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ABSTRACT

The South Nation watershed consists of an area of roughly 3900 km’ in Eastern Ontario
which drains inte the South Nation River. The South Nation River in turn drains into the Ottawa
River at the watershed outlet. The watershed is vast and encompasses a wide variety of land uses,
particularly with respect to agriculture and forestry. Previous studies indicate that the
contribution of non-point sources (NPS) to nutrient loadings is both significant and poorly
defined in the region. A recent multi-million dollar study of the water resources within Eastern
Ontario illustrates the need for better models and decision support tools for watersheds of this

nature.

The work presented here included the use of the contimuous-simulation Annualized
Agricultural Non Point Source (AnnAGNPS) 5.0 dynamic pollutant loading model, which was
developed by the U.S Department of Agriculture (USDA).

In-stream water chemistry was also an important element of a meaningful analysis. The
dynamic water-quality model CE-QUAL-RIV1 was selected due to its riverine nature, which is

closely linked with the AnnAGNPS concept of a channel network.

Utilities were developed to enhance the input and output capabilities of both codes. The
linked models were then calibrated to the available data, and a case matrix focused on predicting
feasibility of best management practices (BMPs) within the context of climate change was
constructed and simulated. The calibration process was done manually at first, based on the
results of a sensitivity analysis conducted on the AnnAGPNS package as part of the work.
Subsequently, the use of an automatic genetic-algorithm based approach (also developed as part
of this work) was explored, which yielded an improvement in the calibrated model and was

therefore used as a base case of the model.

The case matrix examined 4 individual BMPs, along with 4 combined BMP scenarios. The
intensity of BMP usage in the watershed was considered, resulting in several runs for each of
these 8 major management scenarios. The resulting case matrix consisted of 18 runs for a given
climate scenario, and 6 individual climate scenarios were examined, resulting in a total of 108

runs.

The results of the work were then further analyzed through use of several ecological

indices to determine the intensity (severity), duration and frequency (IDF) of violations to



species survivability which occurred within the stream network. In addition to these biologically

based criteria, provincial standards were considered.

The results of the work suggest that BMPs alone are insufficient to reduce nutrient levels
in the South Nation watershed to acceptable biological or legislative levels. The model results
suggest that several BMPs, notably fertilizer management and filter strips, are quite effective at
reducing nutrients entering the river system; however, the reductions do not suffice to bring the
South Nation River in line with desired values as defined by the biological and provincial

criteria,
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CHAPTER 1
INTRODUCTIC

1.1 PROBLEM DEFINITION
The South Nation watershed located in eastern Ontario is a vast agricultural watershed

where surface river water quality is below environmental norms.

Runoff from agricultural land is major source of Non-Point Source (NPS) pollution,
particularly in watersheds as extensively agricultural as the South Nation. Agricultural runoff
carries sediment, nutrients, pesticides and organic carbon to the water channels, which
accumulates in the river system and impairs water quality throughout the watershed. Nutrient
loadings in particular are of concern, as the non-point source component of these pollutants is by

far the largest contributor.

The Community-University Research Alliance (CURA) research group of the University
of Ottawa was interested in developing a modeling toolset for the effect of varying management
practices in the South Nation watershed, particularly with respect to agricultural runoff and
NPSs. The group was investigating the effect on environmental system of climate change in

Eastern Ontario and was interested in potential mitigation measures.

The problem posed by the CURA group can be paraphrased as follows: “What are the
potential benefits of implementing agricultural best management practices (BMPs) throughout
the South Nation watershed, and will they continue to be effective under changing climate

conditions?”

This thesis attempts to address these issues, by assessing the relative effectiveness of a
variety of management scenarios in the South Nation watershed for reduction of mutrient

loadings and improvement of water quality.

1.2 THESIS ORGANIZATION ‘
This thesis is organized into a presentation of the key tasks required for the study. The

major steps can be outlined as follows:

1) Review literature on topics relevant to the study



A literature review was conducted on topics ranging from information specific to the

South Nation watershed to computer model selection and BMPs.

2) Develop an understanding and appreciation of the Annualized Agricultural Non-Point

Source (AnnAGNPS) model characteristics

The next task was to develop a familiarity with the AnnAGNPS modeling system, as

well as a series of utilities and additions to aid in the execution of the modeling phase.
3} Develop a computer-based model to represent the South Nation watershed

A model, based on data from all pertinent data sources, was consiructed to represent
the physical characteristics of the watershed as well as the way in which resources are

managed.
4) Conduct the simulations for a variety of scenarios

The model developed in step 3 was then adjusted to reflect potential modifications to
the current management and or physical parameters of the watershed. The results were

collected and summarized.
5) Review and analyze the results from the simulations

The results from step 4 were then subjected to a multi-faceted analysis to judge the

significance of the simulation outcomes.
6) Recommend further action

Recommendations were then constructed based on the results and analyses from prior
steps. The recommendations focused on consequences of the work, as well as areas

where potential improvements may be made.

1.3 GOALS
The primary goal of this work is to provide a quantitative analysis of potential benefits of

BMPs in the South Nation watershed, under varied climate scenarios.

This study provides a stepping stone towards a better understanding of management
options and integrated planning strategies for pollutant loading of large agricultural watersheds

in general, and the South Nation river system in particular.
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2.1 SOUTH NATION WATERSHED

The South Nation watershed cousists of an area of roughly 3900 km® in Eastern Ontario
which drains into the South Nation River. The South Nation River in turn drains into the Ottawa
River at the watershed outlet. The watershed has a population of roughly 125,000, is vast and

encompasses a wide variety of land uses, particularly with respect to agriculture and forestry.
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Figure 1.1: Map of the South Nation Watershed



Background research on the South Nation watershed and surrounding region was
conducted on many levels, ranging from relatively technical matters such as soil surveys and
stream station history, to broader socio-economic considerations as discussed in public

consultation and action plans for the region.

Previous studies indicate that the contribution of NPS to nutrient loadings is both
significant and poorly defined in the region (Gore and Storrie, 1993; Wilson, 2000). A recent
multi-million dollar study of the water resources within Eastern Ontario illustrates the need for
better models and decision support tools for watersheds of this nature (CHZM Hill, 2001). The
work being conducted by the CURA workgroup at the University of Ottawa further supported the

previous assertions.
2.2 PRIOR WATERSHED-LEVEL STUDIES

A review of previous watershed-levels studies, both within and outside the South Nation
watershed, was also compiled, with a focus on BMPs and NPS management. This work was
deemed necessary to provide an informed assessment of modeling and management decisions, as
well as uncovering strengths and limitations of prior work. The selection of the AnnAGNPS

model and CE-QUAL-RIV1 was closely linked to this portion of the work.

2.3 MODEL REQUIREMENTS AND SELECTION

2.3.1 WATERSHED-LEVEL MODEL REVIEW
Modeling the NPS pollutant loading in a watershed is not a simple matter, and requires a
model of sufficient complexity to simulate an extensive variety of both local and wide-ranging

processes (EPA, 2000).

Several computer codes possess the abilities sought for this work, although their relative
strengths in specific components vary substantially (EPA, 1997; MPCA, 2000). SWAT, HSPF,
ANSWERS and AnnAGNPS were all considered for the work at hand, but ultimately the
AmmAGNPS model was selected for this study. The advantages and limitations of various models

are discussed below,

2.3.1.1 HSPF
The Hydrologic Simulation Program-Fortran (HSPF) is a package developed by the U.S.
Environmental Protection Agency (EPA) that simulates the hydrologic and pollutant loading

processes on pervious and impervious land surfaces. It has many of the same capabilities as



AnnAGNPS, and is often used for similar land use-type analyses (Bicknell et al., 1997). The
model has been incorporated into the EPA BASINS project (EPA, 2001).

HSPF has its origins as a water quality model. It is primarily designed tc compute
transport and fate of contaminants in concentrated flows in water bodies. Due to its inclusion in
the BASINS project, it has a wide following; however, it is reported that HSPF may be less ideal
for computing overland pollutant transport from non-point and upland areas than NPS-specific
models. This is due to the ‘lumped’ nature of the model, which is considered less appropriate for
overland flow than a ‘distributed parameter’ approach (Dilhala, 2001; SAP, 1998). Furthermore,
the HSPF model is somewhat less capable than AnnAGNPS in simulating important agricultural
components, such as crop management and growth, and does not include the agricultural
practices database of the AGNPS packages (SAP, 1998). Finally, the BASINS project relies
heavily on specialized data sets not readily available for regions outside the United States. HSPF

was not selected for this study due to these reasons.

2.3.1.2 ANSWERS
ANSWERS (Areal Nonpoint Source Watershed Environment Response Simulation) is a

continuous-simulation model that was developed in the late 1970s as a planning model to
evaluate the effects of BMPs on surface runoff and sediment loss from agricultural watersheds

(Dillaha et al., 2001).

The ANSWERS model is designed to simulate processes for watersheds between about 5
and 30 km’, and relies on a cell size of 0.01 km’ for computational accuracy (Dillaha et al,,
2001). The model is therefore not suitable for the present study, as the South Nation watershed

has an area of approximately 3900 km”.

