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EXECUTIVE SUMMARY

Project Title: Belle Fourche River Watershed Management and Project
Implementation Plan Segment 111

Section Grant Number(S): 999818505
Project Start Date: January 2006
Project Completion Date: December 2009
Funding
Total EPA Grant Budget: $1,728,800
Total Matching Funds Budget: $3,318,326

Total Nonmatching Funds Budget: $2,265,784
Total Budget: $7,312,910
Budget Revisions: Total 319 Funds did not change
Total Expenditures of EPA Funds: $1,728,800
Total 319 Matching Funds Accrued: $2,297,151
Total Nonmatching Funds Accrued: $2,287,151

Total Expenditures: $6,313,102

Belle Fourche River Watershed Management and Project Implementation Plan Segment 111
was sponsored by the Belle Fourche River Watershed Partnership (BFRWP) with support from
agricultural organizations, federal and state agencies, local governments, South Dakota State
University (SDSU), and South Dakota School of Mines & Technology (SDSM&T). This project
continued implementation of the best management practices (BMPs) identified in the Total
Maximum Daily Load (TMDL) report for the Belle Fourche River. The objectives of this project
segment were:

e Continue implementation of BMPs in the watershed to reduce total suspended solids
(TSS) (46.6 milligrams per liter (mg/L) reduction below the Belle Fourche Reservoir
(43 percent of goal); 41.6 mg/L reduction above the Belle Fourche Reservoir (22 percent of
goal)).

e Conduct public education and outreach to stakeholders within the Belle Fourche River
Watershed.



e Track progress made toward reaching the goals of the TMDL to help ensure that the
BMPs are being implemented.

Several of the completed activities resulted in a reduction of sediment-laden irrigation waste
water discharged from the Belle Fourche Irrigation District (BFID) delivery system into
surrounding water by 3,455 acre-feet per year. This brings the total acre-feet reduction to
5,655, or 33 percent of the 10-year goal. Twenty-five real-time stage control units installed on
the gates of check structures on both the north and south canals reduced nonused irrigation
water by more precisely maintaining the level within the canals and laterals. The upgraded
water card and water order system was completed to help check for mathematical errors
associated with hand calculations. Data from permanent stage/flow-measuring devices, flow
automation units, and portable stage-measuring units were used to calibrate and validate a
canal operational model. The BFID lined 4,660 feet of the inlet canal and 2,600 feet of the
Welke Lateral along with installing 4,946 feet of pipeline that delivers water from the BFID to
the producers.

Several activities were completed to improve irrigation efficiencies after water was delivered
to producers. A total of 31,732 feet of pipeline was installed by 20 producers to convey water to
center pivot irrigation systems or to gated pipe that replaced open ditches. Seventeen center-
pivot sprinkler systems were installed to replace existing surface irrigation.

Grazing/riparian areas were improved significantly within the watershed. Approximately
41 miles of pipeline, 56 watering facilities, 10 wells, and 3 miles of cross fence were installed
using 319 dollars to provide off-stream livestock water and improve grazing distribution. These
projects involved 30 producers on over 200,000 acres, resulting in 18,138 acres of riparian
vegetation improvements. Conservation plans were written for over 120,000 acres of grazing
lands.

Approximately 45 public education and outreach events were completed during this project
segment. Outreach activities were in the form of public meetings, informational booths, Web
site maintenance, radio sound bites, and watershed tours. It is estimated that outreach and
education efforts reached approximately 10,000 people. A new brochure was developed for use
at informational booths to showcase some of the BFRWP's projects and to explain their purpose
and mission. The Butte County, Lawrence County, and Elk Creek Conservation Districts each
sent out newsletters which included project updates. The BFRWP hosted 12 meetings to
provide updates on project work and progress being made. The BFID sent out a newsletter
called the Ditch Writer to over 480 irrigators in the BFID informing them of the status of the
projects going on throughout the BFID. The BFRWP Web site continues to be updated with
happenings and project status and is located at <www.bellefourchewatershed.org>. Outreach
activities have helped increase participation and support in the BFRWP and also gave the
BFRWP several contacts for BMP installation.



Preliminary estimates based on BMP installation indicate that TSS load was reduced by
83,833 tons per year, which is 12,105 tons per year greater than what was estimated to be
accomplished in this project segment.
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1.0 INTRODUCTION

The Belle Fourche River is a natural stream that drains parts of Butte, Lawrence, and
Meade Counties in South Dakota. The headwaters are located in Wyoming. The river flows
into the Cheyenne River (Figure 1-1) in southern Meade County and ultimately to the Missouri
River. The Belle Fourche River Watershed encompasses approximately 2,100,000 acres
(3,300 square miles) in South Dakota and includes Hydraulic Units 10120201, 10120202,
10120203. The city of Spearfish (population 8,606) is the largest municipality located in the
South Dakota portion of the watershed. Other South Dakota communities in the watershed
include Deadwood (population 1,380), Lead (3,027), Sturgis (4,442), Belle Fourche (4,565),
Fruitdale (62), Nisland (204), and Newell (646).

Land in the watershed is used primarily for grazing with some cropland and a few urban
areas. Wheat, alfalfa, native and tame grasses, and hay are the main crops. Some corn is
grown in the Belle Fourche Irrigation District (BFID). Gold mining, while reduced in scope from
the past, and silviculture occur in the Black Hills portion of the watershed. Approximately
15 percent of the watershed is federally owned. Of this, 11 percent is managed by the
U.S. Forest Service and four percent by the Bureau of Land Management.

The Belle Fourche River is identified in the 1998 and 2002 South Dakota 303(d) Waterbody
Lists and the 2004 and 2006 Integrated Report for Surface Water Quality Assessment (IR) as
impaired because of elevated total suspended solids (TSS) concentrations. According to the
2006 IR, the Belle Fourche River from the Wyoming border to the Cheyenne River, South
Dakota, failed to support its assigned uses because of high TSS concentrations. In the report,
agricultural activities were listed as a likely source of occasional impairment. This report also
states that a natural source of TSS may be the erosion of exposed shale beds that lie along the
river and its tributaries. The 2008 IR shows all segments of the Belle Fourche River, with the
exception of the reach from the Wyoming border to Fruitdale, South Dakota, were delisted after
water-quality standards for TSS were met. Table 1-1 contains a summary of 12 impaired
TMDL segments within the Belle Fourche River Watershed. The table also lists the impaired
beneficial use, impairment parameter, water-quality data, and possible source.

Horse Creek was listed in the 1998 impaired waterbody list for total dissolved solids (TDS)
that was later determined to be a listing error. The Horse Creek listing was corrected to
conductivity during 2002. During this assessment, approximately 10 percent of the samples
collected from Horse Creek exceeded the water-quality standard for TSS. The 2008 IR lists
Horse Creek as nonsupporting for conductivity and delisted for TSS. The TMDL report for
Horse Creek includes both TSS and conductivity.
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Table 1-1. Summary of Belle Fourche River Watershed Exceedance Water-Quality Data (Page 1 of 2)

. Water
WQM/ .. Impairment -
Stream USGS® Beneficial Use Parameter QLfallt_y Source
Criteria
Bear Butte Creek® 460126 Cold-Water Water Temperature (°F) <65°F Natural Source
Permanent Fish Life
Bear Butte Creek®” 460125 Cold-Water Water Temperature (°F) <65°F Natural Source
Permanent Fish Life
Immersion . © ® Riparian
Recreation Fecal Coliform (per/100 mL) 200™/400 Grazing/Wildlife
Belle Fourche River” | 460130
Warm-Water © ® Crop Production/
Permanent Fish Life TSS (mg/L) 9077158 Livestock
Horse Creek® 6436760 Irrigation Waters Conductivity (mohms/cm @ 25°C) | 2,500%/4,375" NA
Redwater River" 6430500 Cold-Water Water Temperature (°F) <65°F Natural Source
Permanent Fish Life
Eic’;ﬂ'l\i’feter Marginal |, 6.5-8.8 Mining Impacts
Strawberry Creek 460116
Fish/Wildlife Prop. . . -
Rec. Stock Waters Cadmium (mg/L) 0] Mining Impacts
gold-Water Fish Lif Water Temperature (°F) <65°F NA
West Strawberry ermanent Fish Lite
Creek 460675 —
Limited Contact Fecal Coliform (per/100 mg/L) 1,000/2,000" NA
Recreation
Whitewood Creek? 460686 Cold-Water Water Temperature (°F) <65°F NA

Permanent Fish Life




Table 1-2. Summary of Belle Fourche River Watershed Exceedance Water-Quality Data (Page 1 of 2)

. Water
WQM/ L Impairment -
Stream USGS Beneficial Use Parameter Qu_allt_y Source
Criteria
Whitewood Creek® 460123 Immersion Fecal Coliform (per/100 mg/L) 200“/400" Combined
Recreation Sewers/Grazing
Whitewood Creek” 460684 Cold-Water Marginal pH 6.5-8.8 Natural Sources
Fish Life
Whitewood Creek™ 460652 Warm-Water pH 6.5-9.0 Natural Sources

Permanent Fish Life

Whitewood Creek™ NA

Irrigation Waters

Conductivity (mohms/cm @ 25°C)

2,5009/4,375®

NA

(@)
(b)
(©
(d)
(€)
®
(9)
(h)
(i)
1)
(K
U]
(m)
(n)

WGM/USGS is water-quality monitoring/U.S. Geological Survey

Headwaters to Strawberry Creek.

