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OVERVIEWOVERVIEW

•• BackgroundBackground
•• Problem and project goalProblem and project goal
•• Model goal and developmentModel goal and development
•• Model calibrationModel calibration

–– Data collectionData collection
–– ProcessProcess
–– ResultsResults

•• Sources of error/uncertaintySources of error/uncertainty
•• Sensitivity analysisSensitivity analysis
•• Validation plansValidation plans
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BACKGROUNDBACKGROUND

•• 5 million acre Belle 5 million acre Belle 
Fourche River watershedFourche River watershed

•• Belle Fourche Irrigation Belle Fourche Irrigation 
District (BFID)District (BFID)
–– Operates for USBROperates for USBR
–– Allotment from Belle Allotment from Belle 

Fourche ReservoirFourche Reservoir
–– Services 57,000 acresServices 57,000 acres
–– North Canal North Canal –– 43 miles43 miles
–– South Canal South Canal –– 44 miles44 miles
–– 450 miles of laterals450 miles of laterals
–– Primarily floodPrimarily flood--typetype
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BACKGROUNDBACKGROUND

•• BFID South CanalBFID South Canal
–– 32 Checks32 Checks
–– ~130 turnout ~130 turnout 

and lateral head and lateral head 
gatesgates

–– ~30 bridges and ~30 bridges and 
road crossingsroad crossings

–– 3 Parshall 3 Parshall 
flumesflumes

–– 5 Siphons5 Siphons
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PROBLEM andPROBLEM and
PROJECT GOALPROJECT GOAL

•• PROBLEM:PROBLEM: Elevated total suspended solids (TSS) Elevated total suspended solids (TSS) 
concentrations in Belle Fourche Riverconcentrations in Belle Fourche River

•• GOAL:GOAL: Implement best management practices Implement best management practices 
((BMPsBMPs) to bring Belle Fourche River into compliance:) to bring Belle Fourche River into compliance:
–– Riparian habitat managementRiparian habitat management
–– Flow automation unitsFlow automation units
–– Operational modelOperational model



BELLE FOURCHE 
RIVER WATERSHED

PARTNERSHIP

HYDRAULIC MODELHYDRAULIC MODEL

•• GOAL:GOAL: Provide useful information to make decisions and adjustmentsProvide useful information to make decisions and adjustments
•• BFID South Canal model:BFID South Canal model:

–– EPA Storm Water Management Model (SWMM) 5.0EPA Storm Water Management Model (SWMM) 5.0
–– USBR survey data and contract drawings, field measurementsUSBR survey data and contract drawings, field measurements
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CALIBRATION DATACALIBRATION DATA

•• Reach 1 Reach 1 –– Dam Flume to Belle Fourche Dam Flume to Belle Fourche 
River Siphon (BFRS) FlumeRiver Siphon (BFRS) Flume

•• Reach 2 Reach 2 –– BFRS Flume to Beals CheckBFRS Flume to Beals Check
•• Reach 3 Reach 3 –– Beals Check to Vale FlumeBeals Check to Vale Flume

•• FlowsFlows
•• StagesStages
•• Structure SettingsStructure Settings

Reach 1

Reach 2

Reach 3
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MODEL CALIBRATIONMODEL CALIBRATION

•• Focus on check structuresFocus on check structures
–– Water balanceWater balance
–– Parameter Parameter ‘‘tweakingtweaking’’

•• Issues and assumptionsIssues and assumptions
–– Missing survey dataMissing survey data
–– Evaporation/seepage lossesEvaporation/seepage losses
–– Johnson Lateral returnsJohnson Lateral returns
–– Logger data Logger data 
–– Beals flowsBeals flows
–– Primed turnoutsPrimed turnouts
–– Orders vs. settingsOrders vs. settings
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CALIBRATION RESULTSCALIBRATION RESULTS

•• Calibration: 99% of predictions +/Calibration: 99% of predictions +/--10% depth difference10% depth difference
•• Calibration check/validation: 89% of predictions +/Calibration check/validation: 89% of predictions +/--10% depth difference10% depth difference
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CALIBRATION RESULTSCALIBRATION RESULTS