2.3.1.3 SWAT

SWAT is the Soil and Water Assessment Tool, also developed by the USDA-ARS. It has
many of the same capabilities as the AnnAGNPS model, and shares the model’s history with the
the Chemicals, Runoff and Erosion from Agricultural Management Systems (CREAMS) code
which dates back to the late 1970s (Neitsch et al., 2002). The model is meant to be calibrated
with stream gauge, sediment and nutrient samples for numerous sites throughout the watershed

of interest,

The SWAT model was an attractive option; however, several factors shified the selection

towards the AnnAGNPS model. Firstly, the erosion processes and sediment fypes are not
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handled as well in SWAT as they are in AnnAGNPS, nor is the model designed to handle
branched systems (EPA, 1998). Secondly, the SWAT model is a not well suited logistically to &
substantial case matrix, as individual runs require approximately 30 input files. Finally, the

SWAT data requirements are far in excess of those available for a typical Canadian watershed.

2.3.1.4 AnnAGNPS
The Annualized Agricultural Non-Point Source pollutant loading model was developed by

the U.S. Department of Agriculture, and is the successor to AGNPS 5.0 (USDA, 2001). The

AGNPS model family is continuously undergoing revisions, with each module bringing new
capabilities to the package (Bosh et al., 1998). The AnnAGNPS incarnation has several
important additions, notably the ability to run continuous-simulation scenarios over extended
periods of time. The model also includes a substantial database with values of parameters for

agricultural applications and management scenarios.

AmnAGNPS is a comprehensive package with many desirable capabilities and assets,
particularly when analyzing primarily agricultural watersheds, as is the case in this study. The
watershed is divided into homogeneous drainage areas which are in turn connected by a dendritic
reach system. Water and pollutant loadings from individual fields are simulated as runoff events
from rainfall, snowmelt, and irrigation data. Soil loss is calculated based on the Revised
Universal Soil Loss Equation (RUSLE). The model was selected as the pollutant loading model.
The AnnAGNPS model unfortunately does not mode! groundwater flows, although a linkage to
the Modular three-dimensional finite-difference ground-water Flow (MODFLOW) model is
currently underway. Use of the code therefore required the addition of a ‘baseflow’ component
in the model so as to approximate historical stream flows for input into the water chemistry

model. The approach is described in more detail in Section 4.1.8 and Appendix C.

2.3.2. WATER CHEMISTRY MODEL REVIEW

The ability to model the surface water chemistry in a dynamic fashion was also a
necessary feature of the work. Three freely available models were considered for the work:
WASP, CE-QUAL-ICM, and CE-QUAL-RIV1. WASP and CE-QUAL-ICM are both dynamic
water quality models with extensive simulation capabilities, but are not well suited to a high
resolution study of a stream system as large as the South Nation. The riverine nature of CE-

QUAL-RIV1 ultimately led to its selection for the in-stream water quality modeling.
quality g



2.3.2.1 WASP |

The Water Quality Analysis Simulation Program (WASP) is a package developed by the
U.S. EPA that can dynamically model contaminant fate and transport in surface waters. WASP is
based on compartment modeling, and can be applied in one, two, or three dimensions. The size
of the compartments is dependent on the spatial and temporal scale of the problem being
analyzed. The eutrophication sub-model of the WASP package, EUTRO, can be operated at
several levels of complexity and can simulate about 16 key water quality variables. The package
includes a hydrodynamic code, DYNHYD, which can be used to drive the water quality

simulation.

WASP6 was originally chosen as the water quality model to be used in the analysis.
However, the input interface in the version tested was prone to software crashes and lost data, as
well as being inconsistent. Additionally, the compartment modeling approach does not mesh
particularly well with the stream network delineation as generated by AnnAGNPS. In light of
these problems the WASP package was abandoned in favor of the CE-QUAL-RIV1 code.

2.3.2.2 CE-QUAL-ICM

CE-QUAL-ICM is a finite volume eutrophication model that can be used to simulate

water quality processes in 1, 2 or 3 dimensions. The model, developed by the U.S. Army Corps
of Engineers (USACE), is quite versatile and can be applied to a wide variety of surface water

systems (Hall and Dortch, 1994).

The model tracks 22 state variables, including various forms of algae, nutrients, and
sediment. However, the model does not compute hydrodynamics and is dependent on an external
computer code to generate flows, volumes, and diffusion coefficients. Typically CH3D-WES is
used {Cerco et al., 1994), which is not readily available to users outside the USACE.

Although the capabilities of the CE-QUAL-ICM model are impressive, they were deemed
to exceed the requirements of the present study. Furthermore, given the absence of a readily
available hydrodynamics model easily coupled with the CE-QUAL-ICM model, an additional

coupling process would have been required.

2.3.2.3 CE-QUAL-RIV]
CE-QUAL-RIV1 is a computer mode!l developed by the USACE that dynamically

simulates flow and water quality in rivers. It is ideally suited to branched systems in which



variation along the axis of flow is important, but variation with depth and across the channel can

be neglected, and it is suitable for highly unsteady flows (USAEWES, 1995).

The CE-QUAL-RIVI river concept is an excellent match with the dendritic representation
of the channel network in the AnnAGNPS model. The program simulates up to 12 constituents,
and although the extent of variables simulated is not as extensive as the previously mentioned
codes, model development is much simpler and the code can simulate all of the attributes
required. The model was ultimately selected for its ease of use and compatibility with the

AnnAGNPS watershed concept.

The model allows for variations in twelve state variables: temperature, carbonaceous
biochemical oxygen demand (CBOD), organic nitrogen, ammonia nitrogen, nitrate + nitrite
nitrogen, dissolved oxygen, organic phosphorus, dissolved phosphates, algae, dissolved iron,
dissolved manganese, and coliform bacteria. Rate constants for the key processes considered in
the model are presented in Table C.4 of Appendix C. A timestep of 10 seconds was used to

calculate species in the river system.

2.4 AGRICULTURAL PRACTICES
A literature review on guidelines for agriculture and foresiry management practices was
also conducted, and included the consultation of various state, provincial and national-level

manuals and recommendations.

The first part of the review focused on developing an understanding of agricultural
systems and practices, as well as collecting information on BMPs and their applications to date.
The second part of the examination focused extensively on the state of the knowledge
surrounding the specific management practices considered in the current study, and on some of
the performance, economic and management issues which are discussed in subsequent sections

of this paper.

Management practices designed to minimize soil and nutrient loss from agricultural fields
have been studied for quite some time. While originally these practices were considered
primarily to prevent loss of agricultural productivity due to reduced soil and nutrient levels, the
focus in recent years has been to reduce agricultural runoff and NPS pollutant loading of water
bodies. There is a large group of BMPs available, but they are not applicable to all systems. The
most commonly 1n use for crops are conservation tillage, contouring, terracing, vegetative strips

along waterways, fertilizer management, impoundments and sedimentation basins. Reducing
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livestock access to streams and feedlot runoff management are also imporiant management

practices.

Agriculture BMPs are often divided into two categories: ‘reactive’ and ‘proactive’
measures. Reactive measures are those that attempt to prevent transport of the nutrients and soil
particles to the water body, while proactive methods attempt to reduce the amount of available
nutrients. Filter strips, conservation tillage and stream access controls are therefore reactive
measures while nutrient management plans are considered to be a proactive approach. Reactive
measures have historically been much more widely used, but are generally considered less sound
than proactive approaches which limit nutrient buildup on the field and in the system. A brief
listing of the relative effectiveness of common agricultural BMPs for typical applications is

presented in Table E-1 of Appendix E.

2.5 ECOLOGICAL INDICES AND SPECIES SURVIVABILITY
A review of approaches for defining ecological and species-based water quality criteria
was also conducted, with the aim of providing a more meaningful analysis of stream conditions

than could be attained using existing surface water quality criteria.

Studies addressing the survivability and habitat suitability of fish species native to the
South Nation watershed were gathered as well as recommendations on deriving biologically
driven site-specific criteria (McMahon et al., 1984; Edwards et al., 1982; Trial et al., 1983; and

others).



VIES y CONFIG {NAGNPS MODEL

3.1 ANNAGNPS MODEL REVIEW

During the model-specific literature review phase, certain deficiencies in the AnnAGNPS
literature were evident. While some technical documentation is distributed with the model, it s
by no means all-encompassing, and no substantial sensitivity analysis or calibration protocol was
found in the existing literature, despite previous requests for such work (Bosh et al., 1998). The
nature of the AnmAGNPS code is inherently complex (Binger and Theurer, 2001), and intelligent

use and interpretation of the model requires these types of tools.

3.2 ANNAGNPS STRUCTURE

3.2.1 MODEL STRUCTURE
The input-output structure of the AnnAGNPS system is shown in Figure 3.1. The package

consists of several helper and preprocessing programs.

AnnAGEPS
Inpast Fike

Hames %
{optional} %

Source
Sccourniing

Feach
Evard

Partisl - . ‘
BrnbGREE /
Irvpant /

Figure 3.1: Input-Output Structure of the Ann AGNPS Computer Code (adapted from Binger
and Theurer, 2001}
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The core of the package is the AnnAGNPS program, which is the pollutant loading model. The
model requires climate data, physical watershed parameters, as well as land use, soil and

management data.

The climate data can either be simulated using the GEM wutility, or can be generated manually
using historical data. The climate file consists of a series of temperatures, precipitation and
similar data listed for each day to be simulated. The climate data varies on a daily basis

throughout the simulation period.

The physical watershed parameters delineate the watershed and define cell boundaries, the reach
network, slope direction and other information regarding the physical characteristics of the
watershed area required by the pollutant loading model. The TOPAGNPS/AGFLOW (also
referred to as TOPAZ) preprocessor tools typically generate this information from topographic

data files. These parameters are held constant throughout the simulation period.

