NEMADJI RIVER BASIN SEDIMENT
TRANSPORT MODELING FOR TWO
SUBWATERSHEDS

PREPARED FOR:

USACE, DETROIT DISTRICT

PREPARED BY:

W.F. BAIRD & ASSOCIATES COASTAL ENGINEERS LTD.
2981 YARMOUTH GREENWAY,
MADISON, WISCONSIN, 53711 USA

AUGUST, 2000

Baird & Associates Nemadji River Basin Sediment Transport
Modeling for Two Subwatersheds



Thisreport has been prepared for USACE by:

W.F. BAIRD & ASSOCIATES COASTAL ENGINEERS LTD.
2981 YARMOUTH GREENWAY
MADISON, WISCONSIN 53711 USA

For further information please contact
Dr. Rob Nairn, (905) 845-5385

Baird & Associates Nemadji River Basin Sediment Transport
Modeling for Two Subwatersheds



TABLE OF CONTENTS

1. INTRODUCTION 1
11 BACKGN OUNG......oieieicciieeirt et et 1
12 SCOPE OF THIS SEUAY ..ttt 1
13 Organization Of THIS REPON......c.cuerireerre et 2
14 ACKNOWIEAGMIENTS ..ottt s bbbt 2

2. NEMADJI SEDIMENT TRANSPORT MODELING SYSTEM 3

3. DATABASE PREPARATION 4
3.1 Watershed Delineation USING GIS......iccccsccsss s ss s s s sssnsnns 4

3.1.1 The ArcView Environment and EXIENSIONS ..o sssesssssssens 4
3.2 Subwater shed-Based Curve NUMBDEN ValUBLION ..ot sese s ssssessssessssssenssennns 4
2.1 CUIVE INUMDEIS ....ccoieeieeeee ettt s e 4
3.2.2 Creating Unique Areasfor Curve NUMbEr ValUation.........cccccvvereennenscneneseenesessssesessssssesesssssssnens 5

4. RAINFALL-RUNOFF AND HYDRODYNAMIC MODELING 6

.1 IMTOOE] SEE-UD ..oeeierestieseiee et es e s bbb Rt 6
4.1.1 DAA COIHECLION ...ttt e 6
4.1.2 River network, Cross-sections and CatChMENTS..........cceeeeeeeieereceeeee et ses et sesens 7

4.2 Rainfall-RUNOFT MOUE Par@mMELEr'S ..o sessessesessesses e sssssssssessessessessessessessessesaes 8
4.2. 1 MOEl INPUL PAr@mMELEIS.......cvvereeteiricisieesessieesessss et sssssssssssssssssssssssessssssssssssssssssssssssssssesssssssesssssssesssssns 9

Area Adjustment Factor

BASE FIOW ...ttt
CUNVE INUMDET ...ttt s 10
Antecedant Moisture ConditioNS (AMC) ...t es s sssssaenas 11
o T 11O 13
4.3 HydrodynamiC MOUE Par@MELEr ..ottt ss s s st st bes s s ssssssssesassnns 15
4.4 BOUNAArY CONAITIONS......ccuieeeccteiecce sttt e s s e as b s st ee st s st b es s st es s s antetasnas 16
A5 CAlIDIALIONS ...ttt bbb 16
4.5.1 Calibration/VerifiCation DAL ..ot sssssssssssans 16
4.5.2 SKUNK Creek CalibrationsS.........ccvrereiirerieieeetseesese et ssse s s sssssssenns 17
SLOMM ON AP LOT8.....coeeete s 17
4.5.3 D€l Creek CalibDratiONS.......cvueuriereiereieressireieiseie s s ss e 18
SEOMM N AUGUSE 1978 ...ttt s st e st se et a s s s s n s s s e e 19
SEOMM ON JUIY L7 ...ttt st s s s st st a e ne e st s s e 19

Baird & Associates Table of Contents Nemadji River Basin Sediment Transport

Modeling for Two Subwatersheds



5. SEDIMENT LOADING MODEL 20

LoV oo = DT Y= (o T 0 TP 20
B2 INPUTS ..ttt b bbb et R bbbt b b 21
B3USING THE EXTENSION.....oiiiueiriritie et sesesie st ss s bbbt ssse s s sssssssesens 22
B4 CAlIDIALIONS ....veverereeeee st ses s b bR 23
6. APPLICATIONS 24
6.1 Effect of Harvesting FOr@St LaN.........coceieecreeee et en s ssssssesesnssennns 24
6.2 Effect of Having 65% OPEN LaNnd........ocieeiieenereicrreeeenees e ssse s s s ssessessssssssnssssns 25
6.3 Effect of INCreased PreCiPitalion ... 25
7. NECESSITY OF APPLYING THE SYSTEM TO THE ENTIRE BASIN......................... 27
8. CONCLUSIONS AND RECOMMENDATIONS 29
8. L CONCIUSIONS ...ttt eeteesees ettt ees s R b bbbt 29
8.2 RECOMMENUBLIONS .....o.cveveeeeeseeee ettt et ees et s bbb bbbt 29
9. REFERENCES 31
Baird & Associates Table of Contents Nemadji River Basin Sediment Transport

Modeling for Two Subwatersheds



1. INTRODUCTION

1.1 Background

Per authority granted in Section 516(€) of the Water Resources Development Act of 1996, the
Corps of Engineering was directed to develop sediment transport models for tributaries to the
Great Lakesthat discharge into Federa navigation channels or Areas of Concern. This report
describes the development of sediment transport models for the Nemadji River Basin.

The Nemadji River comprises a433 square mile watershed. The river flows to Superior Bay at
Superior, Wisconsin. The watershed covers three counties (Carleton, Pine and Douglas) in the
gates of Minnesota and Wisconsin. The region is comprised of roughly 69% forested areas,
18% cropland and pastures, and 11% wetlands and lakes. Roughly one third of the Nemadii
River Basinis comprised of glacid till, and glacid lake-laid clay soils commonly known as Red
Clay. ThisRed Clay is consdered to be highly erodible, and is prone to extensve mass wasting
and bank dumping. Due to high turbidity and sediment loads, an estimated 33,000 tonnes of
Nemadji River sediments are dredged annually by USACE. A comprehensive sediment budget
completed as part of the Nemadji River Basin Project (1998) determined that 98% of the
sediment yied from the Nemadji Basin is derived from the erosion of the valey wdls. In
addition, the sediment delivery ratio (SDR) was found to be almost 98% — indicating dmogt all
of the sediment that is eroded aong the Nemadii Basin tributariesis trangported to the mouth of
the river. Forestry and timber harvesting practices may have had an impact upon this erosion.
The turbidity in the river and dredging in the mouth have an impact on fishing and other
recregtiond uses. A tool to assess the implication of land use planning and the merits of remedid
measures is required. This report describes the development of awatershed based sediment
trangport mode and addresses this requirement. It congsts of hydrologic, hydrodynamic,
erosion and sediment delivery models.

