BSDMS Summary Report

86 SR 370 over Bitterroot River at Bell Crossing near Victor, MT

Site Location:

Site | D 86
Site Nane: SR 370 over Bitterroot River at Bell Crossing near Victor, Ml
County: Raval | i
Nearest City: Vi ctor Cont act :
St eve Hol nbeck
St at e: M USGS, Montana District
(406) 457-5929
Latit ude: 462636 hol nbeck@isgs. gov
or
Longi t ude: 1140722 Chad Wagner

USGS, Kentucky District
(502) 493-1912

US(B St at | on | D 12350250 C\Nagner @Sgs_ gov

Rout e Nunber: 370
Route C ass: State Publ i cati on:
Anal ysis of Scour Potential for
Service Level: Q her Bridge Structure No. S00370
000+0. 5361 Crossing Bitterroot
Route Direction: Ri ver at Secondary Route 370, 2

M1 es Northeast of Victor, Mntana

H ghway M | e Point:
9 y WRD, US Geol ogi cal Survey, Hel ena,
Ml in cooperation with the Montana

Stream Nare: Bitterroot River Departrment of Transportation

River Mle: 38.3 June- 1999

Site Description:

The Bell Crossing bridge over the Bitterroot River is part of a roadway that
connects the East Side highway with US 93. Due to the expansivness of the
Bitterroot river floodplain in the vicinity of the Bell Crossing bridge, there are
many relief structures along the connector roadway that assist in conveying high-
flow events. A USGS gaging station is |located at Bell Crossing (12350250) and has
provi ded seasonal records since 1987. Discharge nmeasurnments are nade from July

t hrough Septenber to help regulate to intense irrigation pressure fromthe
surronding farm ands during the late summer. Water fromthe Bitterroot river is
di verted upstreamof the bridge for irrigation of about 80,000 acres. The Painted
Rocks Lake (station nunber 12342000) provides sone regulation at the site. At high
stages, the left bank overflows and the channel becones braided with trees and
vegetation creating sone anount of backwater. The right bank above and bel ow t he
bridge is riprapped and will overflow at extrenely high stages. Bypass flow wll
occur through 8 ft wide culverts |ocated 500 ft fromboth ends of the bridge and
through a bridge opening 1/2 nmile to the east of the site. The nature of the
streanbed in the vicinity of the site is highly unstable also prone to a |arge

vol ume of debris.

The Bell Crossing is a 4 span bridge having three, 4.5 ft w de sharp-nosed, webbed
pi ers.

No real -tine nmeasurenents were nade on the upstream side of the bridge or the
approach section during the flood event. A level 2 scour analysis was however,
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conducted on the site using the WSPRO conmputer nodel. The nodel was used to conduct
a step-backwater cal cul ations for the 100-year and 500-year peak di scharges at the
bridge. The 100-year di scharge passed through the bridge as free-surface flow

wi t hout any overtoppi ng of the roadway. Upon analysis of the 500-year discharge,

it was determ ned that unsubnerged pressure flow conditions would be used in the
scour assessnent. The scour results are probably conservative and overstate the
hydraulic conditions for the 500-year di scharge because of the relief that the
bridge would likely receive fromnearby overfl ow structures.

WSPRO Hydraulic Results:

Uncontracted Section 100-yr

Average Velocity = 3.96 ft/s Depth = 8.51

Mai n Channel K = 593320 Left K = 46136 Rigth K = 138971

Bri dge Section 100-yr
Worst Case K-tube velocity = 8.82 area = 141.7 sq. ft.

Uncontracted Section 500-yr
Average velocity = 4.20 ft/s Depth = 10.37 ft
Mai n Channel K=824755 Left K=78353 Ri ght K=235360

Bri dge Section 500-yr
Worst Case K-tube = 9.24 area = 183.9 sq ft

Elevation Reference

Dat um Local

ML (ft): 3219. 75

Description of Reference El evation:

The el evation of the gage is 3330 ft above sea level; this value was determnmined from
a topographic map rather than directly surveyed.