Land use, soil and management data are typically specified manually for each cell in the
AnnAGNPS input editor, or can be edited manually in the raw AnnAGNPS input file. The
information includes crop characteristics, soil types, management practices, and so is specific to
each location; however, the AnnAGNPS package includes some data which aid in setting initial

values,

3.2.2 RESULTS

The output files generated by the pollutant loading model include the loading of water,
sediment, nutrients (nitrogen, organic carbon and phosphorus), on a daily event basis at specified
locations throughout the watershed. Event days are those days in which runoff from
precipitation, snowmelt, irrigation or any combination of the three occurs in the watershed.

Monthly and yearly summaries of component loadings may also be generated.

3.3 ANNAGNPS: THEORY

3.3.1 ANNAGNPS WATERSHED CONCEPT
AnnAGNPS represents a watershed as amorphous areas, referred to as “cells” which are
homogeneous in soil type, land use and land management. In addition to these 3 basic properties,

feedlots, point sources and gullies can also be allocated to each cell.

AnnAGNPS computes the runoff, sediment, and chemicals leaving the cells and routes

them through a network of “reaches” which collectively represent the river system in the



watershed. A representation of the basic concepts is illustrated in Figure 3.2. Figure 3.3 shows a
typical application of the AnnAGNPS model, where dozens of cells and reaches come together to

represent the land area and river system of a real-world watershed.

i,
/‘5 ’“%'
b

cell A

it
|
i

G

watershed
outlet

Figure 3.2: AnmnAGNPS watershed concept (adapted from Binger and Theurer, 2001)

Figure 3.3: A typical AnnAGNPS watershed delineation {adapted from Bosch et al., 1698)
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3.3.2 MAJOR PROCESSES

Surface runoff
The Soil Conservation Service {SCS) curve number technique is used within AnnAGNPS
to determine the surface runoff from a cell. The model first calculates parameters that will

remain constant over the simulation period, such as soil porosity and hydraulic properties.

The average curve number, (CN___ ) can change both gradually over the course of a

avg,cell

simulation (during a crop growth phase for instance), but also suddenly (after a crop harvest or

similar operations). SCS curve numbers for each field are also calculated for wet (CN,,_,,) and

wet,cell
dry (CN,,,,) conditions as a function of the current curve number for average conditions. The
actual curve number (CN_) for each area then is allowed to vary throughout the simulation

depending on soil water content.

Surface runoff for each cell is calculated at each time step through use of the retention

variable, S:
S =254-(-1—99-—1] (3-1
CN
where S= SCS retention variable (mm)
CN= SCS curve number (-)

Once S has been determined, the surface runoff is then computed by:

Wi—0.2-5)
Q0= .g_.____.)_. (3-2)
Wi+0.8-5)
where Q= runoff (mn)
Wi = Water input to soil (mm)

Equation 3-2 applies so long as W1 is larger than 0.28; otherwise, Q is simply set to a .

value of .

Channel Hvdrology

The in-cell time of concentration, along with the travel time for each reach, are used to
calculate the channel hydrology. The time of concentration for each cell is calculated in

AnnAGNPS according to Equation 3-3:

+7

scf Jcell

T,{:e!! =T,

c ov,celf

+ ch',cell (3'3)
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where T = In-cell time of concentration
T,n=  Travel ime of overland flow
T,m=  Travel ime of shallow concenirated flow
T Travel time of concentrated flow

cfoell =
AnnAGNPS assumes a triangular shaped hydrograph over the course of each day. The
peak discharge for each cell is calculated with the TR-55 approach. First, the initial abstraction is

calculated according to Equation 3-4,

Ia=(1324+2'Q24)"\/(?’Q24'Pé4+4'Q242) (3-4)
where I = Initial abstraction {mm)

P,, =24-hour precipitation (mm)
= 24-hour runoff (mm)

Once I, has been determined, the I/P,, ratio is computed and peak discharge for runoff

event is calculated according to:

a

2
0, =2.7778-10% B, D, .| —2r eIt ) (3-5)
4 (b-T)+(@d-TH+(f-T)
where Q = Peak discharge (m’/s)
P,, =24-hour precipitation (mm)

D

a

Il

Total drainage area (ha)
T = Time of concentration of drainage area (h)
a, b, ¢, d, ¢ and f are the unit peak discharge regression coefficients for a given
1/P,, and rainfall distribution.
The duration of a surface runoff event, or the time to base, is calculated according to Equation 3-

6,

D
t,=20-(R,-—) (3-6)
b ) 0,
where Q, =Peak discharge (m’/s)

D= Total drainage area (ha)

R_=  Surface runoff depth from upstream drainage area {mm)

t = Time to base (s}



Sediment

i6

AnnAGNPS uses the RUSLE (Renard et al., 1997) to predict soil erosion from storm

events throughout the watershed. The RUSLE code is incorporated from version 1.5 of the

RUSLE program, and has been implemented in a somewhat modified manner to improve its

integration in the AnnAGNPS model (Binger et al., 2001).

Erosion within a cell is calculated using the energy-intensity (EI) concept, calculated

according to:

where El=

A . e(z.] 19.!0g(R).e(0.0096-10g(24 )))

El = (3-7)

o' Blog(24))

Energy Intensity (-)
Precipitation or Snowmelt (in)
EI coefficient (-)

EI exponent (-)

The values of A and B in Equation 3-7 are looked up from a table based on the rainfall

distribution simulated.

The total potential erosion is then calculated for each cell as

where TP =

Erosion

El=

SDR =

7P =FI-LS-K-C-P-SDR (3-8)

Erosion

Total Potential Erosion (g)
Energy Intensity coefficient (-)
RUSLE LS coefficient (-)
RUSLE K coefficient {-)
RUSLE C coefficient (-)
RUSLE P coefficient {-)

Sediment delivery ratio (-)

The LS, K, C and P factors are calculated using a variety of methods, depending on the

land use and management type scenario, as outlined in Binger et al. (2001). The sediment

delivery ratio for the cell is then calculated and the sediment load exiting the cell computed.
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Chemical Routing

AnnAGNPS considers the transport of three nutrients (nitrogen, phosphorus and organic
carbon) in two forms: dissolved, and attached. Partitioning between chemical forms is calculated

according to

M
Mg =—% (3-9)
1+K,
where M= Total mass of chemical in solution (Mg)
M= Total mass of chemical both attached and in solution (Mg))
K,= partition coefficient of chemical (Mg)

34 RUN ANALYSIS AND CONFIGURATION TOOLS

As the study progressed and familiarity with the AnnAGNPS model grew, it became clear
that the AnnAGNPS package as supplied was insufficiently automated for the type of analysis
desired for this study. A sequence of helper tools and protocols were assembled to aid in the
logistics of managing hundreds of runs. These tools ranged from simple batch files and Excel

macros to involved Visual Basic programs and run management systems.

One of the more important tools developed was an automated cell-property allocation tool,
that uses management and soil type information from a variety of sources and formats. Without
this tool it would have been impractical to run a scenario with thousands of cells to be defined
using the existing AnnAGNPS utilities. The tool was written in Visual Basic and interfaces
directly to native AnnAGNPS file types. At its simplest, the developed program reads spatial soil
type and land use data from geospatial data in bitmap or similar format, and decides which are
most characteristic of a given watershed subdivision, based on relative area. In the event of a tie
between two or more land or soil types, several options are available. The first is for the program
to allow for composite land use and soil types for situations where a cell is not clearly of one

tand use type or another.

The second option is for the program to record all ties, along with the total soil and land
use fractions throughout the watershed and then decide which of the tied parameters should win
so as to most closely match the watershed makeup. However, given cell size of sufficient
resolution, these conflicts can be largely averted, as was the case in this study. The latter
approach was therefore used, and land use for each cell was defined as being the land use type

which occupied the largest fraction of the cell according to the geospatial data. The validity of
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this assumption was tested by setting a condition in the land use allocation parser to flag
situations that may be problematic. A small number of cells (around 50, or roughly 2% of the
cells) presented a situation where the dominant land type comprised slightly less than 50% of the
total cell area. These cells were nonetheless considered to be of the dominant soil or land use
type. The inclusion of database values specific to a given watershed is a capability of some value

which has further been built into the design.

Also important for purposes of understanding and verifying results quickly and
consistently was the creation of standard post-processing and summary data tools. This step was
done using a combination of Visual Basic and Excel systems to parse, verify and display the
results from each scenario or group of scenarios. The results were first compiled and summarized
into daily, monthly and yearly loadings for each run, and then further grouped by both climate
and management scenarios. The resulting sheets allowed for side-by-side comparisons of the

results, ranging from very similar runs to largely unrelated scenarios.

A second, higher level of management utilities was also generated to aid in the
configuration and control of the overall study. Standard practices were laid out and followed for
each major step, and quality control phases followed the completion of each step. The quality

assurance and control process is described in greater detail in Appendix A.

Additional significant tools were devised during the process of this study. Sections 3.5 and
4.2 detail two additional systems created to aid in the model setup and calibration stages,

respectively.