Strawberry Creek to mouth.

Wyoming border to near Fruitdale, South Dakota.

30-day average.
Daily maximum.
Indian Creek to mouth.

Wyoming border to US HWY 85.
Cadmium Concentration < (1.136672 — ((In(hardness) x 0.041838) x exp(1.128 x (In(hardness)) — 3.828).
Whitetail Summit to Gold Run Creek.
Deadwood Creek to Spruce Gulch.

Sandy Creek to 1-90.
1-90 to Crow Creek.
Near Vale, South Dakota.




The Belle Fourche River Watershed Partnership (BFRWP) completed a water-quality
assessment project which led to development of a TSS Total Maximum Daily Load (TMDL) for
the Belle Fourche River and Horse Creek. The project period extended from April 2001 through
2003. Six TMDLs were approved by the U.S. Environmental Protection Agency (EPA) for the
Belle Fourche River and Horse Creek in 2005. Based on the results of the watershed study, the
main sources of TSS were determined to be rangeland erosion, irrigation return flows, free
cattle access to streams, riparian degradation, natural geologic processes, hydraulic alteration
by irrigation, and reduced stream miles. The Ten-Year Belle Fourche River Watershed Strategic
Implementation Plan [Hoyer, 2005] developed to implement the TMDL includes recom-
mendations for reducing TSS concentrations using practices that include irrigation water
management, riparian rehabilitation, and grazing management. TMDLs are in review for
Whitewood Creek and Bear Butte Creek. These TMDLs include Whitewood Creek listings for
pH, fecal coliform, and temperature and Bear Butte Creek listings for temperature and TSS.

During the winter 2004, the BFRWP applied for and received a Clean Water Act
Section 319 Grant to begin implementation of the best management practices (BMPs)
recommended in the TMDLs for the Belle Fourche River. Currently, the BFRWP is in its fifth
year of implementing BMPs in the watershed and has been funded through Fiscal Year 2011
with the Segment IV proposal. The project is supported by agricultural organizations, federal
and state agencies, local governments, South Dakota State University (SDSU), and the South
Dakota School of Mines and Technology (SDSM&T).

Funding for the project included support from local ranchers and farmers, BFRWP, South
Dakota Department of Environment and Natural Resources (DENR), United States Fish and
Wildlife Service (USFWS), Lawrence County, BFID, Wyoming Department of Environmental
Quality (WYDEQ), Natural Resources Conservation Service (NRCS), Corps of Engineers,
Bureau of Reclamation (BOR), United States Geological Survey (USGS), and the Clean Water
Act Section 319 Grant. Products of the first implementation project segment were the Ten-Year
Belle Fourche River Watershed Strategic Implementation Plan [Hoyer, 2005] and the Belle
Fourche Irrigation District Water Conservation Plan [Rolland and Hoyer, 2005]. These plans
outline BMP installation activities to be completed in this project for a 10 year time frame, and
associated TSS and nonused water savings are presented for each action planned. BMPs
recommended by the TMDLs and the 10-year plan installed during this project segment include
flow automation units, real-time stage/flow-measuring devices, upgraded water card and water
ordering system, updated canal operational model, replacing open irrigation ditches with
pipeline, lining open irrigation ditches, installing pipelines to deliver water from the BFID
system to the fields, installation of irrigation sprinkler systems within the BFID, and managed
grazing. These BMPs were installed in the South Dakota portion of the Belle Fourche River
Watershed (Figure 1-1).



2.0 PROJECT GOALS AND OBJECTIVES

The goal of the Belle Fourche River Watershed Management Project is to bring the Belle
Fourche River and Horse Creek into compliance with TSS water-quality standards within
10 years. To accomplish the goal, a reduction of 55 percent (289,910 tons/year) in TSS is
required. A reduction of 41 percent (2,033 tons/year) in TSS is required for Horse Creek.

In this project segment, the load reduction goal is 71,425 tons per year. To accomplish this
goal, this project segment had three objectives:

1. Continue implementation of BMPs in the watershed to reduce TSS 46.6 mg/L below the
Belle Fourche Reservoir and 41.6 mg/L above the Belle Fourche Reservoir.

2. Conduct public education and outreach to stakeholders within the Belle Fourche River
Watershed.

3. Track progress toward meeting TMDL goals to help ensure that the BMPs are effective
and that the proper BMPs are being implemented.

2.1 PLANNED AND ACTUAL MILESTONES, PRODUCTS, AND COMPLETION
DATES

Objective 1. Implement BMPs Recommended to Reduce TSS. This objective was
comprised of two tasks: improving irrigation water management and implementing riparian
vegetation improvements. The products of this objective included 25 real-time stage control
units; a water card/water ordering system; 9 real-time stage/flow-measuring devices; a canal
operational model for the BFID north canal; replacement of canals, laterals, and/or ditches with
4,946 feet of pipelines; 4,660 feet of inlet canal lining and 2,600 feet of lateral lining; 31,995 feet
of pipeline installed to convey water to center-pivot irrigation systems or to gated pipe that
replaced open ditches; installing of 17 sprinkler irrigation systems; replacing existing flood
irrigation; and rangeland implementation projects benefiting 18,138 riparian acres.
Implementation of the BMPs is discussed further in Chapter 3.0.

Objective 2. Conduct Public Education and Outreach. There were approximately
45 outreach activities that are further discussed in Chapter 5.0 of this report.

Objective 3. Tracking Progress Toward Meeting Goals. Water-quality samples were
collected by USGS at real-time stream gauging sites and DENR at several water-quality
monitoring (WQM) sites in the watershed. A detailed statistical analysis is included in
Chapter 4.0 of this report. Midyear and annual Grant Tracking and Reporting System (GRTS)
reports were completed on schedule along with this final project report.



Table 2-1 lists the project objectives along with their products, planned milestone completion
date, and actual milestone completion date. An extension of time from June 2009 to December
2009 was requested from and granted by the SD DENR. The extension of time was needed by
agricultural producers to complete installation of BMPs because of extremely wet conditions in
the area in the spring of 2009.

Table 2-1. Planned Versus Actual Milestone Completion Dates

Belle Fourche River Watershed Planned Actual
Partnership Implementation Completion Completion

Objective 1. Implement BMPs Recommended to Reduce TSS

Product 1. Improve Irrigation Delivery June 2009 June 2009

Product 2. Improve Irrigation Application June 2009 December 2009

Product 3. Complete and Install Riparian

- June 2009 December 2009
Vegetation Improvements

Objective 2. Conduct Public Education and Outreach

Product 4. Supplement Existing Outreach

June 2009 June 2009
Programs

Objective 3. Tracking Progress Toward Meeting Goals

Product 5. GRTS and Final Reports June 2009 December 2009

2.2 EVALUATION OF GOAL ATTAINMENT

Project success was evaluated by comparing project outputs and outcomes with the planned
milestone. All objectives established for this project were reached:

+ Implementation of several BMPs from Phase | Watershed Assessment Final Report and
TMDL [Hoyer and Larson, 2004].

e Load reductions, estimated as a result of BMP installation, of 83,833 tons per year
which is 12,105 tons per year greater than the goal for the project.



 Completion of approximately 45 successful education and outreach activities which led to
greater public participation in the project.

e Completion of midyear and annual GRTS reports along with this final report.

This project was very successful. The project goals were exceeded for all of the objectives.
BMPs were implemented that are estimated to reduce TSS in the Belle Fourche River by
83,833 tons per year.



3.0 BEST MANAGEMENT PRACTICES

Installation of the BMPs recommended in the Belle Fourche River TMDL was continued
during this project segment. The BMP installation included funding from local ranchers and
farmers, BFID, BOR, USFWS, and NRCS as well as financial assistance from the 319 project.

The BMPs installed included the following:

25 real-time stage control units.

9 real-time stage/flow-measuring devices.