Structure Entrance Exit
Box Culvert 0.5 0.5

Check 0.4 1
Flume 0.4 1

Pipe Bend 0.2 0.2
Siphon 0.4 1

Loss Coefficients Canal Section Canal Mile Manning's n
Concrete Structures ----- 0.013

Dam to Todd 0 - 5 0.015
Todd to Eide 5 - 6.2 0.031

Eide to Sorenson 6.2 - 7.7 0.019
Sorenson to BFRS I 7.7 - 8 0.039

BFRS O to Stinkwater 8 - 9.4 0.023
Stinkwater to Minor 9.4 - 11 0.022

Minor to 12.5  11 - 12.5 0.027
12.5 to Kiery 12.5 - 15.1 0.032

Kiery to Simmons 15.1 - 16.2 0.022
Simmons to Whitewood 16.2 - 17.4 0.024

Whitewood to Beals 17.4 - 18.6 0.028
Beals to Lee 18.6 - 20.6 0.010
Lee to Lull 20.6 - 21.5 0.009

Lull to Cottonwood 21.5 - 22.1 0.010
Cottonwood to Foos 22.1 - 22.7 0.022

Foos to Ollilla 22.7 - 23.7 0.017
Ollilla to Vale 23.7 - 26.4 0.017

Vale to Wasteway 26.4 - 43.8 0.025

Check
Structure Orifice/Gate Weir

Meyer 0.67 3.0
Todd 0.67 3.3
Eide 0.60 3.1

Sorenson 0.30 1.5
Stinkwater 0.40 2.6

Minor 0.70 3.0
Anderson 1.00 3.3

12.5 0.65 2.8
Kiery 0.60 2.6

Simmons 0.55 2.6
Whitewood 1.00 3.3

Beals 0.70 2.8
Lee 0.50 2.6
Lull 0.50 2.6

Cottonwood 0.60 2.0
Foos 0.45 2.6
Ollilla 0.65 2.6
Vale 0.50 2.6

Discharge Coefficients
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SOURCES OF ERRORSOURCES OF ERROR

•• Field measurements:Field measurements:
–– US water US water ‘‘pilingpiling’’
–– DS turbulenceDS turbulence
–– Measurement device Measurement device 

‘‘eyeballeyeball’’ accuracyaccuracy
–– Two measurersTwo measurers

•• Flow measurements:Flow measurements:
–– Velocity stabilityVelocity stability
–– Approximations in Approximations in 

methods and methods and calcscalcs
•• Data logger:Data logger:

–– Depth correctionsDepth corrections
–– Transducer floatTransducer float
–– SubmergenceSubmergence
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SENSITIVITY ANALYSISSENSITIVITY ANALYSIS

•• Check structure depths Check structure depths 
sensitivity to:sensitivity to:

–– ManningManning’’s ns n
–– Gate and weir discharge Gate and weir discharge 

coefficientscoefficients
•• ManningManning’’s n analyzed in s n analyzed in 

two ways:two ways:
–– Changed entire canalChanged entire canal
–– Changed to nearest US Changed to nearest US 

and DS check structuresand DS check structures
•• Discharge coefficients: Discharge coefficients: 

changed all gate and weirchanged all gate and weir
•• Key check structures, Key check structures, 

similar results:similar results:
–– Sorenson: mile 8Sorenson: mile 8
–– Beals: mile 19Beals: mile 19
–– Vale: mile 26Vale: mile 26

Beals Check Sensitivity Analysis
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MODEL VALIDATIONMODEL VALIDATION

•• 2006 irrigation season2006 irrigation season
•• FineFine--tune modeltune model
•• Develop BFIDDevelop BFID--model relationshipmodel relationship
•• Run daily, compare w/ actual systemRun daily, compare w/ actual system
•• Conduct operational model processConduct operational model process

•• BFID model uses:BFID model uses:
–– Water timing issuesWater timing issues
–– Range of structure settingsRange of structure settings
–– Check structure operation curvesCheck structure operation curves
–– Check on human errorsCheck on human errors
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QUESTIONS?QUESTIONS?

Producers
BFRWP
SD DENR
Lawrence County
BFID
WY DEQ 
Conservation Commission
Whitewood Creek Compensation Fund

SRF Loans
USFWS
SDGF&P
CRP
WHIP
EQIP
COE
BOR
USGS