3.5 ANNAGNPS SENSITIVITY ANALYSIS

An extensive sensitivity analysis was conducted as part of the model preparation phase of
the study. This work was deemed necessary in order to fill gaps in the model documentation on
the code behavior under varying conditions. An artificially simplified scenario was first
examined to determine the effect and relative importance of a wide range of input parameters. A
much more complex “real-world” scenario with multiple land use and soil types was then
constructed, and again subjected to a sensitivity analysis, building on the previous work. The
combined body of work produced a more detailed understanding of the AnnAGNPS model
behavior, and revealed trends, anomalies, and threshold effects amongst others. Another
important result of this work was the development of a protocol for model calibration and

calibration heuristics useful to anyone employing the AnnAGNPS model.



3.5.1 SIMPLE SCENARIU

The base case was constructed to provide a scenaric based on reasonable values from
which a sensitivity analysis could be based. Although inspired from an example scenario
included with the AnnAGNPS package, the scenario was somewhat modified to facilitate
analysis of the effect of individual changes on the system behavior. A schematic illustrating the

synthetic cell-reach system is shown in Figure 3.4.

Outist

Reach 2 Reach 1

Reach 3

Figure 3.4: Schematic of simple scenario setup

The insertion point of the cell runoffs into distinct reaches allows for separate analysis of
individual effects, as well as a net analysis at the outlet. In the base case, Cell | covers an ares of

0.1335 kd® of pasture, while Cell 2 covers an area of 0.1072 km? of cropland.

The base case climate scenario was generated using the GEM program as recommended by
the user manual (USDA, 20012}, at & latitude of 45.0 and a longitude of —75.0, corresponding to
Eastern Ontaric. Additionally, climate scenarios considered for this study (see Section 4.1.1}

were all simulated across the simple analysis case matrix.

A case matrix was constructed based on more than 16 categories of parameters and over a
hundred individual parameters. Each parameter was adjusted to low values (typically 25% of the

base case value) as well as high values (typically 175% of base), within the range of acceptable
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values for the model input. A list of the main parameter categories is presented in Table 3.1. The

case matrix examined under the model sensitivity analysis is presented in Appendix D.
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Table 3.1: Parameter Categories in Simple Sensitivity Analysis

Parameters Category Runs Number Representative parameter types tested
of Runs
BASE CASE Run01 4 Not applicable
Weather Scenarics Run002-Run(08 7 Daily Precipitation, Temperature
Celi Data Run008-Run38 30 Cell Area, Elevation, Time of conceniration
Reach Data Run038-Run055 17 Reach jength, slope, Manning’s n
Field Data Run056-Run0862 7 Percent Rock Cover, Interill Erosion code
Reach Nutrient Half-Life
Data Run063-Run068 6 Nitrogen half-life, Phosphorus half-life
Soil Data Run089-Runt17 49 Clay Ratio, pH, Base saturation Field capacity
Runoff Curve Number Run118-Runi22 5 Runoff Curve Number
Land use Reference Data Run123-Run130 8 Annual Root Mass, Surface Residue Cover
Operations Data Run131-Run132 2 Operations Date
Operations Reference initial Random Roughness, Final Random
Run133-Run144 12
Data Roughness, Tillage Depth
Crop Data Run145-Run171 27 Units Harvested, N Uptake, P Uptake
Simulation Period Data Run172-Run193 22 Rainfall Dist. Code, 10 yr El
Fertilizer Application Data | Run194-Runt87 4 Fertilizer Rate, Fertilizer Mixing Code
Fertilizer Reference Data Run188-Run203 <] inorganic N, Inorganic P, Organic Matter
Feediot Data Run204-Run242 39 Open Area, Feedlot Max N, Feediot Max P
Feediot Management
Data Run243-Run244 2 Pack Remove Ratio
3.5.2 COMPLEX SCENARIO

The complex scenario sensitivity analysis was conducted on an early version of the South
Nation watershed model. The model tested had not yet been highly calibrated and was for the
most part based on default values of the model, and management was greatly simplified (one
operation per cell) however the physical delineation and characteristics of the simulated
watershed were identical to those used in the later versions. Key parameters from the simple

analysis were again simulated on the more complex model and examined for sensitivity, as well
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as for additional emergent behaviors at the new scale. The conclusions from this stage

supplemented the prior work.

3.5.3 RESULTS
The sensitivity analysis conducted on both the simple and complex scenarios yielded

several results which were valuable during the model setup and configuration phase.

The first result was a substantiation of the actual behavior of the AnnAGNPS model, as
opposed to the theoretical behavior. The AnnAGNPS model exhibited several unintuitive
behaviors at both the ‘simple” and ‘complex’ scales under these analyses, and this information is
always valuable to modelers, particularly when documentation fails and the source of the model
being used is not readily available. Tables D.14 and D.15 in Section D.2 of Appendix D list
‘primary”’ and ‘secondary’ sensitive parameters. The ‘primary’ values are those that were very
sensitive (a change of 50% in the inputs resulted in a change of approximately the same
magnitude in the results) in both the simple and complex scenarios, while the ‘secondary’
parameters were somewhat less sensitive (a change of 50% in the inputs resulted in a change of
approximately half of that magnitude in the results), and more significant in the ‘simple’ (single-

land use) scenario.
Some of the key points from the work were:

-The model allows for four hydrologic soil groups, and all categories of results are quite

sensitive to the curve number, so the runoff curve numbers must be set appropriately.

-Field data parameters are sensitive, and affect primarily the attached forms of nitrogen

and organic carbon, in a roughly equivalent manner.

-Some of the soil parameters (e.g., runoff curve number, soil group) are sensitive, and

affect broad categories of constituent loadings.

-Some of the crop parameters {e.g., senescence, crop residue) are sensitive, and generally

affect nutrient loadings only, particularly of the attached forms.

-Some of the operation parameters {(e.g., residue, dates) are sensitive, and affect mostly

attached forms of nutrients.

-Setting the appropriate SCS storm type is the most important consideration under the

Simulation Data category.
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-Fertilizer parameter settings are important, and primarily affect loadings of the soluble

form of nitrogen.

-Soluble organic carbon loading rates are primarily related to feedlot cells and the

parameters pertaining to those cells.
-Attached organic carbon is linked to the organic matter ratio in the soil.

-Attached forms of organic carbon and nitrogen behave very similarly in several

categories of parameters and are generally the nutrients most sensitive to changes.

-Attached and soluble forms of phosphorus often mimic the sensitivity of the attached and

soluble forms of nitrogen, but they are generally an order of magnitude less sensitive.

The second result generated from this work was a system of calibration heuristics based on
the observed sensitivities and correlations between variables, shown in Section D.3 of Appendix
D. This result is of substantial use to those attempting to calibrate a model to physical data
manually, and was also important in the development of the calibration tool presented in Section
4.2. To calibrate the water loadings requires adjustments of the hydrologic soil groups, runoff
curve numbers and similar parameters. Since the phosphorus loadings are generally much less
sensitive than the organic carbon or nitrogen loadings, it may be advantageous to first calibrate
the P results alone. If the loadings of the soluble form of organic carbon are not adequate, this
would indicate that a change in feedlot parameters or cell parameters for feedlot cells is required.
Additionally, the threshold behavior of some data, for instance canopy cover, nutrient

production, and degree of consolidation can at times simplify the task of parameter adjustment.
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CHAPT

DEL DEVELOPMENT

4.1 DATA SOURCES AND MODEL CONFIGURATION
The South Nation watershed consists of an area of roughly 3900 km’ in Eastern Ontario
which drains into the South Nation River. The South Nation River in turn drains into the Ottawa

River at the watershed outlet.

In 2001, the Eastern Ontario Water Resources Management Study (EOWRMS) was
completed. The report covered a large portion of Eastern Ontario, and the study area included the
South Nation watershed. One of the main objectives of the study was to develop a database on
parameters of interest to water resource planners (CH2M Hill, 2001). The study was therefore an

important source of information for the present paper, and was used as extensively as possible.

Additional sources of information were gathered from previous studies (e.g., Matthews et
al., 1954; Wicklund et al., 1962; Wilson 2000) of the watershed area and from the literature. A

detailed listing of metadata and sources is in Appendix B.

4.1.1 CLIMATE SCENARIOS
It is desirable, when conducting a watershed study of this nature, to examine the behavior
of the system when subjected to various weather patterns. Climate data were assembled and

selected, with aid from the University of Ottawa CURA Climate Change workgroup.

The AnnAGNPS package includes a synthetic weather generator, GEM that generates data
based on historical values for nearby weather stations (USDA, 2001a). A synthetic ‘typical’ year
generated by GEM for the site coordinates was included in the analysis for further comparison.
The data used were all available in daily time steps, as required by the AnnAGNPS code. Table
4.1 contains a monthly summary of the scenarios considered, while Figures 4.2 and 4.3 show
summaries of the precipitation and temperature conditions over the course of a year for each

scenario.



Table 4.1: Weather Scenarios Considered

;{z Z?f?:; Description Data Type
1 Average {Synthelic) GEM
2 Average Historical {1808)
3 Warm Wet Yeaar Historical {1968)
4 Warm Dry Year Hisiorical {1673}
5 Cold Wet Year Historical'
6 Cold Dry Year Historical’

1

These scenarios are based on an amalgamation of historical data.

Precipitation (mm)

Total Monthly Precipitation for Examined Climate Scenarios
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Figure 4.1: Total Monthly Precipitation for Climate Scenarios
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Figure 4.2: Average Monthly Temperature for Climate Scenarios
4.1.2 TOPOGRAPHY DATA

The topography data used as input for the watershed delineation and physical parameter
derivation were taken from the 25 m Digital Elevation Model {DEM) used for the EGCWRMS
study. The DEM file was resampled to a resolution of 50 m to limit the TOPAZ processing

requirements to reasonable levels and still provide sufficient accuracy for the task.