A north canal operational model.

A water card/water ordering system.

Replacement of open irrigation ditch with 4,946 feet of pipeline.
7,260 feet of inlet and lateral lining.

31,732 feet of pipeline installed by 19 producers to convey water to center-pivot irrigation
systems or to gated pipe that replaced open ditches.

Installed 17 irrigation sprinkler systems, approximately 41 miles of pipeline, and
56 watering facilities, 10 wells, and 3 miles of cross fence installed to provide off-stream
livestock water and improve grazing distribution involving 30 producers on over
200,000 acres resulting in 18,138 acres of riparian vegetation improvements.

Wrote conservation plans for over 120,000 acres of grazing lands.

Table 3-1 provides a track of BMP implementation planned and implemented to date.

Table 3-1. BMPs Implemented

10-Year Planned Installed Installed
Best Management Practice This This
Plan to Date
Segment Segment

Flow Automation Units 42 25 25 44
Real-time Stage/Flow-Measuring Devices 15 0 9 24
Canal Operational Model 2 1 1 2
Water Card Ordering System 1 1 1 1
Line Oper_1 (_Zanals and Laterals 26,560 3.200 7.260 9,060
(Feet of Lining)
Rfapla_ce Open Car_1a|s_ and Laterals With 25.000 4,000 4.946 7796
Pipeline (Feet of Pipeline)
Sprinkler Irrigation Systems 36 10 17 23
Managed Riparian Grazing (Acres) 34,000 9,000 18,138 19,638




3.1 REDUCING NONUSED IRRIGATION WATER AND IMPROVING EFFICIENCY

To reduce return flows of nonused irrigation waters, BMPs that will improve precision in
water quantity delivered to irrigators were installed. The installation of nine real-time stage
control units, coupled with the ten real-time, flow-measuring devices within the BFID delivery
system, enables water levels to be measured, monitored, and adjusted from the BFID office in
Newell, South Dakota. Six portable stage-measuring devices were also purchased to aid in
developing the north canal operational model.

Over the life of this implementation project, there have been 27 gate control units and
18 flow-measuring devices installed (Figure 3-1). These automated units provide continual
oversight of canal water levels and the ability to immediately adjust levels when necessary,
thereby reducing waste and improving efficiency (Figure 3-2). Water-level data at each site are
recorded every 10 minutes and stored in a database. This allows for easy summation of the
total volume of water delivered during any given time period and calculation of efficiencies.

An upgraded water card ordering system was also implemented. The system allows BFID
personnel to enter the timing and amount of water ordered for individual farmers on a given
ride (or section of the irrigation district). Once this information is entered, the upgraded water
card ordering system generates daily water delivery cards for the ditch riders that deliver the
water to the fields. It also calculates the amount of lag time that it takes for the water to travel
from the dam to all fields within the BFID and provides a daily estimate of the amount of water
to release from the dam to meet the water order demands. This system eliminates mathe-
matical and transcription errors from manual data entry.

Currently, the entire north canal is set up in the Storm Water Management Model (SWMM), an EPA
model capable of simulating all the conditions within the north canal. The model was
calibrated and validated using data collected at automated checks and portable stage-
measuring devices as well as manual field measurements collected during the summers of 2006
through 2008. The hydraulic model is capable of assisting with irrigation delivery system
settings and improving irrigation efficiency during future irrigation season. To help validate
the SWMM model, operational curves, charts, and spreadsheets were developed for five
automated check structures within the BFID. These tools provide BFID personnel with a better
understanding of how to optimally operate automated check structures and offer flow
measurements based on the check settings and upstream water levels. Using the operational
curves, charts, and spreadsheets along with the developed SWMM model will help BFID
personnel understand the dynamic irrigation system. This understanding will reduce irrigation
return flows and, in turn, TSS levels in the Belle Fourche River.

10
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Figure 3-2. Gate Automation Unit Installed in the Belle Fourche Irrigation District.

A total of 31,732 feet of pipeline was installed by 19 producers to convey water to center-
pivot irrigation systems or to gated pipe that replaced open ditches. Seventeen center-pivot
sprinkler systems were installed to replace existing surface irrigation (Figure 3-3). Locations of
producer irrigation BMPs is shown in Figure 3-4.

RSI-1870-09-010
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Figure 3-3. Center Pivot Installed in the Belle Fourche Irrigation District.

12



RSI-1870-09-011

o

Monta =

e

Mlenarel |

=T 4] o W Spearish '
= , b [ T Union Center
Sy Sturnis
L LAl Sl
ﬂ_‘d I e a0

Legend

@ rrigation Implementation Projects

*  Major Towns

|:| YWatershed Boundary
Belle Fourche River

Major Tributaries 0 & 10 20
otate Boundary Miles

Figure 3-4. Location of Producer Irrigation Implantation Project in Segment I11.

13



Over 2,600 feet of lateral lining was completed by the BFID on the wilson lateral and
4,660 feet of lining on the inlet canal, totaling 7,260 feet of lining. The inlet canal lining is
shown in Figure 3-5. A total of 4,946 feet of canal and open laterals within the BFID were
replaced with pipeline. Installation of pipeline eliminated water losses from infiltration and
evaporation along these sections.

RSI-1870-09-012

Figure 3-5. Lining of the Inlet Canal.

3.2 MANAGED GRAZING

Information from resource inventories of several ranches located in the watershed were used
to plan and install BMPs that significantly improved grazing/riparian areas within the
watershed. Grazing/riparian areas were improved significantly within the watershed.
Approximately 41 miles of pipeline and 56 watering facilities, 10 wells, and 3 miles of cross
fence were installed using 319 dollars to provide off-stream livestock water and improve
grazing distribution. Improved grazing distribution maintains or improves the integrity of the
riparian corridor of the watershed. Healthy riparian areas are integral to trapping sediment
from rangeland runoff, reducing TSS entering the Belle Fourche River. These projects involved
30 producers on over 200,000 acres resulting in an estimated 18,138 acres of riparian
vegetation improvements (Figure 3-6). In addition to practices installed, conservation plans
were written for over 120,000 acres of grazing lands in the watershed. A ranch with a planned
grazing system is shown in Figure 3-7. The locations of the implementation projects are shown
in Figure 3-8.
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Figure 3-6. Off-Stream Livestock Water Development in the Watershed.

RSI-1870-09-014

Figure 3-7. Planned Grazing System in the Watershed.
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Figure 3-8. Location of Producer Range Implementation Projects in Segment 111.
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Along with the riparian vegetation BMPs a graduate student from SDSU was funded to
complete a 2-year study quantifying rainfall infiltration rates and sediment loss associated
with runoff. Vegetation, infiltration, runoff, and sediment data for predicting load and factors
contributing to load reduction using rainfall simulations were developed for two prevalent
ecological sites (dense clay and clayey) during the summers of 2007 and 2008. Data showed
that no differences occurred between the two ecological sites for infiltration rates, runoff rates,
and time to runoff. However, sediment yield and sediment concentrations were twice as high
from dense clay sites than clayey sites. For each ecological site, models for time to runoff,
infiltration rate, sediment concentration, and sediment yield were developed using 19 site and
vegetation variables for both antecedent moisture conditions as well as 24 hours after a rainfall
simulation on wet soils. Models, as well as collected data, provide not only a better
understanding of rangeland hydrology but also information specific to the Belle Fourche
watershed, which can be used in identifying areas of concern, prediction, and in grazing
management to favorably impact vegetation characteristics important to load reduction for the
Belle Fourche River. A complete version of this 2-year study will be available in the form of a
master’s thesis in spring 2010. Figure 3-9 shows a rainfall simulation event on one of the
selected sites.

RSI-1870-09-016

Figure 3-9. Rainfall Simulators for Infiltration and Runoff Study.
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4.0 SUMMARY OF PUBLIC PARTICIPATION AND OUTREACH

Approximately 45 public education and outreach events were completed (Table 4-1) during
this project segment. Outreach activities were in the form of public meetings, informational
booths, Web site, radio sound bites, and watershed tours. It is estimated that outreach and
education efforts reached approximately 10,000 people. A new brochure was developed for use
at informational booths to showcase some of the BFRWP's projects and to explain their purpose
and mission. The Butte County, Lawrence County, and Elk Creek Conservation Districts each
sent out newsletters which included project updates. The BFRWP hosted 15 meetings to
provide updates on project work and progress being made. The BFID sent out a newsletter
called the Ditch Writer to approximately 480 producers in the BFID informing them of the
status of the projects throughout the BFID. The BFRWP Web site, located at
<www.bellefourchewatershed.org>, continues to be updated with events and project status. The
BFRWP purchased a soil-quality demonstration trailer, shown in Figure 4-1, used to educate
audiences of all ages about the importance of good stewardship on soil health.