1.2 Scope of This Study
This report presents the results of Phasell. This study encompasses the following four parts.

Model system development: amode system to assess the impacts of land use change on
the sediment loading has been developed. The mode system consists of the database
preparation, hydrologic mode, hydrodynamic model and sediment transport modd. The
system has been applied and cdlibrated in two sub-watersheds --- Skunk Creek and Deer
Creek.
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Training and user manual prepar ation: aworkshop was held in Duluth on April 11-12,
2000. The detailed capabilities of the modd and how its results can be used were presented
to the local agencies and organizations in attendance at the workshop. A detailed user’s
manual has been prepared that provides step- by-step ingtructions to run additiond
scenarios.

L and use assessment : The system has been applied to assess the effects of forestry
practices upon hydrodynamic and sedimentary response systems. As apart of the forestry
practices research, the effect of 65% open space (65% open space was identified as a
critica vauein apaper by E.S. Verry — 1993) has been assessed by the system. The
effects of increased precipitation have also been assessed.

Necessity of the application to the whole water shed: The necessity of the application of
the developed system to the whole watershed has been assessed.

1.3 Organization of This Report
Thisreport is organized into the following components:

Generd description of the Nemadji Sediment Transport Modeling (NSTM) system;

Spatid database preparation within a GIS environment;

Development of hydrologic and hydrodynamic moddsin the two sub-watersheds, Skunk
Creek and Deer Creek;

Sediment trangport modd devel opmert;

Assessment of effects of land use change on the hydrodynamics and sediment trangport; and
Assessment of necessity to gpply the system to the entire watershed.

1.4 Acknowledgments
The following are acknowledged for their assstance in this project:

Dr. James Sdlegean in USACE, a project manager at the US Army Corps of Engineers,
Detrait Didtrict;

Mr. David White of Wade-Trim, the prime contractor on this project. Wade- Trim provided
assgtance in the hydrological modding and the model sdlections.

Mr. Paul Sandstrom, NRCS, provided representation of local interests in addition to local
knowledge of the Nemadji River Bagn,

Mr. Tony Kroska, (GIS specidist) who provided the GIS data from Carlton County; and
Dr. Mark Riedd (at the time with Univeraty of Minnesota) who provided insght into
erosion processes in addition to data for the Skunk Creek subwatershed.
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2. NEMADJI SEDIMENT TRANSPORT MODELING SYSTEM

In order to assess the effects of the land use change on the hydrodynamics and sediment
transport in the Nemadji River, a hydrologic mode, a hydrodynamic modd and a sediment
trangport modd are employed and linked together. To identify chalengesin developing a
modeling system, an approach was taken to obtain, restore, and convert models and archived
higtoric databases to current computer and software platforms. This dlows a clear assessment
of the required level of effort in developing a modding system based on available low cost
goplications. A greater portion of this effort would be devoted to the development and
engineering of custom software utilities to link the different modeling components. In this project,
amodd system has been devel oped to account for the hydrology, hydrodynamics and sediment
transport in the Nemadii River Basin, collectively called Nemadji Sediment Transport Model
(NSTM) system.

The NSTM system consists of GI S-database components, a hydrologic modd, ariver
hydrodynamic modd and a sediment transport model as shown in Fig. 2.1. ArcView GISis
used to create geographic data, andyze the data, and prepare the data for input to the
hydrologic modd and the hydrodynamic modd. The hydrologic modd generates time-series
runoff for input to the river hydrodynamic modd. The hydrodynamic modd provided the
hydrodynamic parameters such as water velocity, depth and discharge to the sediment transport
modd. Lastly, the sediment transport model predicts sediment erosion and deposition in the
river.

Based on the review of the modeling optionsin Phase | of this project, the Danish Hydrauic
Ingtitute (DHI) MIKE system was chosen for the hydrologica mode and hydrodynamic model
for the NSTM system. A sediment trangport modd in the NSTM system was developed in this
project because the DHI MIKE sediment transport module cannot account for the river cutting
and bank dumping, the source of dmost al the sediment yield.

Detalls for these components are described in the following sections.
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3. DATABASE PREPARATION

3.1 Watershed Ddlineation usng GIS

A watershed defines the catchment area of a surface drainage feature such as a creek or river.
A specific catchment areaincludes dl the land that contributes (drains) to a centra point. This
overland drainage pattern is based on the topography of an area.

This drainage behaviour can be modeled within a GI'S environment using a combination of
datasets and andysistools. The process described here will use Digitd Elevation Model
(DEM) datasets from the United States Geologica Survey (U.S.G.S.)). DEMsconsst of a
sampled array of devations for anumber of ground positions a regularly spaced intervals. The
software used isArcView GIS 3.2, from Environmenta Systems Research Indtitute (ESRI),
Redlands, Cdifornia

The watershed delineation processis described step-by-step in the accompanying User
Manua, using the Nemadji River tributary Deer Creek as an example. The processis detailed
usng ArcView GIS.

3.1.1 The ArcView Environment and Extensions

To delineste watersheds, two ArcView extensions developed by ESRI are used: Spatia
Andys v.1.1 which must be purchased separately; and Hydrologic Moddling v1.1, which is
included with ArcView v3.1 and v3.2. The use of these extensonsiis detailed within the
accompanying User Manudl.

3.2 Subwater shed-Based Curve Number Valuation

3.2.1 Curve Numbers

Curve numbers provide away of describing how quickly and to what extent sorm rainfdl
becomes runoff for aparticular area. Mgor contributing factors include land use cover and ol

type.

Curve numbers have been developed by the Soil Conservation Service to describe the
characterigtic land use, trestment or practice, hydrologic condition, hydrologic soil group
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present within a watershed, and antecedent moisture condition. Land use defines whether the
areais agricultura, suburban or urban land. Treatment refers to agricultura practices such as
straight row, terraced or contoured farming. The hydrologic condition (poor, fair, good) refers
to anumber of factorsthat tend to increase or decrease runoff (i.e. dengity of vegetative canopy
or degree of surface roughness). The hydrologic soil group refersto the generd nature of the
underlying soil.

Curve numbers for various conditions were developed by the SCS from studies of gaged
watersheds. The CN vaue takes into consderation the initiad aostraction which conssts of
interception, infiltration, and depression storage.

3.2.2 Creating Unique Areas for Curve Number Valuation

The land use and soil type dataset themes are readily available in GIS dataformats. Each theme
separately describes features as shapes with atributes. Combining these two data setswill
provide unique areas for curve number vauation. This process is undertaken completdy within
the ArcView GIS environment. This processis described in detall in the accompanying User
Manua, section 3.3 Integrating Multiple Source Data Sets for CN Vauation.