The critical source area (CSA) and minimum source channel length (MSCL) are key
parameters in the watershed delineation. The CSA is the minimum drainage area to be defined as
a cell, below which a source channel is defined. The MSCL is the minimum acceptable length for
a source channel to be recognized by the program. A source channel is a reach with a Strahler

stream order of 1 (Garbrecht et al., 2000).

Several ranges for each value were tested, as presented in Table 4.2. Ultimately a CSA of
1 kro® and an MSCL of 1000 m were selected as they generated the highest resolution useable by

subsequent processing stages.
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Table 4.2: Bffect of CSA and MSCL Selection on Watershed Delincation’

Humber of Celis in

CSA Watershed {-} Max Cell Area (km°) Total Drainage Ares (km®)
MSCL {m) MSCL (m) MECL {m)
{km™) 250 | 500 | 1000 | 250 500 | 1000 250 500 1000

2.5 2062 | 1906 1482 | 17.88 | 17.68 | 21.04 | 3810.52 | 3210.52 | 3810.582
5 1001 049 8B4G | 27.88 ] 27.58 | 27.59 | 3810.54 | 3810.54 | 3810.54
7.5 710 684 819 | 35.37 | 35.37 | 38.54 | 3810.57 | 3910.57 | 381057
10 508 501 4868 | B3.59 | 53.59 | 5541 | 3910.57 | 3610.57 | 3910.57
! The vatues presented were calculated on a 100 m resolution topography dataset in order to limit processing time
’ TOPAGNPS could not compute results for these cases due to extremely high resolution

, |

1 ! 3030 10.98 3910.49
!
b

The resulting watershed delineation consisted of 3077 cells, with an average area of 1.24
km?, as well as 1238 reaches, reaching a Strahler stream order of 6. Figures 4.3 and 4.4 show the
watershed subdivision. A detailed listing of the cell and reach system as generated is available in

Appendix C.

Figure 4.3; Computed cell system for the Figure 4.4: Computed reach system for the
South Nation watershed South Nation watershed
4.1.3 LAND USE DATA

The land use daia were gathered from sources contained within the EOWRMS report
(CH2M Hili, 2001; see Appendix B for a detailed breakdown of spatial data sources). A
“forestry’ and an ‘agricultural crop’ layer were overlaid to generate an overall model of land use

in the watershed. A substantial advantage of using the EOWRMS report was the self-consistency
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of the information, o no conflicts appeared between the forestry and agricultural land use data.
The forestry and agricultural crop types were defined as land management categories for use in
AnnAGNPS, and processed using the utility described in Section 3.4. The results of the
allocation routine can be seen in Figures 4.5 and 4.6. The spatial correlation appears 1o be

generally high, which is highly desirable in a study of this nature.

Figure 4.5: EOWRMS land use data Figure 4.6: Model land use allocation

4.1.4 SOIL DATA

The soil data were allocated in a manner very similar to the land use data, using the same
tool adapted for the present purpose. The EOWRMS data however did not subdivide the soil
information beyond allocating each grid element with one of 11 textures {although ArnAGNPES
could allow in theory for individual soil types for each cell, or more than 3000 soils), which is a
gross simplification of the actual soil configuration in the South Nation watershed and omits
information on matters such as typical soil horizons and properties, which can be used by
AnnAGNPS. This information is typically comtained in regional soil surveys, although the

agreement between adjacent regions in soil types and datasets is often strikingly poor.

The approach taken was therefore to delineate the study area in agreement with the broad

soil texture types identified in the EOWRMS report as seen in Figures 4.7 and 4.8, and then

supplement the information from the soil surveys on typical soil properties for the predominant
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texture types. The surveys covered the counties of Stormont (Matthews and Richards, 1954),
Dundas (Matthews and Richards, 1952}, Glengarry (Matthews et al., 1957} and Prescott and
Russell {Wicklund and Richards, 1962). The reporis used are somewhat dated, but were guile
comprehensive and listed more than 32 soil series for the South Nation watershed. The quality
and data from each report varied; however, the reports generally listed 4 or more soil horizons,
along with information on the soil composition (percentages of sand, silt and clay), pH and
organic matter. The 8 predominant soil series were mapped to the more recent EOWRMS data.
The series identified in the reports and those selected for the model are summarized in Table D1

of Appendix D.

.

Figure 4.7: EOWRMS soil data Figure 4.8: Model soil data allocation

4.1.5 MANAGEMENT DATA

Management data in general for the South Nation watershed were difficult to obtain. The
USDA recognizes that the data AnnAGNPS would like to use are ofien not available at all, and
rarely available with spatial correlation for most watersheds. Therefore, the package includes
reference values which, in conjunction with other sources, were very useful in estimating

plausible values for missing information.

Crop management data were compiled from a wide variety of sources, and a range of
Y g

plausible values were established for each crop type and management scenario (see Section 6 in




Appendix B). These include such factors as fertilizer application amounts and schedules, and
crop yields per acre. Sources included other watershed studies (Suttles et al., 2001), Ontario
Ministry of Agriculture and Food (OMAF) data, behavioral studies for farmers (Shepard, 2002),
and many state and federal surveys and fact sheets (e.g., NRCS 2000, Rauniyar and Parker,

1998).

Fertilizer and Irrigation data were similarly collected from many sources, and the fertilizer
industry documentation here was a particularly good source of information on fertilizer

composition (see Appendix B, Sections 6 and 7).

4.1.6 LIVESTOCK DATA

Livestock data were available to some degree in the EOWRMS report; however, the data
yielded by OMAF-Rural Affairs and Statistics Canada surveys were also very important sources
for this information. The data were generally grouped by census area so point-specific values
may be somewhat inaccurate for certain cells; however, the overall trend appears to be consistent
across data sources. Section 7 of Appendix B lists the census area data which were distributed in

the construction of the model.

4.1.7 POINT SOURCES

A list of major point sources was assembled from the recent EOWRMS report and
checked against previous studies (Gore and Storrie, 1991; Wilson, 2000). AnnAGNPS does
allow for the inclusion of point sources in the input file, but after a few trial runs it became clear
that manually including these along with the baseflow into water quality model step would be
just as simple and considerably more reliable. The approach used was therefore to model the
non-point water and nutrient flows independently and to subsequently add the point source
components along each reach prior to linking the results to the CE-QUAL-RIVI. The unified
components are presented to the water guality model, and the calculation is conducted

accordingly.

4.1.8 HISTORICAL STREAM DATA

Historical stream data were present for certain of reaches of the South Nation watershed in
the EOWRMS datasets; however, the data were highly variable in quantity and quality. The
locations of stations considered during the run calibration and baseflow separation are presented

in Figure 4.9.
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Figure 4.9: Stream data stations on the South Nation River

Raseflow was calculated using available stream flow data and a standard manual
hydrograph separation technique (WSDOE, 1999). The trial-and-error method was repeated until
a reasonable correlation between baseflow and stream flow was found for the majority of the
study area for both of the ‘average’ climate scenarios examined. Automated baseflow separation
meihods do exist but there is debate as to whether they provide a substantial improvement in
model accuracy over manual methods (NDEQ, 2002). The hydrograph separation approach used

is described in more detail in Appendix C.



4.2 CALIBRATION
After having assembled the best available data from the sources stated in the preceding
sections, the model was calibrated using a limited genetic algorithm to search for solutions with

desirable traits.

The lower-confidence data were examined, and subjected to an evolutionary search for an
optimal calibration. Crop management and soil data were allowed to vary within ranges deemed
acceptable from the management literature. Fertlizer application rates (FARs) for grains for
instance, are highly variable and were permitted to vary by as much as 25% from the ‘best
available data’ as presented in Appendix B. Operations data were generally allowed to vary by a
few days up to a month from the defaults listed in Appendix B, but were not allowed to change
order. Soil data were allowed to vary so as to provide a ‘search space’ comprising all of the soil
types presented in Table B1 of Appendix B. Selection was made based on a fitness criterion, in
this case the proximity of predicted nutrient loadings and flow rates at the watershed outlet to
historical averages. More advanced spatially and temporally variable criteria was considered;
however, it was judged that the data available for calibration did not warrant the increased

processing overhead of the more complex fitness evaluation stage.

The individuals (calibration solutions) with a high degree of correlation to observed data
score high on the fitness scale and are thus allowed to survive and procreate, while individuals
with lower scores are extinguished. The major evolutionary processes simulated in the search

algorithm are illustrated in Figure 4.10.
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Figure 4.10: Evolutionary processes of a Genetic Algorithm

The evolutionary simulation is repeated for many generations and many individuals, in the
hopes of fostering diversity and creativity in solving the problem. Although an optimum solution

is perhaps unlikely, a variety of very good solutions can typically be found (Goldberg, 1989).

The search was computer intensive and required hundreds of runs; however, the final
solution attained by the algorithm was far superior to the original ‘standby’ manual calibration.
The final solution was then completely revisited for plausibility and physical meaning. Any
extreme values were removed and replaced with more plausible ones, typically in the case of soil

composition data.