The BFRWP sponsored/cosponsored four tours in the watershed during Segment Il1l. These
tours included local producers; state and federal agency staff; local, state, and federal
government officials; and the interested public (Figure 4-2). Partners in these tours included
Butte, Lawrence, and EIlk Creek Conservation Districts, South Dakota Association of
Conservation Districts, South Dakota State University Cooperative Extension, and Bureau of
Reclamation. These tours showcased projects sponsored by the BFRWP, including irrigation
demonstrations in the BFID and rangeland demonstrations on ranches in the watershed.
These outreach activities helped increase participation and support for the BFRWP and also
gave the BFRWP several contacts for BMP installation.
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Table 4-1. Summary of Public Outreach and Education During Segment 111

Type of Education and Outreach

Date

Number of
Participants

Belle Fourche River Watershed Partnership

Meetings (12 Meetings) June 2006—-June 2009 240
II\Bﬂ(;I(I;iE;urche Irrigation District Annual 2007 45
Newell Field and Home Show 2007, 2008, 2009 900
Eastern South Dakota Water Conference 2007 150
Ditch Writer Publication 2007, 2008, 2009 480
Black Hills Hydrology Conference 2007 100
Belle Fourche Capital for a Day Tour 2007 60
South Dakota Conservation Commission 2007 60
Butte-Lawrence County Fair 2007, 2008 1,300
Watershed Tour 2008 60
Tri State Expo 2008, 2009 1,000
gcr)glit%/tl;ili’oiange Management 2009 150
Development Conference 2009 200
Key City Pen of Three 2009 300
EZRh;g/izngft;wer Watershed Meeting 2008 30
22:':\?ennolio\/\;ater Conservation Society 2009 150
South Dakota High School Range Camp 2008 75
Nonpoint Source Task Force Meeting 2006, 2007, 2008 135
Belle Fourche Irrigation District Tour 2007, 2008 65
Informational Radio Sound Bites 2009 5,000
Soil Quality Demonstrations (2 events) 2009 200
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Figure 4-1. Soil Quality Demonstration.

RSI-1870-09-018
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Figure 4-2. Tour in the Belle Fourche Irrigation District.
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5.0 MONITORING RESULTS

5.1 WATER-QUALITY ANALYSIS

To understand the effectiveness of the current implementation plan, a rigorous statistical
analysis was performed on TSS data collected at the five WQM sites located on the mainstem of
the Belle Fourche River (Figure 5-1). The data was grouped into two categories: Pre-BMP
implementation, or before Year 2005 and Post-BMP implementation, or including and after
Year 2005.

Table 5-1 displays the basic summary statistics of TSS for the WQM sites analyzed from
upstream to downstream. The mean concentrations at all sites dropped after significant BMP
implementation began in 2005 (post-BMP). On average, the mean TSS concentration has
decreased 40 percent at all sites with the largest percent reduction taking place at WQM 130
(63.4 percent) and the least percent reduction occurring at WQM 21 (16.2 percent).

Simply analyzing the mean of any dataset can be misleading, however, as one sample with
an unusually high concentration can skew the entire set of samples. For this reason, it is
appropriate to analyze the sample set medians to understand if a similar trend exists. Figure 1
displays the median TSS concentrations at each WQM site pre- and post-BMP implementation.
Median TSS values have decreased at WQM 83, 21, and 76 with no change occurring at
WQM 130 and a slight increase being observed at WQM 81.

To understand the statistical significance of any of these changes in median values, either
positive or negative, a Mann-Whitney test was performed using Minitab 14 statistical software.
A two-sample rank test, such as the Mann-Whitney, tests the equality of two population
medians. Datasets were once again separated into pre-BMP (nl) and post-BMP (n2) at each of

the sites. The null hypothesis was that the median TSS concentration at each of the sites pre-
BMP implementation was equal to the median TSS concentration at each of the sites post-BMP
implementation. The alternate hypothesis was that the median TSS concentration at each of
the sites pre-BMP implementation was not equal to the median TSS concentration at each of
the sites post-BMP implementation. This is expressed mathematically as follows:

HO:n1#n2
(5-1)
H1l:n1l#n2.

The result of the Mann-Whitney test for all sites indicated the data not support the
hypothesis that there is a difference between the population medians at the 95 percent
confidence interval. In other words, although there appears to be a difference between the
population medians, the lack of samples in the post-BMP datasets does not allow us to declare
that this difference is statistically significant.
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Figure 5-1. Location of the Five Water-Quality Monitoring Sites Within the South Dakota
Portion of the Belle Fourche Watershed.
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Table 5-1. Summary Total Suspended Solids Statistics for Mainstem Water-Quality
Monitoring Sites on the Belle Fourche River in South Dakota

Site S?z';:lljs Mean [S)Z?/?:Sg?] Q1 Median Q3 Min Max n
WQM 130 | Post-BMP | 155.8 370.6 5.0 8.0 102.0 1 2,000 41
WQM 130 | Pre-BMP 245.7 781.6 5.0 8.0 87.0 5 4,520 37
WQM 81 Post-BMP 47.7 84.9 5.0 20.5 48.8 5 350 16
WQM 81 Pre-BMP 192.2 890.8 7.0 18.0 44.0 1 6,885 105
WQM 83 Post-BMP 31.1 34.9 5.0 19.0 48.0 5 130 16
WQM 83 Pre-BMP 77.8 154.5 9.3 345 68.8 1 885 104
WQM 21 Post-BMP 85.3 179.0 7.0 25.0 60.0 5 700 15
WQM 21 Pre-BMP 527.2 1,517.7 11.0 41.5 255.8 0 14,977 198
WQM 76 Post-BMP 196.7 875.2 5.3 325 58.8 1 5,800 44
WQM 76 Pre-BMP 350.0 1,280.8 8.5 35.0 110.0 1 11,000 135
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Figure 5-2. Median Total Suspended Solids Observed at Water-Quality Monitoring Sites Pre-
and Post-Best Management Practice Implementation.
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The end result for any 319 implementation project is for the designated waterbody to come
into compliance with water quality standards. The water-quality standard for TSS with a
stream assigned the designated beneficial use of warm-water fishlife propogation (the
designated beneficial use of the mainstem of the Belle Fourche River) is 158 mg/L. Figure 5-3
displays the percent exceedances of the water quality standard at each of the WQM sites on the
mainstem of the Belle Fourche River before and after BMP implementation. The percent of
exceedances decreased substantially at all the WQM sites except WQM 130 that monitors
water quality in the reach from the Wyoming border to the city of Fruitdale. This makes
practical sense since a majority of the implementation projects thus far have been focused in
and around the Belle Fourche Irrigation District, whose drainage is downstream of WQM 130.

5.2 HORSE CREEK FLOW ANALYSIS

Real-time discharge data collected by the USGS at Horse Creek was analyzed from April
1962 to October 2009. It should be noted that data from October 1, 2008, to October 30, 2009, is
designated by the USGS as “Provisional Data Subject to Revision.” BMPs implemented within
the Belle Fourche Irrigation District delivery system, along with on-farm improvements, are
designed to reduce the volume of sediment-laden return flows impacting Horse Creek and
ultimately the Belle Fourche River. Figure 5-4 shows the relation of the Horse Creek to the
delivery system and fields located within the BFID.

The influence that waste from the BFID delivery system and fields has on flows in Horse
Creek is evident when observing a boxplot of historic monthly flows at the sight (Figure 5-5).
The boxplot shows 95 percent of the data (the highest and lowest 2.5 percent of values are
considered outliers). Median value of the average daily flow are labeled in blue, the boxes
delineate the inner quartile range (the range bounded by the 1st and 3rd quartiles), and the
whiskers mark the extents of 95 percent of the data. The typical irrigation season in the BFID
begins in June and lasts until the end of September. This is demonstrated in the boxplot as the
median flow jumps from 18 cubic feet per second (cfs) in May to 41.5 cfs in June. The median
flow then drops from 45 cfs in September to 5.9 cfs. Since the region receives very little
precipitation during the irrigation season, nearly all of the increase in flow can be attributed to
losses or waste within the irrigation system.