Once the unique areas of CN valuation have been determined, they must be aggregated to
drainage catchment areas to provide area-weighted curve numbers. Again, this processis
undertaken completely within the ArcView GIS environment, and is described in detail in the
accompanying User Manual, section 3.4 Calculating Area- Weighted Curve Number Vaues.
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4. RAINFALL-RUNOFF AND HYDRODYNAMIC MODELING

The Nemadji River sediment transport modd system includes the MIKEL11 model package.
Two modules of the MIKE11 modd, Rainfdl-Runoff (RR) and Hydrodynamics (HD), are
licensed at thistime and available for modeling the Nemadji River. This section describesthe
mode set-up and cdibrations of the Rainfdl- Runoff and Hydrodynamic moddling in detail. The
MIKE11 system links interndly both the RR and the HD modules. For this reason, the detailed
configurations for these two models are presented together.

4.1 Model Set-up

Two sub-watersheds of the Nemadji River basin have been modeed: Skunk Creek and Deer
Creek. Dueto changesin data availability dong with improvementsin cregting links within the
NSTM modd components, dightly different gpproaches have been taken in setting up both
Skunk and Deer Creek. The work performed to set both up is presented here.

In generd, the RR and HD model set-up for each of these sub-watersheds consst of the
following seps:

Data Collection;

Preparation of river network and cross-sections,
Preparation of catchments;

Sdection of modd input parameters, and
Development of boundary conditions.

4.1.1 Data Collection

Data collection efforts were performed under the Phase | work for use in the modeling of the
sub-watersheds. In genera, topographic maps, soil type data, land use coverages, stream lines,
precipitation data, stream discharge and stage data, photographs, surveyed cross-sections, and
historica flood studies were utilized. This information was converted to a consistent deta format
within aGIS framework. The GIS tools were then used to convert the GI S-formatted data to
modd inputs. Details on the GIS work are presented in Section 3.

Precipitation records in the period from 1976 to 1978 were collected from the Holyoke
meteorologica gation, which isthe nearest sation to the modeing area. The hourly stage
recorded within five selected storm events from 1977 and 1978 were collected a the U.S.G.S.
Deer Creek Gage near Holyoke, MN (U.S.G.S. Gage Number: 04024098). The hourly
discharges for these five storms are caculated from the discharge table provided by the
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U.S.G.S.. Continuous daily discharges from 1976 to 1998 are available to identify storm
periods during these years.

4.1.2 River network, Cross-sections and Catchments
Skunk Creek

The modd domain is the entire watershed of Skunk Creek and its branches, Dueder and Elim
Creeks (see Figure 4.1). Theriver network prepared for the HD moded consists of Skunk
Creek and its main branches as Dueder Creek and Elim Creek as shown in Figure 4.1. Mutiple
control points are selected in the creek in order to obtain a representative river chainage. The
grids of the Skunk Creek network are shown in Figure 4.2. All other smaller sreams are
neglected and dedt with as laterd inflows in the hydrodynamic model because a reasonable
representation can be obtained using laterd inflows.

Cross section shapes were surveyed at different locations of Skunk Creek as shown in Figures
4.3 10 4.9. The cross-sections used in the model were obtained from afidd survey performedin
the spring of 1998. The longitudina profiles of Skunk Creek are shown on Figures 4.10 to
4.12. The entire watershed is divided into 31 catchments as shown in Figure 4.1. Each
catchment is uniqudly identified with a letter-number combination. The letter suffix identifies the
main branch that the catchment is based upon: ‘S’ identifies the main Skunk Creek branch, ‘D’
identifies Dueder Creek, and ‘E’ identifies Elim Creek.

Deer Creek

The modd domain is the entire watershed of Deer Creek and its branches (see Figure 4.13).
The river network prepared for the HD model consists of only the Creek and a main branch
identified as Branch 1 in Figure 4.13. Multiple control points are selected in the creek in order
to obtain a representative river chainage. The grids of the Deer Creek network are shown in
Figure 4.14. All other smaller streams are neglected and dedlt with as laterd inflowsin the
hydrodynamic model because a reasonable representation can be obtained using latera inflows.

Cross section shapes were surveyed at different locations of Deer Creek as shown in Figures
4.15 to 4.20. The cross-sections used in the modd were obtained from the topographic map
and adjusted with the measured cross-section parameters obtained from afield survey
performed April 10, 2000. Thetypica cross-sections are shown in Figure 4.21. The
longitudind profile of Deer Creek determined by cross-sections is shown in Figure 4.22.

The entire watershed is divided into 29 catchments for small streams as shown in Figure 4.23.
Runoff of each catchment is generated using the RR modd. These runoffs are inputted into the
hydrodynamic model as laterd inflows of the neglected streams.
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4.2 Rainfall-Runoff Modd Parameters

Within the Nemadiji River Model MIKE11 modeing framework, two hydrology modules are
avalable for use in modding the rainfal-runoff process. The UHM modd, which is suitable for
the smulations of runoff from a single sorm event, was selected and gpplied to Skunk Creek
and Deer Creek. The SCSloss method is used to caculate the excessve rainfal and the
dimengonless hydrograph method is used to generate the time series runoff.

NAM

The NAM module is a Danish Precipitation- Runoff mode developed at the Indtitute of
Hydrodynamics and Hydraulic Engineering a the Technica University in Denmark (1973).
NAM features 10 digtinct parameters for use in describing overland flow, interflow, and
groundwater baseflow components. It requires the input of precipitation, potential
evapotranspiration, storage capacities of the soils, overland flow runoff coefficients, time
consgtants for interflow, baseflow parameters, capillary flux and water logging data, a series of
threshhold vaues, and time congtants for overland flow routing.

Determination of each of these parameters requires cdibration to actud gaged data. While the
NAM has been applied to watersheds dl over the world, its application in the U.S. and
availability of typical parametersislimited. Since one god of this project isto provide a
modding system that could be directly used by local users, it was decided that this modd, while
available for detailed modeling, would not be used as apart of the Phase Il efforts. However,
future users that were interested in consgdering the use of amore complex and data intensive
method would have the option of usng NAM within the overdl modding system.

UHM (Unit Hydrograph M odel)

The UHM Module within MIKE11 provides for savera options for hydrologic modeing
including the use of the SCS Method to determine runoff volume and hydrograph shape. It was
fdt that the use of the SCS Method would be a good starting point for the development of a
hydrologic modd. Similar work was performed on Deer Creek by the U.S.G.S. using the SCS
methods. Thiswork helped to define SCS runoff curve numbers as a function of tree type and
age. It was proposed to build upon both of these resources for use in developing a consistent
system for developing Nemadjji River watershed hydrology.

The SCS Loss method within the UHM modue dlows for the caculation of runoff based on
Curve Number as afunction of land use and soil type. The SCS method within the UHM
module dlows for the following unit hydrograph options:

=  Triangular
= SCSDimensonless
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= User Defined
= Lag Time (SCS)
= Lag Time (User Defined)

The Lag Time (SCS) method was selected for use on this project.

4.2.1 Model Input Parameters

Rainfdl-runoff calculations are performed in al catchments independently. The modeling
parameters for each catchment can be set differently. Ingeneral, the RR Modd Input
Parameters for each catchment in the UHM Model are:

Area adjustment factor

Base flow

Dimensionless Curve Number (CN)
Antecedent moisture condition (AMC)
Lag time (tL)

Details of the Nemadiji River work for each input are presented below.