4.3 MANAGEMENT PRACTICES SELECTION AND SIMULATION.

4.3.7 FERTILIZER APPLICATION RATES

The effect of high FARs as a major determinant of agricultural NPS loading has long been
known and documented in many studies (INRCS, 2000). Data show that even in watersheds with
extensive promotion of nutrient management programs, farmers typically over apply fertilizer by

substantial amounts {Shepard, 2002).



It seems likely, therefore, that the current FARs in the South Nation watershed are high.
The analysis simulated reductions in fertilizer application of 10 to 50% of base as a potential

management practice.

4.3.2 VEGETATIVE FILTER STRIPS

Vegetative filter strips (VFS) are areas placed next to cropland that are designed to
remove sediment from runoff. VFS are planted along streams, ponds, and lakes, and can
substantially decrease the amount of sediment reaching the waterways. A simplifying
assumption for the model was that the VFS would be applied uniformly throughout the

watershed. Therefore, the VFS were applied to loadings in all channels shown in Figure 4.4.

VFS implementation throughout the watershed was simulated by reducing the sediment
loading reaching the river system. The reduction is dependent on the width of the VFS; therefore,
several implementations of these systems were simulated. Table 4.3 shows the widths and
simulated sediment reduction considered, based on literature values (Smith et al., 1992; Dilllaha

et al., 1989). The overall area affected by the BMP is presented in Section 6.3.2 of this thesis.

Table 4.3: Vegetative Filter Strip sediment reduction rates

VFS Width Sediment Factor used to
(m)} removal rates (%) | reduce sediment
3 72-88 0.28
6 83-91 0.17
9 96-97 0.04
12 97-98 0.03
4.3.3 STREAM ACCESS

Stream access is controlled through use of topography, natural barriers, and fencing. A
reduction in stream access was simulated through reducing the load of livestock waste going
directly into the stream. A budget per animal per day of waste was derived for the initial model
setup, and modified based on the stream access reductions scenarios. Waste not going directly
into the stream is still considered; however, it is given typical treatment for the animal type and
the loads were correspondingly reduced. The values for raw and treated animal waste are

presented in Tables B3 and B11 of Appendix B.
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4.3.4 REDUCED TILLAGE '
A variety of tillage reduction methods are in operation throughout North America.
Reduced tillage, conservation and no tillage techniques exist in a fairly wide variety of

configurations depending on crop type, area to be managed, and so on.

To avoid considering one method exclusively, it was decided that the simulation should
focus on the actual reduction in tillage extent throughout the watershed. Accordingly, reduced

tillage values were specified in the management options for cells with agricultural land uses.

4.4 WATER QUALITY MODEL DATA

The water quality model was constructed based on the existing data from the EOWRMS
study and the data generated during each simulated scenario. The data were combined in a
network comprising the major reaches of the South Nation river system, and input into the water

quality model.

The additional preparation and processing time for the water quality model was
substantial, and hence these additional analysis runs were restricted to the compound scenarios

and base cases for each climate condition.

The CE-QUAL-RIV1 network was constructed to mirror the AnnAGNPS outputs and
loadings for each reach at each timestep were inputted from the AnnAGNPS simulation results
and outputted into the CE-QUAL-RIV1 setup files. Once constructed, the CE-QUAL-RIV1 in-
stream simulation files were run, and the water quality components for each reach generated for

each timestep. Governing equations for the water quality model are presented in Appendix F.

Water quality criteria were taken from the Canadian Council of Ministers of the
Environment guidelines and used to quantify the resuits (AES, 1999). The criteria used are

summarized in Table 4.4,

Table 4.4: Water quality criteria used during simulation

CCME-based criteria

Criteria DO NH3 NO2 TH TP
Type
Minlmum 5.5 mg/L - - - -

Madmum - 1.09mg/h | 0.06mg/l | 1.0mglLasN | 005mgllasP
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Additionally, the total nutrient concentration exiting the watershed over the course of the
year was compared with levels known to cause eutrophication problems in lake systems
(Vollenweider, 1970). Average nitrogen and phosphorus concentrations exceeding 0.20 and
0.014 mg/L, respectively, over the course of a year were considered to be in violation of the

eutrophication criteria.

4.5 BIOLOGICAL STRESS INDICES

Using the Habitat Suitability Indices reports (McMahon et al., 1984; Edwards et al., 1982;
Trial et al., 1983; and others), nutrient-based criteria for species in the South Nation watershed
were compiled (Table 4.5). The table focuses on the nutrieni-related water quality standards (as
opposed to features such as cover, stream width, etc.) as these are the variables that are the most

directly related to agricultural management practices.

Table 4.5: Habitat suitability states for fish species in the South Nation watershed

Large Stress (HSi<0.5) Stressed (HSI<1)
Min.
DO Max. Turbidity Max NH, Min. DO | Max Turbidity Max NH,
Species Name {mg/L) {NTU} {mg/L) {mg/L} {NTU) {mg/L}
Black Crappie 4.8 100 0.11 5 50 0.07
Blacknose Dace 3 50 0.1 5 40 0.07
Blue Gill 3 150 0.11 5 50 0.07
Carp 4 150 0.11 6 75 0.07
Channel Catfish 4 200 0.11 7 100 0.07
Shiner 3 60 0.1 5 40 0.07
Creek Chub 3 80 0.11 5 40 0.07
Fallfish 3 60 0.11 5 40 0.07
Muskellunge 3 80 0.11 5 40 0.07
Northern Pike 3 80 0.11 5 40 0.07
Smalimouth
Bass 5 60 0.11 <] 25 0.07
Walleye 4 80 0.11 5 25 0.07
White Sucker 3 150 0.11 3] 50 0.07
Yellow Perch 3.2 60 0.11 5 40 0.07

The criteria presented in Table 4.5 were then summarized into broader stress criteria
(Table 4.6) for parameters simulated in South Nation River system. “Poor” conditions in each
row are allocated a stress factor of 4, while “Stressed” conditions are allocated a stress factor of
2. Non-stressed conditions are scored as nil. The scoring system is somewhat arbitrary, but does

provide some measure of overall stress conditions in the river system over the course of a year.

Table 4.6: Criteria for generating “Stress Condition” scores

Siwress State | SBitress Score Dissolved Oxygen Ammonia Turbidity
Concentration Range | Concentration Range Range




Poor < 3 mgfl > 011 mg/L >118 NTU
Stressed 3-5 mg/L 0.07-0.11 mg/L 75-110
NTU
Mot z 5 mg/l £ 0.07 mg/it S 75 NTU
Siressed
The stress score for each reach can then be calculated as
S un =4+ Numg,,,., + 2 Numg,, ... +0 Numy, .. 4-1
where S_, = Stress Score for the reach (-)
Numg,, = Number of criteria in “Severe” condition {-)
Num,,__,= Number of criteria in “Stressed” condition (-)
Num .. ™ Number of criteria in “No stress” condition (-)

The amalgam stress score for the entire South Nation watershed is then summed over all

reaches, and the score recorded for each day of the year. Although an intensity-duration-

frequency curve could in theory be derived, and such a derivation was indeed attempted, the

number of events in a one-year time frame is not sufficient to permit a meaningful correlation.
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CHAPTERS
SIMULATION

5.1 CASE MATRIX

The 18 management practices shown in Table 5.1 were simulated for each weather

scenario.

Table 5.1: Management scenarios matrix

Scenarioc BMP implemented
1 BASE CASE
2 FAR =50%
3 FAR =60%
4 FAR =70%
5 FAR = 80%
6 FAR = 90%
7 VFS=3m
8 VFS=6m
9 VES=9m
10 VFS=12m
11 No Stream Access
12 1/3 Stream Access
13 1/2 Stream Access
14 2/3 Stream Access
15 3/4 Stream Access
16 75% Reduced Tillage
17 50% Reduced Tillage
18 ] 25% Reduced Tillage

Additionally, grouped management scenarios were also simulated across the climate

scenarios, as shown in Table 5.2.

Table 5.2: Grouped management scenario matrix

Scenario BMP Implemented
19 Best of ali BMPs
20 Moderate BMPs
21 Best of FAR and VFS
22 Moderate FAR and VFS

‘Best’ implementation of BMPs are the cases where they are applied to the greatest extent
simulated, corresponding, to FAR at 50% of base, VFS width of 12 m, no stream access allowed,
and tillage is reduced by 75%. ‘Moderate’ BMP implementations are cases at neither extreme of
the simulated application extents. This corresponds to FAR at 70% of base, VES width of 6 m,

stream access reduced by half, and 50% reduced tillage.



5.2 PROCESSING REQUIREMENTS

The simulation was conducted on an IBM PC with an Intel Pentium 4 processor operating
at 2.0 GHz machine with 512 MB of RAM. The simulation time varied for each scenario, but
typically required approximately 15 minutes for each AnnAGNPS simulation, plus an additional
30 minutes for the automated analysis tools. Total processing time was therefore about 99 hours
of dedicated computer time for the entire case matrix. Simulation results required roughly 10 GB

of storage excluding external analysis tools.

5.3 RESULTS
This section contains a summary of the 132 cases examined. The data have been greatly

summarized for the convenience of the reader.

5.3.1 BASE CASE RESULTS FOR ALL CLIMATE SCENARIOS

Table 5.3 and 5.4 are summaries of the simulation results for the base management case
(no BMPs implemented) for each of the weather scenarios examined. Table 5.3 presents monthly
and annual flow averages at the watershed outlet for each scenario, while Table 5.4 presents the

analogous nutrient loadings at the outlet.