The impact of the BMPs being implemented within the BFID is becoming evident.
Specifically, BMPs implemented in this watershed are automated gate controls and flow
monitoring, underground pipelines replacing open ditches, sprinkler irrigation replacing flood
irrigated fields, and irrigation scheduling. A box plot of the flows in Horse Creek before and
after BMP implementation began (Figure 5-6) demonstrates that median flows during the
irrigation season (June-September) are being dramatically reduced, especially in July and
August, which are typically months with the greatest amount of irrigation deliveries.
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Figure 5-3. Percent Exceedances of Total Suspended Solids Water-Quality Standard Pre-
(red) and Post- (green) Best Management Practice Implementation at the Water-
Quality Monitoring Sites on the Mainstem of the Belle Fourche River in South

Dakota.
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Figure 5-4. Location of Horse Creek in Relation to the Fields and Main Delivery System of
the Belle Fourche Irrigation District.
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Figure 5-5. Box Plot of Historic Monthly Flows at the Mouth of Horse Creek.
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Figure 5-6. Box Plot of Average Daily Flow of Horse Creek During the Belle Fourche
Irrigation District Irrigation Season Before and After Best Management Practice
Implementation.
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5.3 EVALUATION OF GOAL ATTAINMENT

Project success was evaluated by comparing planned versus actual project outputs and
outcomes. The goal was attained by reaching the objectives as follows:

Implementation of several BMPs from the 10-year BFRWP Strategic Implementation
Plan.

Load reductions, estimated as a result of BMP installation, of 83,833 tons per year which
is 12,105 tons/year greater than the goal for the project.

Completion of nearly 45 successful education and outreach activities which led to greater
public participation in the project.

Completion of midyear and annual GRTS reports along with this final report.

This project was successful in that project goals were attained and BMPs were implemented
that are estimated to reduce total suspended solids in the Belle Fourche River and Horse

Creek.
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6.0 ASPECTS OF THE PROJECT THAT DID NOT WORK WELL

Extremely wet weather precluded many of the producer implementation projects from being
completed by the original June 1, 2009, deadline prompting an extension to December 31, 2009,
to complete the projects. With this extension, all projects were able to be completed as planned.
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7.0 PROJECT BUDGET/EXPENDITURES

The BFRWP received a $1,728,800 EPA section 319 Grant through DENR to continue
installation of the BMPs recommended in the Phase | Watershed Assessment Final Report and
TMDL [Hoyer and Larson, 2004]. Tables 7-1 and 7-2 show the budgets of 319/matching funds
and nonmatching funds respectively. The budgets were the final budgets after the approval of
the Segment Il amendment and the additional documented changes to the budget after the
Segment Il amendment. Tables 7-3 and 7-4 are the final expenditure budgets for
319/matching funds and nonmatching funds, resepectively.

7.1 319 BUDGET

The total 319 budget remained the same with some minor changes between tasks. From
Task 1d, $136 was transferred to Task 2 to match the allotted money in the Tracker.
Remaining money left over in Task 1d and Task 2, after all of the producer cost share was paid
out, was transferred into Product 3. From Task 1d, $2,652 was transferred to Product 3 and
$7 dollars was transferred from Task 2 to Product 3. No other changes were made to the 319
budget.

7.2 MATCHING FUNDS BUDGET

All federal match requirements were met in this project. Final match dollars were not as
high as originally estimated. Producer cash match for Task 1d was not as high as estimated.
Producer cash that would have been matched in this task was used to match another grant in
the watershed, reducing cash match for the 319 project. SD DENR Water Rights cash match
column was taken out of the final matching funds budget and put into the federal nonmatching
funds budget as per the request of SD DENR. Conservation Commission, SRF Loan Lead, and
SRF Nisland cash match columns were also taken out of the matching funds budget. These
projects were expected to take place but did not occur. Other differences reflect minor
adjustments to what was originally estimated.

7.3 NONMATCHING FEDERAL FUNDS BUDGET

The Bureau of Reclamation 2025 Grant was taken out of the final budget. This money was
part of the inlet canal lining project and was recorded under the Bureau of Reclamation federal
dollar column. The NRCS Wildlife Habitat Incentive Program (WHIP) column was taken out;
very few WHIP projects take place in the watershed. Other differences reflect minor
adjustment to what was originally estimated.
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Table 7-1. Planned Belle Fourche River Watershed 319 and Matching Funds Budget

Matching Funds

(%)
sD Sum of
EPAlf’jg;‘S”gu'\ga';h'”g Epg)glg Producer | BFRWP DENR | Lawrence BFID Conservation | DENR CWSRF | SRF Loan | SRF Loan Mli‘ltfnhc;:g
9 (Cash and | (Cash and Water County (Cashand | WY DEQ Commission | Water Quality Lead Nisland $)
In-kind) In-kind) Rights (Cash) In-kind) (Cash) (Cash) Grant (Cash) (Cash)
(%) (%) (Cash) (%) (%) (%) (%) (%) (%)
%)

Objective 1. Implement BMPs Recommended in the Belle Fourche River Watershed TMDL
Task 1. Reduce Nonused Water

Product 1. Improved Irrigation Water Delivery and Application 3,400 Ac-ft Reduction of Nonused Water

la. 27 Stage Control 368,800 _ - - - 48,000 - - 7,200 - - 55,200
Automation Projects

1b. Phase 11 of Canal 221,604 - 6,000 - - 120,000 - - 25,000 N - 151,000
Operational Model

1c. Line and Pipe Open _ - - - - 120,000 - - - - - 120,000
Canals and Laterals

Ld. Install Sprinkler 252,599 2,037,500 - - - - - - — - 2,037,500
Systems
Task 2. Install Riparian Vegetation Improvements

Product 2.
Grazing/Rangeland/ 751,972 401,000 - - - - - 82,500 7,800 - - 491,300
Riparian Management
Objective 2. Conduct Public Outreach, Complete Essential Water Quality Monitoring, and Write Reports
Task 3. Conduct Public Outreach Program, Monitor Water Quality and Write Reports

Product 3. Public

Education and Outreach, 133,825 - 12,000 78,275 15,655 11,741 15,655 - 50,000 N - 183,326
Monitor Water Quality,
Write Reports
Other Watershed - - - - - - - - _ 210,000 70,000 280,000
Improvement Projects

Total 1,728,800 2,438,500 18,000 78,275 15,655 299,741 15,655 82,500 90,000 210,000 70,000 3,318,326
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Table 7-2. Planned Belle Fourche River Watershed 319 and Nonmatching Funds Budget

Nonmatching Funds

(%)
Sum of
EPA NonMatching NRCS NRCS Nonmatching
Funds Budget USFWS SDGF&P NRCS CIG CCPI RWA WHIP NRCS BOR 2025 USGS Funds
Grant EQIP COE BOR Grant
(Federal) | (Nonfederal) (Federal) Grant Grant (Federal) (Federal) | (Federal) (§) | (Federal) (5) (Federal) (Federal) $)
€)) €)) ) (Federal) | (Federal) (%) ) $) €))
($) ($)
Objective 1. Implement BMPs Recommended in the Belle Fourche River Watershed TMDL
Task 1. Reduce Nonused Water
Product 1. Improved Irrigation Water Delivery and Application 3,400 Ac-ft Reduction of Nonused Water
la. 27 Stage Control _ _ _ _ _ _ _ _ _ _ _ _
Automation Projects
1b. Phase Il of Canal _ _ _ _ _ _ _ _ _ _ _ _
Operational Model
1c. Line and Pipe Open _ _ _ _ _ _ _ _ 120,000 _ _ 120,000
Canals and Laterals
1d. Install Sprinkler _ _ _ _ _ _ 412,500 _ B _ _ 412,500
Systems
Task 2. Install Riparian Vegetation Improvements
Product 2.
Grazing/Rangeland/ 137,500 50,000 - 200,000 85,000 104,000 608,700 - - - - 1,185,200
Riparian Management
Objective 2. Conduct Public Outreach, Complete Essential Water Quality Monitoring, and Write Reports
Task 3. Conduct Public Outreach Program, Monitor Water Quality and Write Reports
Product 3. Public Education
and Outreach, Monitor _ _ _ _ _ _ _ B
Water Quality, Write 15,655 7,828 199,601 223,084
Reports
Other Watershed - - 200,000 - - - - - - 125,000 - 325,000
Improvement Projects
Total 137,500 50,000 200,000 200,000 85,000 104,000 1,021,200 15,655 127,828 125,000 199,601 2,265,784
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Table 7-3. Actual Expenditures of Belle Fourche River Watershed 319 and Matching Funds Budget

Matching Funds

®) Sum of
. EPA 319 Matching
EPA 319 and Matching Funds Budget ) Producer | BFRWP | Lawrence | BFID Wy DENR Funds
(Cash and | (Cash and County (Cash and DEQ CWSRF Water &)
In-kind) In-kind) (Cash) In-kind) (Cash) Quality Grant
(%) (%) ® &) ®