Area Adjustment Factor

Area adjustment factor accounts for the spatid variation in therainfal intengty within a
catchment. There does not exist any information about the rainfall spatia variations. Only one
ranfal gaging station (Holyoke Station) is available near Skunk Creek and Deer Creek
watersheds. Therefore, the assumption was that rainfal intensity is uniform for all modd areas
and the factor is set as one for dl catchments in both sub-watersheds.

Base Flow

Base flow represents the congtant flow during periods without rainfal. It was found that the base
flows in these two creeks are so small and are therefore neglected. No base flow isapplied in
the two hydrologica models.
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Curve Number

Curve Number (CN) is the most important parameter in the UHM modd, which isused to
cdculate the excess rainfall for asingle sorm event. The CNs are cd culated according to soil
type and land coverage for each catchment using the GIS procedure as described in Section 3.

Land Use

For the Skunk Creek work, only four land classes (Wetlands, Open, Conifer, and
Deciduous) were defined in the available GIS data layer for the watershed. For the
Deer Creek work, 10 origind land use classes were available (Mixedwood forest,
Coniferous forest, Deciduous forest, Farmsteads and rural residences, cultivated land,
shrubby grasdand, grasdand, open water, wetlands — bogs, and wetlands — marsh and
fens). The CNsfor the Skunk Creek catchments are listed in Table4.1. The CNsfor
the Deer Creek catchments are listed in Table 4.2.

Soil Types

Magor soil classficationsin the GIS data layers for the Skunk and Deer Creek
watersheds identified three mgjor categories:

Red Clay Areas (MN 300)
Non-Red Clay Areas (MN 255)
Non-Red Clay Areas (MN 254)

The SCS Soil Survey for Carlton County was obtained to review some of the detall
from aerid mapsto better define the composition of each of these land classes. The Soil
Survey was reviewed to understand better the detailed hydrologic nature of the soil in
terms of hydrologic soil type. The s0il type does not consider dope or vegetative cover

type.

A: Soilswith high infiltration rates (0.30 to 0.45 inches per hour)

B: Soils having moderate infiltration rates (0.15 to 0.30 inches per hour)
C: Soilshaving dow infiltration rates (0.05 to 0.15 inches per hour)

D: Sails having very dow infiltration rates (0 to 0.05 inches per hour)
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Typicd Nemadji Soil Types can be dassified asfollows:

Soil Name Type
Allendde B
Bergland D
Beseman A/D
Blackhoof D
Campia B
Dawson A/D
Duluth B
Duder C
Greenwood A/D
Nemadji B
Newson A/D
Omega A
Ontonagon D
Spooner C/ID
Udorthents B

(/ - designates adrained vs. undrained conditon)

In the future, it is anticipated that detailed soil layer data based on the SCS Surveys will
be converted to a GIS compatible format. This information could be readily used in
future within the Nemadji modding framework.

Antecedant Moisture Conditions (AMC)

There are three types settings for the initia antecedent moisture condition that can be set in the
UHM modd - dry, normal and wet conditions are available to present the moisture condition at
the beginning of smulations. Antecedant moisture conditions are defined as.

5-Day Antecedant Rainfall (mm)

Condition Description DORMANT GROWING
I Optimum soil condition <13 <36
I Average vaue for annual 13-28 36-53
floods
Il Heavy rainfdl or light >28 >53
rainfall/low temperatures within
5 days prior to a storm
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(from U.S. Department of Agriculture, Soil Conservation Service, SCS Nationa Engineering
Handbook, 1972)

Initid AMC is st in the hydrological modd according to the previous five day rainfal records.
Initil AMC used in an individua storm is described below.
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Lag Time
Skunk Creek

For the Skunk Creek work, it was proposed to use the SCS method to determine lag time as
presented in the Minnesota Hydrology (MH) Handbook. The MH handbook outlines the
gpplication of the SCS method specificdly to Minnesota However, after performing initial
cdibration comparisons between the Skunk Creek modeled versus gaged flows, it was found
that the Minnesota SCS method tended to overpredict the flow rates from the watershed.
Based on this, the lag times were manualy adjusted based on comparisons between metered
and modeled flows for severd storm events. In most cases, this resulted in lag times that were
two to four times greater than the originaly caculated times.  For the Deer Creek work, this
issue was revisted and a refined method was devel oped to addressthisissue. Itis
recommended that any further work be conducted using the method developed for the Deer
Creek work.

The hydraulic lengths and averaged dopes are listed in Table 4.1.

Catchment [Loss Curve |Origind Lag |Adjusted Lag
D Number Time (hr.) Time (hr.)
D2 80 4.6 24

SO 35 17 8

E2 33 1.7 8

3 36 2.2 8

El 33 8.8 24

E1-E2 30 1.0 8

E3 86 1.6 8

S3-9 32 0.6 8

S7-S8 33 0.5 4

E2-E3 36 14 8
S10-S11 34 4 4

E3-S7 33 4 4

D4 32 15 8

S6 87 18 8

S10 34 2.7 8

S9-S10 34 1.0 4

D1 76 3.2 24
D1-D2 31 0.7 8

D3-D4 33 0.6 4

D4-D5 33 0.5 4

S5-S6 34 1.0 4
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S6-S7 33 1.3 4
D2-D3 80 1.1 4
A-S5 84 1.6 4
D3 85 6.3 8
A 386 7.3 24
S3-HA 87 .8 4
S2 38 7.5 8
S1 33 4.0 24
S2-S3 85 0.7 4
S1-S2 84 1.6 8
S3 85 16.6 24
Deer Creek

The other important parameter in the UHM modd islag time, which distributes the excess
ranfdl through time series. The lag time can be determined by hydraulic length and average
dope which are measured from the topographic map. The hydraulic length for a catchment is
measured as the average distance dong streams from catchment to the inflow point in the
hydrodynamic river. The averaged dope is measured as the division of the maximum eevation
difference and hydraulic lengths. The hydraulic lengths and averaged dopes are listed in Table
4.2.

