4 LS 2,500 +10,000
112 MisC. Appurienances (Walkways, Railngs) 1 LS 510,000 $10,000
114 Eroslon Coniml 1 LS 35,000 5,000
115 Site Restoralon 1 LS 5,000 5.0
CONSTRUCTION SUEB-TOTAL S659,060
CONTINGERCY 15% 58, 552.00
CONSTRUCTION TOTAL $757.942
CPATIEr Procured Hemes: $200. 450
Flsh Passags hams: $ Dol
Faprap [Cnly for Fishway) 40 CY 5100 540,000
Groutad Riprap Placement (Flsiway Chate) a0 CY SED 24,000