As expected, the wet scenario years generate a larger amount of runoff than the average years,
while the dry years generate lower flows. An additional observation is that the cold years, with
approximately the same precipitation conditions as warm years, generate higher runoff,
particularly in the case of wet years, due primarily to the higher spring melt volumes in April.
For instance, the cold-wet conditions of Scenario 5 generates 25% runoff in April than the warm
wet conditions of Scenario 3, but the difference is reduced to a mere 5% when compared on an
annual basis. The nutrient loadings, of course, are clearly linked with the runoff volumes;
however, the scheduling and temperature of the events do have a noticeable impact on the results
and the delivery schedule of the nuirients to the channel system. As an example, consider again
Scenarios 5 {cold-wet) and 3 (warm-wet). Although the nutrient concentration loading is slightly
lower in Scenario 5, with for instance annual TN loadings at 97% of those in Scenario 3 on a

mg/l basis, the increased runoff volume must also be considered. Thus, the actual

TN load reaching the outlet on a yearly mass basis is approximately 5% higher than that of

Scenario 3.



40

Table 5.3: Comparison of climate scenario effect on flow at outlet for base case

Synthetic Historical Warm Wet Warm Dry Cold Wat Cold Dry
Average Average Case Case Case Case
Case Case
Month | Flow {m’s) | Flow (m's) | Flow (m's) | Flow (m’ls) Flow {m°/s) Fiow {m'/s)
Jan 27.2 27.3 271 273 27.1 27.3
Feb 30.8 251 24.7 27.1 24.7 244
War 77.2 85.8 80.4 70.7 66.3 745
Apr 187.5 135.5 142.1 133.8 179.0 145.6
May 47.0 38.7 444 40.1 445 40.1
Jun 204 38.1 45.0 18.3 47.0 18.3
Jul 18.2 20.6 14.1 11.6 14.8 118
Aug 11.0 19.3 38.6 13.8 37.5 14.3
Sep 11.5 16.9 11.1 13.1 11.1 13.4
Oct 23.7 278 249 235 25.2 235
Nov 47.8 47.5 47.7 47.5 47.7 475
Dec 45.9 37.7 40.9 42.5 44.7 38.8
Annual 44.1 43.5 44.9 38.1 47.5 40.0
Table 5.4: Comparison of climate scenario effect on nutrients at outlet for base case
Synthetic Historical Warm Wet Case Warm Dry Case Cold Wet Case Cold Dry Case
Average Case Average Case
Nutrient in mg/l Nutrient in mg/L Nutrient in mg/L Nutrient in mg/L Nutrient in mg/L Nutrient in mg/L
Month | TN |TOC | TP | TN |TOC | TP | TN [ TOC TP | TN |TOC | TP | TN | TOC | TP | TN | TOC | TP
Jan 1.22 1 047 {008 121} 047 | 008 {122} 047 { 0.08 | 1.21 | 047 | 0.08 1.22 | 047 | 0.08 | 1.21 | 0.47 | 0.08
Feb 1.03 | 194 1 0.07 | 126 | 058 | 0.08 | 1.28 | 0.60 | 0.08 | 1.17 | 145 H 0.08 | 1.28 | 060 | 0.08 | 1.30 | 0.60 | 0.08
Mar 382 087 1356104 118 | 027 J080} 081 | 0.08] 124 069 {030 145035012 1.05{ 1.08 | 0.13
Apr 0861080 10101104} 023}009]101t 039 {010 104 | 011 1 008 | 084} 124 {0111 102 056 | 0.12
May 4451 058 { 009|116 032 {008} 1181} 049 | 0.10 | 1.15 | 0.32 | 0.08 | 119 : 049 | 010 | 115 0.32 | 0.08
Jun 150 | 0.84 | 0.09 140 196 | 011 11.07 157 {009 133 072 { 0.07 | 1.04 | 163 | 0.09 | 1.33 | 0.72 | 0.07
Jul 148 | 165 1 008 | 1.28 | 153 (| 045 1.70{ 158 | 0.10 | 1.53 | 1.11 {007 | 168 | 157 | 0.10 | 1.53 | 1.14 { 0.07
Aug 1811 203 1009 151|221 009080 | 414 ] 008|173 ] 231 0111079 408 {008 188 222 | 0.11
Sep 168 ] 20 009 143 260 {008 ;156 | 1.20 | 0.07 {189 2985|012 | 1.56 | 1.20 | 007 | 1.87 | 298 | 0.12
Oct 1251 054 1008 1 1311 119 [ 009141 1.03 {0091 126 | 055 | 008 | 145} 113 | 0.10 | 1.26 { 0.55 | 0.08
MNov 112 1 028 1008 | 113 | 0.28 | 0.08 1 1131 028 {008 | 1.13 | 0.28 ; 0.08 | 1.13 | 028 | 008 ¢ 1.13 | 0.28 | 0.08
Dec 1211102 10101115 034 1 00811231055 009134 107 {010 | 117 {068 ] 0.10 | 1.26 | 0.58 | 0.09
Annua
i 1781088 (0617 117 1 082 10131110 0.93 | 0091211083 | 012§ 1.07 | 112 1 010§ 1.17 | 0.73 | 0.10
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5.3.2 BMP SCENARIO EFFECTIVENESS

Tables 5.5 to 5.10 present a comparison of the BMP effectiveness of individual

management practices, heavily applied, for individual Climate Scenarios. These tables allow for

a direct assessment of relative effectiveness of various management practices for a variety of

fixed climate conditions.

(synthetic average case)

Table 5.5: Comparison of BMP Effectiveness' (in %) for Climate Scenario 1

FAR = 50% of Base YFSofiz2m No Stream Access 75% Reduced Tillage
Month TN TOC TP TN TOC TP TN TOC TP TN TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 73.14 216 0.0 0.0 0.0 0.0 -43.28 0.54
Mar 37.94 0.0 49.03 0.01 78.45 14.18 0.01 0.39 0.0 0.0 -16.68 0.28
Apr 3.0 0.0 20.84 0.04 87.42 5.33 0.03 0.56 0.08 0.0 -11.01 o011
May 38.58 0.0 17.59 0.0 51.17 3.46 0.0 0.0 0.0 0.0 -4.44 0.28
Jun 11.69 0.0 18.82 0.0 21.65 3.41 0.0 0.0 0.0 0.0 -3.73 0.0
Jul 27.03 0.0 26.50 0.0 57.84 6.80 0.0 0.0 0.0 0.0 -11.96 0.08
Aug 16.51 0.0 18.20 0.0 41.13 4.56 0.0 0.0 0.0 0.0 -11.37 0.64
Sep 10.76 0.0 16.34 0.0 41.09 3.37 0.0 0.0 0.0 0.0 -6.85 1.38
Oct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 16.27 0.0 27.29 0.33 70.31 6.65 5.05 5.20 24.36 0.01 -32.46 0.65
Annua
i 23.46 0.0 44.80 0.03 64.12 12.90 0.31 0.75 0.38 0.0 -16.04 0.28

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.

Table 5.5 shows a clear distinction between two highly effective BMPS, the FAR and VFS

scenarios, and two largely ineffective BMPs, the stream access and reduced tillage scenarios.

The difference is certainly pronounced on a yearly basis. Compare for instance, the TP reduction

of 45% in the FAR management practice scenarios with the negligible reductions (0.3%) in both

the stream access and reduced tillage cases. The difference does not seem to lie in particular

events or conditions since this pattern is consistent over the months of the year, although the

effective BMPs do appear to be particularly effective in the late winter and spring months.
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Table 5.6: Comparison of BMP Effectiveness’ (in %) for Climate Scenario 2 (historical average)

FAR = 50% of Base VFSofiZ2m Mo Stream Access 75% Reduced Tillage
Month TH TO0 TP TH 100 TP TN TOC TP TN TOC TP
Jan 0.0 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Faeb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
War 10.40 0.0 38.21 0.02 84.74 14.31 0.02 .28 0.02 0.0 -25.28 1.82
Apr 1.14 0.0 7.24 0.0 55.06 1.84 0.0 0.0 0.0 .0 -5.27 0.12
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun 34.51 0.0 48.25 0.39 738.76 11.13 5.75 3.74 14.14 0.0 -5.19 0.34
Jul 22.68 0.0 47.88 0.33 57.863 13.38 4.19 3.67 4.0 0.01 -5.47 0.56
Aug 33.45 0.0 41.37 0.0 87.78 9.03 0.0 0.0 0.0 0.0 -32.97 0.58
Sep 20.68 0.0 27.35 0.0 £68.74 6.05 0.0 0.0 0.0 0.0 -48.39 -0.14
Cct 13.26 0.0 15.31 0.0 59.54 3.43 0.0 0.0 0.0 0.0 -40.43 0.28
Nov 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Annua
i 9.08 0.0 26.21 0.05 61.35 7.28 0.69 0.98 1.42 0.0 -19.45 0.81

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.