Table4.1 UHM Parametersusing the Rainfall-Runoff Modd

Hydraulic | LossCurve | Lag Curve : Adjusted
Catchment Leti/gth (km) | Number Number | S10PeC0) Leg Time () | FoLEe
DCC 01 0.55 80 20 4.4 1.36 63
DCC 02 1.39 78 20 24 3.93 61
DCC 03 0.51 79 20 6.0 1.11 62
DCC 04 0.67 79 20 3.3 1.86 62
DCC 05 1.22 79 20 17 417 62
DCC 06 0.24 79 20 35 0.79 62
DCC 07 1.82 79 20 15 6.11 62
DCC 08 0.17 80 20 7.0 0.42 63
DCC 09 1.44 81 20 15 4.98 64
DCC 10 0.46 79 20 16 1.97 62
DCC 11 1.87 76 19 14 6.69 58
DCC 12 0.47 76 19 19 1.91 58
DCC 13 2.00 79 20 14 6.87 61
DCC 14 0.63 75 19 14 2.84 57
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DCC_15 1.45 75 19 14 5.56 56
DCC_16 0.22 7 19 6.0 0.58 59
DCC_17 1.73 78 19 12 6.69 60
DCC_18 1.50 79 20 12 5.90 61
DCC_19 2.60 71 18 11 10.41 52
DCC_20 2.17 79 20 16 6.81 62
DCC_21 2.05 79 20 2.0 5.81 62
DCC_22 0.11 79 20 12 0.73 62
DCC_23 4.28 77 19 0.8 16.99 59
DCC_24 0.56 78 20 2.2 1.99 61
DCC_25 2.58 76 19 11 9.73 58
DCC_26 0.70 81 20 12 3.14 64
DCC_27 1.33 81 20 21 3.94 64
DCC_28 2.95 69 17 11 11.77 50
DCC_29 0.07 82 20 3.0 0.31 66

4.3 Hydrodynamic M odd Parameters

Hydrodynamic parameters consist of the bottom friction, initial water level and discharge, and
parameters relating to the numerical scheme. Manning' s roughness coefficient is used to
represent the bed resistance.

Skunk Creek

Manning's coefficient is used to account for bed resistance in the hydrodynamic mode. The
congtant Manning's coefficient (0.05) is applied in dl pointsin the Skunk Creek.

Deer Creek

Snce thereis no Manning's coefficient measured in Deer Creek, Manning' s coefficient is set
from 0.03 at the mouth of the creek to 0.05 at the furthest point upstream. The reason to
increase Manning' s coefficient from the mouth to upstream is that more vegetation, beaver dams
and large cobbles are found upstream. Initid discharge is set at zero and water level is set at

bed devation plus minimum water depth. The default vaues are used for the parametersreating
to the numerica scheme.
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4.4 Boundary Conditions
Skunk Creek

Boundary conditions in the Skunk Creek model are given as discharge at the upstream limit of
each creek and the discharge/waterdepth (Q/H) relationship is given downstream of Skunk
Creek. Since the flows at the upstream of the creeks are generated by the Rainfall- Runoff
model, zero discharges are st for al upstream boundary condition. All laterd inflow boundary
condition are provided by the Rainfal-Runoff modd which are automaticdly input to the MIKE
11 modd.

Deer Creek

Boundary conditions should be given as the downstream and upstream limits of the creek and
the latera inlet points of its branches. The discharge boundary conditions are gpplied for al
upstream boundaries while the water level boundary conditions are used at the downsiream
boundary. The boundary condition of runoff is calculated by the RR mode. The downstream
water leve is obtained from the observations a the Gage. In this process, it is Smply assumed
that the water depth at the Gage is the same as at the downstream boundary. Thus, the water
leve at the downstream boundary can be caculated as the water depth plus the bottom
elevation.

4.5 Calibrations

4.5.1 Calibration/Verification Data

Precipitation, discharge, and stage (water level) data are needed for modd cdibration and
veification. The principa input to the modd is precipitation data. Precipitation is defined asthe
sum of rainfal plus snowmelt. Precipitation data was found to be available from two sations,
Holyoke and Croquet, located near the Skunk Creek and Deer Creek watersheds. Hourly
precipitation data was available from Holoyoke, while only daily totals were available from the
Cloquet gation. Data from the Holyoke gage was input to the modd for cdibrations.

Over the years, the U.S.G.S. has maintained numerous siream gagesin the Nemadji River
watershed. Stream gage data was available for Elim Creek, a portion of Skunk Creek, and a
portion of Deer Creek.
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Drainage Basin | Area (km?) | GageNo. | County Period of Record
Skunk Creek 2297 04024093 Carlton 1976 to 1978
Skunk Creek 23.1*

Elim Creek 2.79 04024090 Carlton 1976 to 1978

Deer Creek 17.33+* 04024098 Carlton 1976 to 1978

* Total Skunk Creek drainage area
** Effective drainage area

The hourly stage in the five sdected storm periods from 1977 and 1978 were collected at the
Deer Creek Gage near Holyoke, MN (U.S.G.S Gage Number: 04024098). The hourly
discharges for these five sorms are calculated from the discharge table provided by the
U.S.G.S.. Continuous daily discharges from 1976 to 1998 are available to find storm periods
during these years.

4.5.2 Skunk Creek Calibrations

The cdibration of the model included comparing modd results from actua storm eventsto gage
data on Elim and Skunk Creek.

Therainfal and gaged data were reviewed and screened to select three storm events for usein
the cdibration process. The focus of this modding effort was on large flow events that typicaly
produced sediment transport. For this reason, storm events from 1978 were selected for usein
the calibration. Both 1976 and part of 1977 were subject to drought conditions in the Nemadiji
River basn and did not produce events with sgnificant peek flows. The following three events
were sdlected for the cdibration:

Sormon April 1978

Theinitid AMC used in this storm isawet condition (AMC = I11). The comparison of modeled
discharge at the Skunk Creek Gage and the Elim Creek Gage with the U.S.G.S. hourly gage
discharge is shown in Figure 4.23. The computed discharge agrees well with the observed
discharge. The runoffs calculated in the catchments are shown in Figure 4.24, which was used in
the hydrodynamic moddl.

Hydrodynamic modeing of two other sorms, May, 1978 and August 1978 was a0
completed, but there is no hourly gage discharge available to compare to the modd results.
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4.5.3 Deer Creek Calibrations

The RR modd cdlibrations are carried out to verify the Curve Number caculated in the GIS
component and the estimated lag time. The CN vaue isamain parameter influencing the excess
ranfal which should be equd to totd runoff in asingle sorm event. The lag time is ancther key
parameter that digtributes the excess rainfdl in time and influences the duration of the runoff
period. Both parameters are adjusted according to calibration results. Table 4.2 ligsthe find
CN vaues and lag times used in the modd.

The purpose of hydrodynamic model cdlibration isto check whether the modd parameters such
as bottom friction are correct. This bottom friction controls the flow velocity and water levd.
Since there is no velocity data available, the calibration is performed by the comparison of
gaged water levels.

The five sorms were origindly sdected for the purpose of mode cdibration arelised in Table
4.3. These storms were chosen according to the correlation of the discharge and suspended
sediment concentration observed at the U.S.G.S. Gage at Deer Creek, as shownin Fig. 4.26.
The storm with the highest concentration observed in April, 1978 may not be representative
because the high concentration might be caused by other factors besides the hydrodynamics.
Unfortunately, the precipitation dataiis available only for Storms 2 and Storm 4. Thus, only the
cdibrations for these two storms were carried out.