Objective 1. Implement BMPs Recommended in the Belle Fourche River Watershed TMDL
Task 1. Reduce Nonused Water
Product 1. Improved Irrigation Water Delivery and Application 3,400 Ac-ft Reduction of Nonused Water
la. 27 Stage Control Automation Projects 368,800 - - - 66,928 - 7,200 74,128
1b. Phase Il of Canal Operational Model 221,604 - 0 - 0 - 25,894 25,894
1c. Line and Pipe Open Canals and Laterals - - - - 117,307 - - 117,307
1d. Install Sprinkler Systems 249,811 1,275,498 - - - - - 1,275,498
Task 2. Install Riparian Vegetation Improvements
Product 2. Grazing/Rangeland/Riparian 752101 689,565 _ _ _ _ 7773 697,338
Management
Obijective 2. Conduct Public Outreach, Complete Essential Water Quality Monitoring, and Write Reports
Task 3. Conduct Public Outreach Program, Monitor Water Quality and Write Reports
Product 3. Public Education and Outreach,
Monitor Water Quality, Write Reports 136,484 - 12,000 16,250 13,354 16,250 49,133 106,987
Other Watershed Improvement Projects - - - - - - - -

Total 1,728,800 1,965,063 12,000 16,250 197,589 16,250 90,000 2,297,152




Table 7-4. Actual Expenditures of Belle Fourche River Watershed 319 and Nonmatching Funds Budget

Nonmatching Funds

%)
Sum of
EPA Nonmatchin Nonmatchin
g SD DENR Water NRCS NRCS g
Funds Budget USFWS SDGF&P . NRCS CIG CCPI RWA BOR USGS Funds
Rights NRCS EQIP | COE (Federal)
(Federal) | (Nonfederal) (Nonfederal) Grant (Federal) Grant Grant (Federal) ($) ) (Federal) (Federal) %)
(%) (€)) $) (%) (Federal) | (Federal) (%) (%)
(%) (%)

Objective 1. Implement BMPs Recommended in the Belle Fourche River Watershed TMDL
Task 1. Reduce Nonused Water
Product 1. Improved Irrigation Water Delivery and Application 3,400 Ac-ft Reduction of Nonused Water
la. 27 Stage Control _ _ _ _ _ _ _ _ _ _ 0
Automation Projects
1b. Phase Il of Canal _ _ _ _ _ _ _ _ _ _ 0
Operational Model
1c. Line and Pipe Open _ _ _ _ _ _ _ _ 345,000 _ 345,000
Canals and Laterals
1d. Install Sprinkler _ _ _ _ _ _ 257,938 _ _ _ 257,938
Systems
Task 2. Install Riparian Vegetation Improvements
Product 2.
Grazing/Rangeland/ 121,655 19,751 - - 200,000 - 787,925 - - - 1,129,331
Riparian Management
Objective 2. Conduct Public Outreach, Complete Essential Water Quality Monitoring, and Write Reports
Task 3. Conduct Public Outreach Program, Monitor Water Quality and Write Reports
Product 3. Public Education
and Outreach, Monitor

L . - - - - - - - 16,250 - 202,479 218,729
Water Quality, Write
Reports
Other Watershed - - 42,250 200,000 - 85,000 - - 8,903 - 336,153
Improvement Projects

Total 121,655 19,751 42,250 200,000 200,000 85,000 1,045,863 16,250 353,903 202,479 2,287,151
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8.0 FUTURE ACTIVITY RECOMMENDATIONS

During the next 5 years, additional projects segments are planned to finish installing the
BMPs outlined in the Phase I Watershed Assessment Final Report and TMDL [Hoyer and
Larson, 2004] and the Ten-Year Belle Fourche River Watershed Strategic Implementation Plan
[Hoyer, 2005]. This will ensure that the overall goal for the watershed is met, which is to bring
the Belle Fourche River and Horse Creek into compliance with state TSS standards. As
additional TMDLs are completed for other lakes and tributaries in the watershed,
implementation of TMDLSs developed should be added to the Belle Fourche River Watershed
project.
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APPENDIX A
HYDRAULIC MODEL OF THE BELLE FOURCHE IRRIGATION DISTRICT

NORTH CANAL AND AUTOMATED CHECK STRUCTURE
OPERATIONAL CURVES AND CHARTS
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Williamson check during the 2008 irrigation season to ensure that the proper upstream

water depth is maintained at the Williamson Check for specified flows.

During the 2008 calibration period, the Beehive check automation was operable
and the flume was not highly submerged. Recorded flows at the Beehive flume were used
for calibration input into Reach 3. According to BFID personnel, a 12 hour “slug” of
water was sent from the dam to alleviate extreme low flow conditions at the bottom of the
North Canal. This slug of water reached Reach 3 in the middle of the 2008 calibration
period. Having a range of flows during the calibration period is optimum for calibration

but made the Reach more sensitive to the timing of water releases and check adjustments.

Reach 3 was calibrated using the process described previously for both Reach 1
and Reach 2. To calibrate the automated check structures, appropriate Kp values were
entered that reduced oscillations (Table 24). The Williamson check was converted to an
automated check during the 2008 irrigation season. The automation was not operating
during the calibration period. Therefore the Williamson check is not correctly calibrated
as an automated check. Correct positioning of the automated gate in the future could alter
the discharge coefficients and Manning’s n values of adjacent canal sections and check
structures that were found during the 2008 calibration. This issue should be addressed by
collecting field data and calibrating the Williamson Check while the automation is
operable and adding a PID control rule to hold the target level. This process should be

completed before integrating the model into BFID operations.



Table 24 Automated check structure Kp values entered into the PID control rule for Reach 3.

Automated Check Structure Kp Value
Beehive -20
Williamson NA
Townsite -20
Deadman -10
Dry Creek NA

During the initial calibration phase, it was noticed that water depths at the first
four check structures were extremely high in comparison to the field measurements and
datalogger measurements. After a thorough investigation, it was determined that the
reach upstream of the Horse Creek Check and Siphon is highly sensitive to adjustments
and conditions at the Horse Creek Check and Siphon. According to BFID personnel, this
coincides with field observations. If the Horse Creek Check is checked to high,
backwater effects are seen at all checks including the Beehive Check/Flume combo site,
which is nearly 4 miles upstream. It should be noted that the Horse Creek Check has two
triangular shaped overflow weirs. These dimensions were unable to be simulated in
SWMM so the weirs were modeled as rectangular weirs which shouldn’t make a
significant impact unless the water level is high enough to send water over these weirs,
which typically does not happen. The sensitivity due to the Horse Creek Check/Siphon
made calibration efforts much more difficult as one minor adjustment could affect the
entire upstream reach. For this reason, calibration was divided into two phases. Phase 1
included the canal from the Beehive Check/Flume combo site downstream to the Horse
Creek Check and Siphon and Phase 2 included the rest of Reach 3, downstream of the

Horse Creek Siphon ending at the Dry Creek Weir.
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Real-time stage recorded by dataloggers was available at the Beehive Check,
Williamson Check, Townsite Check and Deadman Check. The Dry Creek Check was not
simulated as an automated check since the automated gate was out of the water and
therefore not holding the target level. Real-time flow data was available at the Beehive
check/flume combo site and the Dry Creek Weir, both sites corresponding to the
beginning and the end of Reach 3, respectively. The operation curve developed for the
Beehive Check was not used as a comparison because the discharge coefficients were
developed for the 2007 irrigation season when the check was operating under submerged
conditions which is unrepresentative of the 2008 irrigation season. A new operational
curve developed from data collected in the 2008 irrigation season was still in the
development stage at the time of calibration. The final curves should be available for the
2009 irrigation season. The Townsite Check operational curve was also not used for flow
comparison due to differences seen in the early validation efforts. The number of
measurements taken during the 2007 irrigation season was limited; therefore, the
discharge coefficients will probably change after the 2008 data is incorporated. Another
issue that could affect the calibration results is the fact that during field measurements,
water was flowing over some of the check structure gates. There is no way to model this

in SWMM which could increase the amount of uncertainty to a small degree.

4.5.c.ii Results and Discussion

The results for Reach 3 are very good considering the size of the reach and the
variability at hand. The water balance of the entire reach was simulated very well. At the

start of the reach, the Beehive Combo site had an average relative percent difference of -
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0.0008 percent (Figure 53). The average difference was 0.15 cfs with a maximum
difference 8.95 cfs and a minimum of -4.09 cfs. At the end of the Reach, the Dry Creek
Weir had an average relative percent difference of -1.74 (Figure 54). The average

difference was -1.59 cfs with a maximum difference of 8.61 cfs and a minimum of -8.98

cfs.
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Figure 53. Comparison of the input flow recorded by the Beehive Flume and the flow simulated by
SWMM at the Beehive Check Structure.
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Dry Creek Weir Flow Comparison
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Figure 54. Comparison of the recorded flow and the flow simulated by SWMM at the Dry Creek
Weir.