RM #1 - standard brass cap set in right downstream bridge wi ngwall 50ft upstream
from gage house.
El evation is 21.51 ft above gage datum

RM#2 - is the head of lag screwin a power pole 9ft upstreamand 9ft shoreward from
gage house.
El evation is 12.85 ft above gage datum
RM#3 - is the head of a lag screwin pine tree 50 ft downstream from gage house.
El evation is 11.79 ft above gage datum
RP - is a yellow paint mark on the streamward end of a flat boul der, 15ft streamward

fromthe gage house.
El evation is 10.43 ft above gage datum

Stream Data

Dr ai nage Area 1963 Fl oodpl ain Wdth: Narrow
(sq m):
Sl ope in . 0017 Nat ural Levees: Little

Vicinity(ft/ft):

Fl ow | npact : Unknown Apparent | ncision: None
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Channel Evol ution Aggradation Channel Boundary: Alluvial
Arnori ng: Parti al Banks Tree Cover:
Debris Frequency: Cccasional Si nuosi ty: Meander i ng
Debris Effect: Bot h Br ai di ng: General ly
Stream Si ze: Medi um Anabr anchi ng: None
FI ow Habi t: Per enni al Bar s: I rregul ar
Bed Material: G avel Stream Wdth Random
Variability:
Val l ey Setting: Hi gh
Roughness Data
Manni ng's n Val ues
Left Overbank Channel Ri ght Over bank
Hi gh:
Typi cal 0.035 0.035 0.08
Low:
Bed Material
Measur ement D95 D84 D50 D16 ]
Nunber Yr M Dy Sampler (mm) (mm) (mm) (mm) SP Shape Cohesion
1 Gab on 46.9 33 15.8 Non- Cohesi ve
Bed
Bed Material Coments

Measur enent No: 1

Di aneters taken froma VA analysis of a grab sanple fromthe bed at

| ow fl ow near

both sides of pier #4.

Resul t s:

Size (M) 4 9.5 12,5 19 25 31.5 37.5 50 63

% < t han 23 32 40 60 75 83 89 97 100
Bridge Data

Structure No: S00370 000+0. 5361

Length(ft): 406

Wdth(ft): 31.5

Nurmber of Spans: 4
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Vertical Configuration: Sloping
Low Chord Elev (ft): 115.94
Upper Chord Elev (ft): 116. 41
Overtopping Elev (ft): 121. 06
Skew (degrees): -20

Qui de Banks: None
Waterway O assification: Min
Year Built:

Avg Daily Traffic:

Pl ans on File: 0

Parall el Bridges No

Upstream Downstream N A

Conti nuous Abutnent: O
Di st ance Between Centerlines:

Di st ance Between Pi er Faces:

Bri dge Description:

Piers are nunbered fromleft to right,
abutnent and #5 being | pile-bent on the right abutnent.
|l ocated fromleft to right in the channel.

Abutment Data

#1 being pile-bent on the left
Piers #2 - #4 are

Left Station: 0
Ri ght Station: 406
Left Skew (deg): 5
Ri ght Skew (deg) 5

Left Abutnent Length (ft): 150
Ri ght Abutnent Length (ft) 150

Left Abutnent to Channel Bank (ft):

Ri ght Abutment to Channel Bank (ft):

Left Abutnent Protection: Ri prap
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Ri ght Abut ment Protection Riprap
Contracted Openi ng Type: Il
Enbankment Skew (deg): 30
Enbankment Sl ope (ft/ft): 2

Abut nent Slope (ft/ft) 2

W ngwal | s: No

W ngwal | Angle (deg):

Pier Data
Bri dge Pile
Pier ID station(ft) Aignment Hi ghway Station PierType # O Piles Spacing(ft)
2 100 30 Singl e
3 200 30 Singl e
4 300 30 Singl e
Pi er

Pier ID wWdth(ft) Pier Shape Shape Factor Length(ft) Protection Foundation

2 4.5 Shar p 42.5 Unknown Pour ed
3 4.5 Shar p 42.5 Unknown Pour ed
4 4.5 Shar p 42.5 Unknown Pour ed
Top Bott om Foot or Pile Pile Tip
Pier ID FEl evation(ft) El evation(ft) Cap Wdth(ft) Cap Shape Elevation(ft)
2 96. 19 88.19 8.5 Squar e
3 95. 98 87.98 7.5 Squar e
4 96.41 88.41 8.5 Squar e

Pi er Description
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Pier 1D 2
Pier 1D 3
Pier ID 4