Table 4.3 Storm Selectionsfor Deer Creek Model

Peak Peak Sediment
Start End Pesk Time Discharge Concentration

(m/s) (mgll)

Storm1 | 04-May-79 | 20-May-79 | 10-May-79 5.49 1840

Sorm2 | 20-Aug-78 | 26-Aug-78 23-Aug-78 4.02 1480

Storm 3 | 21-Sep-77 06-Oct-77 24-Sep-77 343 2370

Storm4 | 06-Jul-78 11-l-78 7-dUl-78 3.37 1680

Storm 5 | 10-Apr-79 | 04-May-79 | 17-May-70 34 943
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Sormin August 1978

Figure 4.27 shows the input rainfall and runoff computed by the RR mode! in the selected
catchments for the Storm 2. These caculated runoffs are input into the HD modd as laterd
inflows. The discharge computed by the HD model at the Gage is compared with the observed
discharge, as shown in Figure 4.28. The computed water level at the Gage is dso compared
with observations (see Figure 4.29). It can be seen that the peak vaues of the computed water
level and discharge are in agreement with the observations. The peak times, however, of both
water level and discharge are delayed by about four hours. Figures 4.30 and 4.31 show the
comparison of the observed water level and discharge with the computed ones that have been
moved about four hoursin advance. It is clear that the development and decay of astormis
smulated well by the modd.

Sormon July 1978

Another storm for which the precipitation data is available occurred on July 1978 and has been
gmulated by the sysem. Theinitid AMC isset aslll for al caichments referred to as higtoric
ranfal. Figure 4.32 shows the runoff calculated by the modd in the sdlected catchments. The
comparisons of the modeled water level and discharge with the observed levels at the gage are
shown in Figure 4.33 and 4.34. The ca culated results match well with the recorded data and
thereis no pesk time delay in this case.
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5. SEDIMENT LOADING MODEL

This chapter describesthe ArcView 3.x extension that processes MIKE 11 output files, and
caculates valey wadl erosion based on Creek valey segments as defined by the user. For each
valey segment, calculaions of eroson volume, vertical eroson, cumulative vertical erosion, and
cumulative spatia erosion volume are tabulated. For more detailed, step-by-step ingtructions on
using the ArcView-based sediment transport mode, refer to the accompanying document “User
Manua — Nemadji River Sediment Transport Modeling.”

5.1 Model Development

The smple sediment transport model has been devel oped based on the MIKE 11
hydrodynamic modd results and bathymetry of the Creek. The mode takes into account
downcutting and bank dumping in rivers. In order to estimate nor+ uniform sediment eroson
aong theriver, the entire river is divided into a number of calculaion river segments. Each
segment includes the river and its corresponding river valey, which can be delinested by
ArcView (see Fig. 5.1). The MIKE hydrodynamic mode provides the velocity and water depth
in the calculation segments. The shear stress can be calculated by the following equations:

e kU &

t=ru’=rg—r—m—=

N T
wheret is shear stress (N/nf); r iswater density (=1000kg/nT); k isvon Karman's coefficient
(= 0.4); U isvdocity (m/s); d iswater depth or hydraulic radius (m), and n is roughness. Based
on the physica experiments of glacid sediment (completed by Baird in severd other studies),
the erosion rate can be calculated by

E=af -t,)

where E is eroson rate (mnvhr), a isfactor relating to shear stress, and t  is critical shear
stress (N/n). Thus the erosion volume in a certain period can be calcuated by

V=b:E:A:Dt

where b isbluff dumping factor; which represents the possibility of bluff dumping during the
period of interest; A is area of the computationd river segment including river valey; and Dt is
time period.
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All cdculations are developed in an ArcView extengon file. All the functiondity of this extenson
is encagpsulated in one Extension File. To load the extenson, copy the extension file
(MIKE11POSTPRO.AVX) to the ArcView extensions folder N ARCVIEW\EXT32)). Start
ArcView and usng the command File > Extensions, add MIKE11 POSTPRO.

5.2INPUTS

This extenson combines information from three different sources: datafrom MIKE11, data
from ArcView shapefiles, and inputs from the user.

This extension provides post processing of Mikell Vdocity and Depth output files. The
dructure of the Mikell output filesis quite Smple: tab ddimited with columns representing
different points (cdls) dong the stream network, and rows representing different time periods.
These files must be manudly created by the user by smply copying the raw data from within
MIKE11 and pasting into an Excel spreadshest.

In Excdl, usethe SAVE _DATA_GIS macro as described in step 4.5n of chapter 4 of the
manud. This macro will convert the data into a GIS compatible format asfollows columns
represent spatia variations, rows represent tempora variation; the first column indicates the time
step; the second column indicates the dapsed time; and the first row identifies the river chainage
or valey segment identification. Thisfirst row should contain the ‘key’ identifier for each cell
that corresponds to vauesin an attribute field in a polygon theme.

Ingpect the output text files and ensure that they do not contain any trailing blank lines at the end
of thefile. These lines must be deleted in order for the ArcView extenson to function properly.

This extenson aso requires a polygon shapefile corresponding to the MIKELL caculation
points along the stream network. For each point, a polygon is ddlineated that extends to the top
of the stream valley walls. These polygons will form the basis for calculaing eroson volumes.
Each polygon should be uniqudly identified with an atribute field identifying a corresponding
MIKE11 cdculation point. This polygon shapefile should aso have its area geometry calculated
in square meters and ored in an dtribute fidld caled “AREA”.

The user will dso need to identify vaues for Roughness, Critica Shear Stress, and Factor
Relating Erosion to Shear Stress. Default values for each will be suggested.
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5.3 USING THE EXTENSION

Once loaded, the extension is launched from a button on the View button bar. For the button to
be available, the view must contain a polygon coverage representing stream valey polygons
corresponding to the MIKEL1 cdculation points.

This extensgon aso caculates the spatid (downstream) cumuletive erosion volume (the tota
volume of sediment that will pass by any point along the stream). For this function to work, the
gream valley polygon theme must contain an attribute field that identifies the polygon’s
corresponding ' DRAINS TO ' polygon. One specid polygon is the river mouth polygon which
identifies ITSELF asthe'drainsto’ polygon. All other polygons will drain to another polygon as
identified in the ‘DRAINS TO' fidd.

In the view window, with the valey polygon theme selected, click on the PostPro button on the
button bar on the top of the ArcView screen. ArcView will display an information box, and
then prompt the user to enter values for three variables: Roughness, Critical Shear Stress,
Factor Relation Erosion to Shear Stress, and Bluff Slumping Factor. Default values are
presented for each: 0.0025, 4, 0.1, and 0.002, respectively.

Roughness describes how the unevenness of the bed dows the flow of water above the bed.

Critical Shear Stressisthe shear sressa which eroson of sediment isjudt initiated. It has
been determined through an in-house Baird database from experimenta tests and calibration.

Factor Relating Erosion to Shear Stress describes how the rate of erosion changes with
shear sress. This parameter has aso been determined through an in-house Baird database
from experimenta tests and cdibration.