All automated gates were capable of holding the specified upstream target level
including the Williamson check which had real-time datalogger measurements but was
not holding a target level during the calibration period (Figure 55 to Figure 58). All of
the upstream water levels were within the acceptable range of +10 percent or within 0.3
feet of the field measurement (Table 25). Five of the 27 downstream measurements did
not fall within the acceptable range, of which, only 2 measurements were unexplainable.
At the Horse Creek Siphon Check, one of the downstream depths was -17 percent lower
than the field measurement but was still only 0.1 ft less, which is easily explained by the

turbulent downstream conditions that occur at check structures. The downstream water

depth at the Beehive Check ranged from -12 to -28 percent less than the observed values.

This is because the Beehive Flume was not modeled due to stability issues. When the

flume was placed in the model for trial purposes, it caused significant backwater at the
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Beehive Check and increased the downstream depth. Dredging the canal could also have
caused differences at the Beehive site and the Williamson Check. Since the difference

was explainable it was not considered a major issue. The two unexplainable downstream
exceedances of 20 percent and -13 percent occurred at the Berg and Williamson Checks,

respectively.

Beehive Check Upstream Depth Comparison
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Figure 55. Comparison of water levels recorded in the field by a datalogger and the water levels
modeled by SWMM at the automated Beehive Check.
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Williamson Check Upstream Depth Comparison
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Figure 56. Comparison of Simulated upstream water level to measurements recorded in the field at

the Williamson Check.
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Figure 57. Comparison of water levels recorded in the field by a datalogger and the water levels
modeled by SWMM at the automated Townsite Check.
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Figure 58. Comparison of water levels recorded in the field by a datalogger and the water levels
modeled by SWMM at the automated Deadman Check.

Table 25. Comparison of field observations and SWMM modeled water depths at the check

structures within Reach 3 during the calibration period.

Upstream Depth Downstream Depth
Date Check Structure SWMM Observed Difference % Difference SWMM Observed Difference % Difference
7/30/2008 Beehive 5.50 5.49 0.01 0% 3.33 4.65 -1.32 -28%
7/31/2008 Beehive 5.50 5.48 0.02 0% 4.03 4.59 -0.56 -12%
8/1/2008 Beehive 5.45 5.30 0.15 3% 3.54 4.40 -0.86 -19%
7/30/2008 Williamson 3.50 3.60 -0.10 -3% 2.80 3.20 -0.40 -13%
7/31/2008 Williamson 4.24 4.04 0.20 5% 3.52 3.60 -0.08 -2%
8/1/2008 Williamson 3.74 3.70 0.04 1% 3.04 3.22 -0.18 -6%
7/30/2008 Berg 4.06 4.52 -0.46 -10% 273 2.60 0.13 5%
7/31/2008 Berg 4.81 4.70 0.11 2% 3.49 2.90 0.59 20%
8/1/2008 Berg 4.31 4.38 -0.07 -2% 3.00 2.88 0.12 4%
7/30/2008 Horse Creek Siphon 3.85 4.16 -0.31 7% 0.44 0.45 -0.01 -2%
7/31/2008 Horse Creek Siphon 4.67 4.45 0.22 5% 0.74 0.70 0.04 6%
8/1/2008 Horse Creek Siphon 4.16 4.07 0.09 2% 0.50 0.60 -0.10 -17%
7/30/2008 Haffle 5.00 5.40 -0.40 7% 4.04 4.00 0.04 1%
7/31/2008 Haffle 5.77 5.80 -0.04 -1% 4.48 4.40 0.08 2%
8/1/2008 Haffle 5.24 5.50 -0.27 -5% 4.18 4.20 -0.03 -1%
7/30/2008 Boylan 3.84 3.80 0.04 1% 2.62 2.80 -0.18 -6%
7/31/2008 Boylan 4.27 4.21 0.06 1% 2.88 2.95 -0.07 -2%
8/1/2008 Boylan 3.97 3.92 0.05 1% 2.68 2.90 -0.22 -8%
7/30/2008 Townsite 3.50 3.27 0.23 7% 1.88 1.80 0.08 4%
7/31/2008 Townsite 3.50 3.25 0.25 8% 1.95 1.90 0.05 3%
8/1/2008 Townsite 3.40 3.10 0.30 10% 1.78 1.64 0.14 8%
7/30/2008 Deadman 5.15 4.88 0.27 6% 3.48 3.60 -0.12 -3%
7/31/2008 Deadman 5.15 4.88 0.27 6% 3.76 3.90 -0.14 -4%
8/1/2008 Deadman 4.51 4.78 -0.27 -6% 3.41 3.70 -0.29 -8%
7/30/2008 Dry Creek 4.55 4.80 -0.25 -5% 3.44 3.25 0.19 6%
7/31/2008 Dry Creek 4.81 5.05 -0.24 -5% 3.68 3.45 0.23 7%
8/1/2008 Dry Creek 4.51 4.80 -0.29 -6% 3.41 3.50 -0.09 -3%
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The Manning’s n values for roughness were slightly lower than expected in some

areas (Table 26). Some of the weir discharge coefficients are also outside of the expected

range of 2.6 to 3.4 (Table 27). These factors may be outside of the expected range

because the assumptions and water order errors as well as changes in the channel

geometry are absorbed by these coefficients.

Table 26. Manning's n values assigned to conduits representing canal re

sions in Reach 3

Canal Section

Manning's n

Beehive to Williamson 0.01
Williamson to Berg 0.011
Berg to Horse Creek 0.015
Horse Creek to Haffle 0.01
Haffle to Boylan 0.01
Boylan to Townsite 0.01-0.015
Townsite to Deadman 0.01
Deadman to Dry Creek 0.01
Dry Creek to Dry Creek Weir 0.0145

Table 27. Discharge coefficients assigned to checks in Reach 1.

Discharge Coefficients
Structure
Weir Orifice/Gate
Beehive 3.7 0.9
Williamson 4 1
Berg 3.2 0.7
Horse Creek Siphon 2.8 04
Haffle 3.2 0.7
Boylan 3.2 0.7
Townsite 4.5 1
Deadman 4.4 1
Dry Creek 2.8 0.6
Dry Creek Weir 3.2 -
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4.6 Summary of Calibration Results

Overall, the calibration results are very good considering the assumptions made
and the amount of variability in the system. When looking at the entire model, only one
out of 49 upstream depths and only 9 out of 49 downstream depths exceeded the
acceptable range set at + 10 percent, or less than 0.3 feet (Table 28). The total percent
exceedence for upstream depths was two percent and 18 percent for downstream depths.
All of the automated check structures were capable of holding the target level set in the
PID controller. These statistics prove that the North Canal SWMM model is fully capable
of modeling irrigation operations within the BFID. The issue now becomes the collection
and recording of manual check adjustments and the amount and timing of water
deliveries which would need to be entered into the SWMM model in order to use the tool

to the best of its abilities.

Table 28. Overall exceedances of the acceptable range set at + 10 percent, or less than 0.3 feet.
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Number of Upstream Upstream Percent Downstream Downstream Percent
Calibration Data Exceedances Exceedance Exceedances Exceedance
Reach 1 12 1 8% 4 33%
Reach 2 10 0 0% 0 0%
Reach 3 27 0 0% 5 19%
Total 49 1 2% 9 18%

5.0 Sensitivity Analysis

A sensitivity analysis was completed by Schoenfelder (2006) for important check

structures on the South Canal. The check structure depths and their sensitivity to
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Manning’s n and gate and discharge weir coefficients were the focus of the analysis. The

sensitivity results show that check structure depth has an inverse relationship with
Manning’s n and a direct relationship with orifice and weir discharge coefficients.
Schoenfelder (2006) found that discharge coefficient effects on check structure depths
seemed to vary depending on the particular check structure. The check structure depth
sensitivity to Manning’s n adjustments depended on the depths occurring at the check and
the structures distance from the dam. Check structure depth sensitivity to discharge
coefficient adjustments depended on the number of orifices (gates) and weirs, and the
magnitude of the calibrated discharge coefficients. Schoenfelder’s sensitivity results are
shown in Figure 59, Figure 60, and Figure 61. Schoenfelder’s results were used as a
guide in the North Canal calibration process because of the similarity between canal

structures.
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Figure 59. Sorenson Check sensitivity analysis plot (Schoenfelder, 2006).
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Figure 61. Vale Check sensitivity analysis plot (Schoenfelder, 2006).