Pier Scour Data

Pier 1D Dat e Ti me USOr DS
2 6/ 25/ 96 18: 00 Downst r eam
3 6/ 25/ 96 17: 30 Downst r eam
4 6/ 25/ 96 16: 50 Downst r eam
Pier Scour Accuracy Side Slope TopWdth Apprch Apprch Effective Skewto
ID Depth (ft) (ft/ft) (ft) Vel (ft/s) Depth(ft) Pier Wdth Fl owm deg)
2 6 0.5 8.5 16
3 8 1 7.5 10
8.5 7
] Sedi nent Bed Trough Crest ] Debri s
PierlD Transport Mat eri al BedForm  (ft) (ft) Sigma Effects
2 Li ve- bed Non- Cohesi ve Unknown Unknown
3 Li ve- bed Non- Cohesi ve Unknown Unknown
4 Li ve- bed Non- Cohesi ve Unknown Unknown
Pierl D D95 (mMm) D84 (mm D50 (nmm) D16 (nmm
2
3
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4
Pi er Scour Conments
Pier ID 2 Tinme: 18:00 US/ DS: Downst r eam
Pier ID 3 Time: 17:30 US/ Ds: Downst r eam
WBPRO Resul ts:
100-yr (HEC 18)
Qoridge K1 K2 K3 a Y1l V1 Fr Ys
(cfs) (ft) (ft) (fps) (ft)
25000 1.0 2.1 1.1 4.7 12.06 8.82 .45 21. 4
100-yr (Froehlich Eqgn)
phi a' Y1 Fr D50 Ys
-- (ft) (ft) -- (ft) (ft)
1.0 14.8 8.5 .45 . 049 9.9
500-yr (HEC- 18)
Goridge K1 K2 K3 a Y1l V1 Fr Ys
(cfs) (ft) (ft) (fps) (ft)
34000 1.0 2.1 1.1 4.7 14.39 9.24 .43 22.3
500-yr (Froehlich Egn)
phi a' Y1 Fr D50 Ys
-- (ft) (ft) -- (ft) (ft)
1.0 14.8 10. 4 .43 .049 20.3
Pier ID 4 Time: 16:50 US/ Ds: Downst r eam
Abutment Scour
Measur enment Scour Sedi nent
Nunber Abutment Date Time US/DS Depth (ft)  Accuracy Transport
1 Left 6/ 25/ 96 Unknown 5 1 Unknown
2 Ri ght 6/ 25/ 96 Unknown 4.5 0.5 Unknown
Measur enent Vel ocity at Dept h at Di scharge Avg Vel ocity Avg Depth
Nunber Abut (ft/s) Abut (ft) Bl ocked(cfs) Bl ocked(ft/s) Bl ocked(ft)
1
2
Measur enent Enbanknment
Nunber Length (ft) Bed Material D50 (nmm) Sigma  Debris Effect
1 Non- Cohesi ve 15.8 Unknown

Thur sday,

August

15, 2002

Page 7 of 11



BSDMS Summary Report

86 SR 370 over Bitterroot River at Bell Crossing near Victor, MT

2 Non- Cohesi ve 15.8 Unknown

Abut ment Scour Conmments

Measur enent No 1
100-yr Left Abutment

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
1603 6250 3.9 226 7.09 . 26 .55 70 . 97 23.7 ft

Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for |eft abutnment
scour - Ys=18. 1ft

Adj ust cal cul ated scour for abutment scew fromfigll, HEC 18, theta=70,
adust nent =. 91 Ys=16.5 ft

100-yr Ri ght Abut ment

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
3229 10302 3.19 541 5.97 .23 .55 110 1.03 27.6

Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for right abutnent
scour - Ys=14.7

Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=110,
adust nent =1. 03 Ys=15.1 ft

500-yr Left Abutnent

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
2016 7753 3.85 233.5 8.63 .23 .55 70 .97 26.2 ft
Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for |eft abutnment
scour - Ys=21.3ft
Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=70,
adust nent =. 91 Ys=19.4 ft

500-yr Ri ght Abutnent

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
4232 13954 3.30 548.7 7.71 .21 .55 110 1.03 31.5
Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for right abutnment
scour - Ys=18.4
Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=110,
adust ment =1. 03 Ys=19.0 ft
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Measur enent No 2
100-yr Left Abutment

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
1603 6250 3.9 226 7.09 . 26 .55 70 . 97 23.7 ft

Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for |eft abutnment
scour - Ys=18. 1ft

Adj ust cal cul ated scour for abutment scew fromfigll, HEC 18, theta=70,
adust nent =. 91 Ys=16.5 ft

100-yr Ri ght Abut ment

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
3229 10302 3.19 541 5.97 .23 .55 110 1.03 27.6

Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for right abutnment
scour - Ys=14.7

Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=110,
adust ment =1. 03 Ys=15.1 ft

500-yr Left Abutnent

Ae (0:] Ve a' Ya Fr K1 Thet a K2 Ys
2016 7753 3.85 233.5 8.63 .23 .55 70 .97 26.2 ft
Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for |eft abutnment
scour - Ys=21.3ft
Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=70,
adust nent =. 91 Ys=19.4 ft