Bluff Sumping Factor relates the erosion forces of the stream to the area of the valey
polygons defined by the user. This parameter representsthe ratio of stream erosion areato the
total area of the valley polygon and has been calibrated for the Deer Creek subwatershed.
Effectively this factor accounts for the fact that the contribution to sediment load from bluff
dumping is an internittent process that depends on factors other than erosion of the creek or
river bed.

Next, the user is presented with aligt of dl the attribute fidds for the valey polygon theme, and
asked to sdect the ‘KEY” fidd. The KEY fidd uniquely identifies each polygon and
corresponds to the MIKE11 ca culation pointsidentified in the MIKE11 output files for depth
and velocity.
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Next, the user is prompted to select the MIKEL1 depth table file and the velocity tablefile.
These files should be tab ddimited.

The user is then prompted to select a base name for the output tables that will be generated.
Thesefivetablesare Shear Stress; Eroson Volume Cumulative Erosion Volume, Vertica
Eroson; and Cumulative Vertica Eroson.

Lagtly, spatid (downstream) cumulative erosion for each cdll (polygon) iscdculated. To
provide this functiondity, the user is prompted to identify two attribute fields within the valey
polygon theme: the cumulative verticd eroson field, and the“Drains To” fidd.

5.4 Calibrations

The cdlibrations of sediment load caculations were carried out by adjusting the mode
parameters and comparing the caculated erosion volume with daily sediment concentration
observed at the Deer Creek Gage. The critical shear stress and factor relating erosion to shear
dress were primarily determined from an in-house database of experimenta test results on
cohesive sediment erodibility. The bluff dumping factor was adjusted to relate measured to
predicted sediment load. Figure 5.2 and Figure 5.3 show the time series sediment
concentrations computed by the model as well as the observation in the sorms of July, 1978
and Augugt, 1978. The cdculated sediment concentration agrees quite well with the
observation. The parameters used in the calculations are listed in Table 5.1.

Parameters Vaues
Rougness 0.0025
Critical Shear Stress 1
Factor Relating Erosion To Shear Stress 0.1
Bluff Sumping Factor 0.003

Figure 54 illugtrates the (downsiream) cumulative spatid erosion volume over time shown as
extruded areas, based on valley polygon boundaries.
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6. APPLICATIONS

Three different scenarios have been examined by the cdibrated system. The results of these
different dternetives are compared with the vaues computed in the existing scenario (obtained
in the modd calibrations). The mode of Deer Creek in the storm of July, 1978 is selected for
these examinations because a good cdibration was obtained in this case. Details for each
scenario are provided here.

6.1 Effect of Harvesting Forest Land

Harvedting forestry lands will decrease rainfal abstractions and increase soil loss. An
assessment of harvesting 500 acres of the exigting forested land is carried out to account for the
effect that harvesting has on changing the hydrodynamics and sediment trangport. In this
assessment, the forest land around the branch of Deer Creek is changed to the harvested land
(see Figure 6.1). The new CN vaues are obtained using the GIS component of the NSTM
system. These changed CN vaues are inputted into the RR model and Hydrodynamic model to
obtain the discharge. The hydrodynamic results are used for the sediment transport caculation.
To account for the impact of this change on hydrodynamics and sediment transport in theriver,
the modd results computed for this change are compared with ones computed in the existing
condition, as shown in Figures 6.2 and 6.3. The total runoff, peak runoff and sediment load for
the sorm arelisted in Table 6.1. It is seen that this land use change has no sgnificant impact on
the hydrodynamics and sediment trangport in the Creek. The peak discharge at the gageis
increased by about 1.6% and the peak sediment concentration is increased about 12.3%. The
increase of tota discharge and total sediment load for the entire event are dmost the same
(about 1%, see Table 6.1).

Table6.1 Impactsof Harvesting Forest Land on Hydrodynamics and Sediment L oad

Pek Discharge| Total Water  |Peak Concentration| Tota Sediment
(nls) Volume (nT) (mg) Load (Ton)
Exiging 10.364 431802 1869 403
Harvested 10.528 438580 2099 407
Increase 1.6% 1.6% 12.3% 1%
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6.2 Effect of Having 65% Open Land

Open lands are defined as meadow, pasture or 0-15 year old timber growth. An open land
coverage of 65% was identified asa critical value in apaper by E.S. Verry (1983). The open
lands in the Deer Creek basin currently cover about 36% of the total watershed. To investigate
the effect of dtering thisvaueto acritical leve on the hydrodynamics and sediment transport,
the forest lands around the upstream of the Deer Creek are changed into “open lands’ resulting
in the 65% open land for the sub-basin (see Figure 6.4).

As mentioned in the previous examination, the Curve Numbers are updated to reflect this
change and input into the MIKE 11 modd and the sediment trangport modd cal culates total
sediment load. Figure 6.5 and 6.6 shows the comparison of the modeled discharge and
sediment loads in this examination with the existing conditions. The scenarios of 65% open land
areawill increase the peak discharge by 6% and the total runoff by 9%. However the peak
sediment concentration isincreased only by about 2.3% while total sediment load increases
6.5% (see Table 6.2).

Table 6.2 Impacts of 65% Open Land on Hydrodynamics and Sediment L oad

Peak Discharge| Totd Water Peak . Tota Sediment Load
(P9 |Volume ()| Coneenraion (tons)
(mgf)
Exiding 10.364 431802 1869 403
65% Open Land 11.019 472381 1913 431
Percentage 6.3% 9.4% 2.3% 6.5%

6.3 Effect of Increased Precipitation

To investigate the effect of increasing the precipitation on the hydrodynamics and sediment
transport in the river, the recorded precipitation in the storm of July, 1978 was amplified by
50% and 100% and then run through the model, respectively. The 100% amplified hourly
precipitation is alittle larger than the higtoric maximum precipitation (23mnvhr). Figure 6.7 and
6.8 shows the comparison of the computed water level and discharge at the gage for this
scenario with the existing conditions. The increase of computed discharge varying with the
precipitation increase is shown in Figure 6.9. For a given percentage increase in precipitation,
the discharge will increase by twice that amount The computed sediment concentrations for
these two precipitation increases is compared with the existing conditions (see Fig. 6.10).
Increasing precipitation will erode more sediment from the river basin. However, it was
interesting to find that the sediment load computed in the scenarios of 100% precipitation
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increase is|lower than that computed in the scenarios of 50% precipitation increase. This may
result from the flooding that occursin such alarge rainfal event that effectively reduces the
averaged velocity in a cross-section.