6.0 Recommendations

The following recommendations (listed in no particular order) describe ways to
improve the developed North Canal SWMM model. The recommendations should be

considered before implementing the SWMM model as a decision making tool.

1. Inaccurate and missing physical properties proved to be most frustrating while
calibrating the North Canal Model. A detailed survey of the North Canal
including structures along the canal should be conducted. This should include:
accurate canal dimensions, siphon, turnout, and check invert elevations and
stationing especially for a few of the checks that were unavailable in BOR survey

data.
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2. Re-calibrate the model for automated checks that were inoperable during the
calibration period. For example, the automation at the Williamson Check was not
operating during the calibration period therefore the Williamson check was not
calibrated as an automated check. For future use, a PID control rule would need to
be added for the Williamson check in order to simulate the newly installed
automated gate. The new automation could alter the discharge coefficients and
Manning’s n values of adjacent canal sections and check structures that were
found during the 2008 calibration. If automation is installed at any of the current
unautomated checks the same process should be followed. This issue should be
addressed before integrating the model into the BFID operations.

3. The operational chart/curves should be validated based on the field measurements
collected in 2008. The validated operational curves/charts should then be used to
validate the North Canal SWMM model. Field measurements from 2008 are
available to validate Reach 1 and Reach 2 of the North Canal SWMM model.
New data would need to be collected to validate Reach 3 since the data collected
in 2008 for Reach 3 was used for calibration because of insufficient data during
previous years which was discussed in Section 3.5.c.i.

4. Calibrate and validate Reach 4 of the North Canal SWMM model by collecting
more field measurements. This would provide a complete understanding of the
entire North Canal system.

5. A user-friendly interface file should be developed which would provide all the
input data SWMM needs to run a simulation. This would allow BFID personnel to

run the model and produce results without ever opening SWMM. This would



make the model more user-friendly to people who are unfamiliar with the SWMM
program as it can be overwhelming to those who may not know how to use it. It
would also reduce the time and personnel needed to obtain results.

The proportional coefficients for each check should be fine tuned to include
different Kp values based on ranges of flow. Additional effort could be done to
improve the integral and differentiation terms within the PID controller to further
fine-tune the model.

. As newer versions of SWMM are released, the ability to model bridges and
culverts as well as other relatively short conduits should be studied. Modeling
short conduits would especially improve the model because it would provide a
better representation of the actual channel dimensions and locations of turnouts
and laterals.

. Limited data pertaining to check adjustments and water orders provided the
highest degree of uncertainty while calibrating the North Canal Model. Optimally,
it would be best to have a log for each check containing adjustments made to
checks and turnouts and the timing of these changes which would reduce the
assumptions made during calibration. The variability in water orders and check
adjustments are absorbed by changing the discharge coefficients of the gates and
weirs of the check structures. If the amount of water and the timing of the water
deliveries is fine-tuned (more accurately known), the discharge coefficients could
be calibrated more precisely. The calibration of the model is ultimately only as

good as the data collected and used for calibration.
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7.0 Model Applications

The North Canal SWMM model could be used as a whole or broken down into
the designated BFID rides. The model could be broken down further wherever real-time
flow data is available. Real-time flow data could be produced using operational
spreadsheets where they are available. By inputting actual flow data into the model,

variability produced from the model would be minimized.
7.1 Decision making and Predictor tool

The North Canal SWMM model could be a valuable decision making tool. The
model would be able to predict when water orders will be available for deliveries at
specific locations along the canal. It would also be able to predict the “lag time” for any
location along the canal. The lag time is the length of time it will take water released
from the dam to reach any specific delivery location on the main canal. Once this is
known, ditch-riders and farmers will know minimum advancement time needed in order

to receive water on a particular day.

The SWMM model could also be used to foresee whether or not check structures
will need to be adjusted to handle the expected flow. In particular, the SWMM model
would be able predict if an automated gate at a check structure will become maxed out
due to the expected flow and the current manual gate settings. If so, new manual check
settings could be input into the model to tell the ditchrider approximately where to set the
manual gates and weirs. On the other hand, available operational charts/curves and/or

spreadsheets could be used to find the appropriate manual gate settings to give the
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automated gate its maximum range of motion for the expected flow. The SWMM model
would also be able to give BFID personnel the information to assess how lower reaches

of the canal will be affected by changes or adjustments occurring upstream.

The SWMM model, check structure automation and the operational curves/charts
and spreadsheets are all valuable but limited tools by themselves. By using the SWMM
model, the automation and the operational curves/charts and spreadsheets in tandem, the
BFID could maximize their understanding of the irrigation system and would be able to

utilize the full potential of each of these unique tools.

7.2 Ditch-rider/Employee Training

Currently, one of the most realistic applications for this model would be to use it
as a training tool for new BFID employees who are unfamiliar with the system. If a new
ditch-rider is hired prior to the irrigation season, the SWMM model could give them an
overview of the complexity of the BFID and show them how adjustments can affect the
entire upstream and downstream portions of the canal. It could also illustrate how
automated gates work and explain the correct operation of an automated check structure
or unautomated check structures. Ditch-riders could become familiar with the
approximate locations of structures along the canal. Although using SWMM as a training
tool could never replace the importance of in-field training provided by the BFID, it
could reduce the stress on new employees and reduce the amount of common mistakes

due to inexperience.



8.0 Conclusions

The overall goal of this research was to increase the efficiency of the BFID by
creating a hydraulic model of the North Canal supplemented by operational curves, charts
and spreadsheets developed for key check structures. Operational curves, charts, and
spreadsheets were developed for key automated checks based on field measurements
which included gate openings, manual weir settings, upstream and downstream water
levels and discharge, which was measured using the ADCP. Based on these field
measurements, discharge was calculated using common weir and orifice discharge
equations. The orifice and weir discharge coefficients were adjusted in the weir and
orifice equations until the sum of the calculated discharge matched the discharge
measured in the field. The coefficients that minimized the error were used to develop
charts, curves and spreadsheets that can be used to improve the operation of automated

check structures and turn automated checks into flow measuring devices.

A North Canal model was developed using EPA SWMM for the entire North Canal. The
North Canal was divided into four reaches; of these, the first three were calibrated based
on recorded water orders, field measurements collected during the 2007 and 2008
irrigation seasons, and rating curves developed from the field measurements. Various
different methods of simulating automated gates at check structures were investigated.
Due to limited field data and time constraints, the North Canal model and the operational
curves/charts were not validated. Differences between the observed data and the

simulated results are believed to be primarily due to uncertainty in water orders and water
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deliveries, insufficient physical characteristics of the canal, and assumptions pertaining to

manual structure adjustments.

The North Canal SWMM model is fully capable of simulating the entire BFID
irrigation system if the appropriate amount of data is collected. The issue now becomes
the collection and recording of manual check adjustments and the amount and timing of
water deliveries that would need to be entered into the SWMM model in order to use the
tool to the best of its abilities. The BFID can use this model as a tool for ditch-rider
training, and for understanding the complexities of the North Canal, and as a decision-
making tool concerning system operation and structure adjustments. By using the
developed SWMM model and the operational curves, charts, and spreadsheets, the BFID
could reduce non-used irrigation return flows, which would in turn reduce the TSS in the

Belle Fourche River.
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The Partnership’s Goal

We are a volunteer group of local people and
organizations dedicated to the enhancement of the
Belle Fourche River Watershed. The Partnership’s
goal is to provide a voluntary management approach
to the Belle Fourche River Watershed to conserve its
natural resources, foster the long term economic
stability of its communities, maintain the social and
cultural values of those communities, and ensute the
sustainability of the primary aquifer basin’s safe yield.
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For more information, visit our website at
www.bellefourchewatershed.org

We are continually seeking new and innovative ways
to improve conservation in the watershed while
promoting economic sustainability and growth.

Future goals regarding groundwater inventory:

e Determining the basin’s safe yield
e Determining sustainability of the aquifer
e Preventing aquifer mining

EXPLANATION
) Major aquifer
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students, civic and government
leaders and others, including
pasture walks, riparian work-
shops and range camp.

Bimonthly meetings are
open to the public to
encourage community
involvement. Watershed
tours demonstrate/educate
local, state and federal
governing groups

- on Partnership activities.

We continue to successfully
build relationships with state
and federal agencies and local
agriculture producers to
promote conservation on the
ground.

Conservation planning includes proper grazing,
which improves surface water quality and overall
range health. Healthy range lands are profitable and
sustainable.

'urnn,linj'ng‘ and iin projects in the
Belle lfiqurche Irrigation District.
i

e Funding support for
improved irrigation
application with center
ptvots.
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