500-yr Ri ght Abutnent

Ae Qe Ve a' Ya Fr K1 Thet a K2 Ys
4232 13954 3.30 548.7 7.71 .21 .55 110 1.03 31.5

Because ratio of a'/Ya exceeds 25, use Eqn 25 from Hec-18 for right abutnent
scour - Ys=18.4

Adj ust cal cul ated scour for abutnment scew fromfigll, HEC 18, theta=110,
adust ment =1. 03 Ys=19.0 ft

ContractionScour

Measurenent Contracted Contracted Uncontracted Uncontracted Scour
Nurber Dat e Ti me Dat e Ti me US/IDS  Depth(ft)
1
2
Measur ement Cont r act ed Cont ract ed Contracted Contracted
Nurber Accur acy Avg Vel (ft/s) Discharge(cfs) Dept h(ft) Wdth(ft)
1
2
Channel
Measur ement Uncontracted Uncontracted  Uncontracted Uncontracted Contraction
Nurber Avg Vel (ft/s) Discharge(cfs) Dept h(ft) Wdth(ft) Ratio
1
2
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Pi er
Measurenent Contraction Scour Eccent - Sedi nent Bed Debri s
Nunber Rati o Locati on ricity Transport Form Ef fects
1 Mai n Channel Unknown Unknown Unknown
2 Unknown Unknown Unknown Unknown
Measur ement Si g(rjra Bed
Nurber D95 (mm) D84 (nm) D50 (mm) D16 (mm) I\/B?zri al Material
1 Non-
Cohesi ve
2 Unknown

Contraction Scour Conments

Measurenent No. 1

WSPRO Cal cul ati ons: 500- yr Li ve-Bed Cal cul ati ons Y1=10. 37 Qm1=24631
Qrt2=34000 W1= 565 W2 = 338.2 Kl =.59 VY2 =18.51 Ys =8.1 C ear -
Water Calculations Y1=10.37 D50=.049 Dm= .062 W=338.2 Ys =

4.5 -------- 100-yr Li ve-Bed Cal cul ati ons Y1l= 8.51 Qrc1=19055
Qnt2=25000 W1=565 W2=322.2 Kl = .59 Y2 =14.92 Ys=6.5 Cl ear - Wat er
Cal cul ations Y1=8.51 D50=.049 Dm=. 062 W2=322.2 Ys=3.4

Measur ement No. 2

Stage and Discharge Data

Peak Di scharge Fl ow Peak Stage Stage  Water Ret ur n
year m dy hr m (cfs) Qacc year no dy hr ni (ft) Temp (O Period(yr)
6, 480 17: 00 7.40 1.25
34, 000 500
25, 000 100
Hydrograph
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Supporting Files

bel l crossing. xlI's - Excel worksheet with real -tine, post -fl ood, and
bri dge-plan survey data and the resulting plot of bathymetry profiles
used to estinmate depth of scour during the 1996 fl ood

bittbhell.txt - WBPRO input file used to nodel the hydraulics and scour
at the Bell Crossing bridge over the Bitterroot River.

Photos of the Site (Dscn prefix; .jpg formats):
# Description
176. Looking upstream frombar on |eft side
177. Looking upstream from bar on |eft side
178. Looking at center pier from bar
179. Looking upstreamto right from downstream bar
180. Looking upstreamto right at downstreamright edge of bridge
181. Looking at pier on left, note buried debris
182. Looki ng downstream al ong right side of left pier
183. same as 182
184. Looking upstreamat |eft pier
185. Looking at potential abutments scour on |eft abutnent
186. same as 185
187. same as 185
188. same as 185
189. Looking fromright to left along upstream side of bridge
190. Looking fromright bank at upstream edge of bridge
191. Looking fromright bank at center upstream of bridge
192. Looking fromright bank at right side of bridge
193. Looking fromright bank at right abutment
194. Montana crew with knee board
195. From bridge looking right to left
196. Looki ng upstream al ong ri ght bank
197. Looking upstreamat right floodplain
198. Looking upstreaminto right floodplain
199. Looking down road into right floodplain
200. Looking upstream at |eft bank
201. Looking upstream at hole along |eft abutnent
202. Looking fromcenter of bridge towards |eft bank.
203. Same as 202
204. Looki ng downstream at abutnent scour on |left bank
205. same as 204
206. Looki ng downstream from bar on downstream | eft bank
207. Looking downstreaminto left floodplain
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