Table 6.3 Impacts of increased precipitation on Hydr odynamics and Sediment L oad

Peak Discharge| Total Water Peak . Tota Sediment Load
(Fl9) | Volume ()| Coneentration (tons)
(mgfl)
Exiding 10.364 431802 1869 403
50% increase 19.525 826578 2489 574
Percentage 88% 91% 33% 42%
100% increase 29.247 1265641 2164 541
Percentage 182% 193% 16% 34%
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7. NECESSITY OF APPLYING THE SYSTEM TO THE ENTIRE BASIN

The NSTM system has been applied and cdibrated in the Skunk Creek and Deer Creek sub-
watersheds. The system is ready to be gpplied to other tributaries within the Nemadii River
Watershed. The sediment from these two watershedsis dso asmall part of the total sediment
deposited at the mouth and delivered to Lake Superior. To accurately assess sediment loading
to the Nemadji River Basin, hydrologic and hydrodynamic modes for the entire watershed
should be developed. The reasonsfor this are:

Anindividud modd of asub-watershed cannot account for total sediment transport deposit
in the mouth and delivered to Lake Superior. Astested in this report, an isolated forest
harvest of asmall areain a sub basin may not have a significant effect on the sediment
trangport in the River. However, it islikely that on the Nemadji River watershed scae,
cumulaively these forestry practices might have sgnificant impacts on the sediment
transport.

Asfound in this study, it is difficult to control the downstream boundary of each individud
modd in asub-watershed. Generdly, the water level used as the modd boundary condition
at the downdtream limit should be provided by amodd of the entire basin. It isrdatively
easy and accurate to set the downstream boundary condition of the entire basin modd as
the water level of Lake Superior because detailed water levels of the lake are available as
measured data and relatively steady.

An entire basin modd could provide the sediment deposition in the mouth of Nemadji River
in addition to sediment ddlivered to the Lake. These modd results would be useful for land
use planning to manage the sediment load in the Nemadji River Basin.

Though a detailed modd in eech sub-basin is required in order to accurately assess the impact
of the land use change on the sediment transport in the River, it is not necessary to develop the
detailed moddsfor dl sub-basinin theinitid stage. It is suggested that the whole project be
divided into three levels based on the level of detail required:

Levd | A sediment trangport model system is developed for the entire Nemadii basin. In
thismodd, only the main riversin the basin areincluded and dl creeks, which are
directly tributaries of the River, are regarded as laterd inflows. This modd is called
a‘'River-Leve Modd’. The sub-watershed of each creek isregarded asa
hydrologic unit in which a hydrologic modd is developed to provide the runoff of
this sub-watershed. The sediment yielded from a sub-watershed is temporarily
edimated using the rlationship of sediment load and discharge and input into the
modd. This modd may not be used to describe detailed land use practicein each
watershed but could determine which sub-watersheds have the most impact on
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sediment transport in the River. Thiswould focus the direction of the next study
leve.

Levd Il Inthisleve, anindividud modd is developed for each sub-watershed in which the
land use change has been determined to have significant impacts on the sediment
trangport. In the modd, main creeksin the sub-basin are included and smdler
catchmentsin the sub-basin are regarded as hydrologic units. Thismodel could be
caled ‘Creek-Level Modd'’ . The downstream portion of the modd islinked to the
River-Level Model developed in Levd |. Detailed land use practice assessments
could be performed with the modd. The discharge and sediment load for the sub-
basin is automaticaly outputted to the River-Level Modd to assess the effects of
the land use practice on the sediment loads in the River. The NSTM system
applied to the Skunk Creek and Deer Creek in thisreport is agood example of a
Creek-Leve Modd. The Creek-Level Modd dso identifies whether or not a
more detail modd should be developed for the streamsin the next leve. It may not
be necessary to develop the Creek-Leve Moddsfor dl sub-watersheds,
depending on budget congraints and the level of detail required for a given sub-
watershed.

Levd Il Similarto Leve 11, anindividua mode may be developed for a catchment in which
more detail land use planisrequired. Thismodd is directly linked to the Creek-
Level Modd. Therefore, al changesin this caichment automatically affect the
sediment load in the River.

The modd development procedures depend on the required level of detail necessary to perform
meaningful land use planning and on budget condraints. Roughly estimating the impacts of land
use change on sediment transport could be donein the River-Level Model. Detail forestry
practice and land use planning require the use of adetalled Leve 111 modd.
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8. CONCLUSIONS AND RECOMMENDATIONS

8.1 Conclusions
Thefollowing summarizes the efforts of this study:

The developed NSTM system integrates ArcView GIS, MIKE 11 hydrological model
and hydrodynamic model and a customized sediment trangport modd. The system has
been cdlibrated and tested in the Skunk Creek and Deer Creek subwatershed. It is
ready to be applied to other subbasins.

The system can assess the impacts of different land use scenarios on hydrology,
hydrodynamics and sediment load in watersheds. It can be used to model land use
change as aresult of forest harvesting and other land use plan changes, flooding
prediction for a storm event, and provide atool to assess schemes to reduce the
sediment load to the lake.

An assessment of harvesting forestry lands has been carried out using the system.
Harvesting forested land will increase runoff and sediment trangport dightly but the
sediment concentration at peak time increases more than the increase of total sediment
load for the entire event.

Increasing open land area more than 65% has a significant effect on the hydrodynamics
and total sediment loads in the sub-basin. The total sediment load in a storm increases
more than the peak concentration increase.

For a given percentage increase in precipitation the discharge increases by twice this
factor and the sediment load increases by hdf this factor.

8.2 Recommendations

Curve Number valuation is an important aspect of the NSTM system. The Curve Number
vaues used in this system are cdculated from the land use information, vegetation coverage and
s0il type and adjusted according to the mode calibrations in these two sub-watersheds.
Although Curve Number vauation was well verified in the syssem development, it could be
refined and adjusted in the future. More detailed land use data, hourly precipitation data, and
hourly gage data are required to update the Curve Numbers.

The sediment trangport model has been devel oped on the basis of previous surveys and studies.
Key parameters, such asthe critical shear stress for erosion, and the factors relating shear stress
to eroson might be updated if more suspended sediment data are available and more surveys
are carried out.
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In the system, the components work independently. The internal links between componentsis
manud, requiring the user to cut and paste information from one software gpplication into
another. A good understanding and working knowledge of both ArcView and MIKE 11 is
required for end usersto operate this systlem. These manua links in the current system might
reduce the operationd efficiency and could cause errors in data transfer from one component to
another. Basin wide application would benefit from improvements to data interchange between
modules.

A low-detall Level | modd of the entire Nemadji River Basin should be developed. The modd
would only incdlude the main riversin the Basin and treat dl creek sub-basins as catchments for
hydrologic modeling. This entire modd can provide the generd information of hydrodynamics
and sediment load in the Nemadii River. The modd would be abasic mode of the Nemadii
River modd system because the model aso provides boundary conditions for higher-detail-leve
models.

Multi-level mode procedures are suggested in the modd development. The higher-detall level
modd may be developed for a creek sub-basin according to the needs of forestry practicesin
that area, complexity of vegetation coverage, contribution to the whole basin, and budget
condraints. The higher-detail-level model can be automaticaly linked to the entire model such
that any change in the creek model could reflect the entire model automaticaly. This model
procedure is easily controlled and flexible.

The higher-detail level model or Creek-Level model could be developed basin by basin. Since
Creek-Leve moddsin sub-basins are independent, the models can be developed at the same
time.
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