Table 5.7: Comparison of BMP Effectiveness' (in %) for Climate Scenario 3 (warm wet case)

FAR = 50% of Base VFS of 12 m No Stream Access 75% Reduced Tillage
Month TN TOC TP TN TOC TP TN TOC TP TN TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 1.13 0.0 7.32 0.0 80.04 3.39 0.0 0.0 0.0 0.0 -41.97 0.29
Apr 2.18 0.0 14.14 0.03 73.82 3.83 0.04 1.02 0.07 0.0 -6.95 0.23
May 7.24 0.0 18.78 0.0 39.60 4.07 0.0 0.0 0.0 0.0 -1.32 0.53
Jun 33.24 0.0 44 67 0.42 78.79 11.07 9.29 3.82 27.22 0.0 -6.10 0.14
Jul 18.76 0.0 31.47 0.0 41.15 5.92 0.0 0.0 0.0 0.0 -7.22 0.31
Aug 33.44 0.0 52.40 2.92 88.78 19.12 4,26 7.57 30.14 0.02 -16.37 0.24
Sep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oct 11.87 0.0 16.04 0.0 48.20 3.18 0.0 0.0 0.0 0.0 -16.32 1.11
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 9.82 0.0 11.01 0.0 41.55 2.51 0.0 0.0 0.0 0.0 -31.17 0.37
Annua
i 8.05 0.0 16.46 0.19 66.52 4.62 0.97 2.98 4.16 8.9 -15.62 0.27

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.




Table 5.8: Comparison of BMP Effectiveness' (in %) for Climate Scenario 4 (warm dry case)
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FAR = 50% of Base YFS ofi2m No Stream Access 75% Reduced Tillage
#Month TN T0C TP TN TOC TP TN TOC TP ™ TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 6.0 0.0 60.65 1.21 0.0 0.0 0.0 0.0 -35.61 0.29
Mar .59 0.0 3746 | 0.0 71.55 10.87 2.0 0.0 0.0 0.0 -12.27 4.88
Apr 0.31 0.0 3.02 0.0 9.42 0.67 0.0 0.0 0.0 0.0 -1.10 0.0
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6
Jun 0.0 6.0 0.0 0.0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 0.0
Jul 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aug 26.85 0.0 39.49 0.0 58.03 7.90 0.0 0.0 0.0 0.0 -19.44 0.62
Sep 24.39 C.0 36.08 0.0 63.79 7.0 0.0 0.0 0.0 0.0 -25.23 2.09
Oct 0.0 6.0 0.0 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 17.50 0.0 18.49 0.0 69.75 4.23 0.0 0.0 0.0 0.0 -44.15 0.80
Annua
i 5.58 0.0 18.98 0.0 45.40 5.26 0.0 0.0 0.0 0.0 -18.72 2.0

1 - . B . : . f . .
The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.

Table 5.9: Comparison of BMP Effectiveness' (in %) for Climate Scenario 5 (cold wet case)

FAR = 50% of Base VFSof12m No Stream Access 75% Reduced Tillage
Month TN TOC TP TN T0C TP TN TOC TP TN TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 3.76 0.0 18.28 0.0 44.05 5.24 0.0 0.0 0.0 0.0 -1.26 1.07
Apr 4.90 0.0 23.12 0.09 91.22 8.77 0.08 0.82 0.17 0.0 -11.72 0.17
May 8.42 0.0 19.60 0.0 39.58 4.33 0.0 0.0 0.0 0.0 -3.15 0.40
Jun 33.90 0.0 45.56 0.48 80.23 11.39 9,92 4.07 28.41 0.0 -5.98 0.12
Jul 20.35 0.0 30.23 0.0 43.54 6.18 0.0 0.0 0.0 0.0 -7.63 0.28
Aug 33.83 0.0 52.67 2.83 88.86 18.78 422 7.28 28.24 0.01 -17.37 0.17
Sep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oet 15.41 6.0 22.30 0.0 53.05 4,28 0.0 0.0 0.0 0.0 -18.02 1.74
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dac 13.16 0.0 28.39 0.14 56.04 5.74 417 3.28 23.38 0.01 -35.03 0.40
Annual 9.75 0.0 22.59 0.21 72.95 6.12 1.38 2.72 5.72 0.0 -12.04 0.38

' The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.
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Table 5.10: Comparison of BMP Effectiveness' (in %) for Climate Scenario 6 (cold dry case)

FAR = 50% of Base YFSofi2m Mo Stream Access 75% Reduced Tillage
Month ™ TOC TP T T0C TP TH TOC TP TH TOC ™
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 4.84 0.0 22.78 0.0 81.55 5.88 0.0 0.0 0.0 0.0 -14.29 0.45
Apr 4.18 0.0 20.63 0.01 81.12 5.80 0.01 0.18 £.02 0.0 -8.57 £.32
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun 0.0 0.8 8.0 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 6.0
Jul 0.0 0.0 1.29 0.0 2.80 0.38 0.0 0.0 0.0 0.0 -0.30 0.0
Aug 27.45 0.0 40.93 0.0 57.83 8.05 0.0 0.0 0.0 0.0 -20.27 0.51
Sep 24.99 0.0 37.39 0.0 64.86 7.26 0.0 0.0 0.0 00 | -2764 2.014
Oct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 8.78 0.0 10.94 0.0 41.70 2.22 0.0 0.0 0.0 0.0 -14.66 0.88
Annual 4.88 0.0 15.38 0.0 53.35 4.18 0.0 0.04 0.01 0.0 -11.32 0.35

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the

base case.

Although the relative effects are substantially different from scenario to scenario in Tables 5.5 to
5.10, certain common traits are apparent. The reduction in FAR, for example, is quite effective
across all weather conditions in reducing TP (varying from about 15-40%), sometimes effective
at removing TN (from about 5-20%), and ineffective for TOC reduction (negligible in all cases).
Conversely, the VES is very effective at TOC removal with reductions of about 45 to 70%,
somewhat effective at TP removal (but by no more than approximately 10%), and generally

ineffective at reducing TN loadings.

The stream access and reduced tillage are generally ineffective at nutrient removal when
compared with the previous two management practices. The tillage management practice in
particular is problematic since, depending on the extent of tillage reduction and the crop
management schedule, it can actually lead to a small increase in TOC loadings (this effect only
occurs in the extreme tillage reduction scenario). There is some controversy in the literature as to
whether tillage reduction can be broadly recommended for nutrient reduction purposes (see, for

instance Peet, 1995), so this result is quite interesting.

Another noticeable feature of the results is the relationship of the November and December
results. An overview of the tables shows that BMPs implemented in the month of December are
typically much more effective than the adjacent winter months of November-February. This
result is explained when comparing the relative runoff volumes in these months. Indeed, the
runoff contribution to total outlet flow in December months is roughly an order of magnitude

higher than those in the adjacent months of November and January, and hence BMPs controlling
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runoff pollutant loadings will be far more effective in this month. This is most likely due to the
higher precipitation and more moderate temperatures in the early month of December across the
Climate Scenarios examined. An additional contributing effect is likely the low precipitation in
the November months, which may lead to nuirients not being mobilized to the channel

throughout much of that month.

5.3.3 AGGREGATE BMP SCENARIO EFFECTIVENESS

In addition to individual implementation of BMPs, aggregate management scenarios were also
simulated for each climate condition. These scenarios consist of conjugate use of two or more
BMPs simultaneously throughout the watershed. Section 5.1 and Table 5.2 outline the

terminology used and the how the aggregate scenarios were configured in additional detail.

Table 5.11: Comparison of Compound BMP Effectiveness' (in %) for Climate Scenario 1

(synthetic average case)

Al BMPs Applied All BMPs Appiied F.A.R and VFS Applied FAR and VFS Applied
Heavily Moderately Heavily Moderately

Month TN TOC TP TN TOC TP TN TOC TP TN TOC TP

Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 71.84 2.62 0.0 56.02 2.28 0.0 73.14 2.186 0.0 62.58 1.84
Mar 37.95 77.96 58.25 22.77 65.21 38.05 37.95 78.45 56.13 22.77 67.13 37.92
Apr 3.04 87.11 23.20 2.02 73.80 15.60 3.04 87.42 23.16 2.01 74.80 15.56
May 38.58 51.03 18.60 23.15 43.45 12.33 38.58 5117 18.52 23.15 43.78 12.20
Jun 11.69 21.54 19.51 7.01 18.16 13.19 11.68 21.65 19.51 7.01 18.52 13.19
Jul 27.03 57.48 29.50 16.23 48.10 25.91 27.03 57.84 29.48 16.23 49.48 25.88
Aug 16.51 40.79 20.36 10.26 33.60 17.88 16.51 41.13 20.13 10.26 35.20 17.68
Sep 10.76 40.89 17.70 6.83 34.13 15.14 10.76 41.08 17.36 5.83 35.18 14.71

Oct 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Mov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 17.85 69.48 33.40 10.98 55.68 25.44 16.60 70.31 30.0 1 10486 60.16 22.23
Annual 23.56 63.66 51.47 14.20 52.82 34.91 23.49 64.12 51.31 14.17 54.87 34.73

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base

casc.

Table 5.11 effectively shows the viability of BMP implementation for purposes of reducing
nutrient loadings reaching the outlet, both an annual and a month-by-month basis. Every
implementation presented in this table reduces the annual nutrient loadings by at least 15%, and
in some cases the reduction is as high as 70% of the base case results. The relative
ineffectiveness of the stream access and reduced tillage management practices is again visible in
this table by noting the lack of significant effectiveness of “All BMPs” implementations over

“FAR and VFS” management practices.
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Table 5.12: Comparison of Compound BMP Effectiveness (in %) for Climate Scenario 2

(historical average case)

All BMPs Applied

All BMPs Applied

FAR and VFS Applied

FAR and VFS Apptlied

Heavily Moderately Heavily Moderately

Month TN TOC TP TH TOC TP T TOL TP TH TOO TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 10.43 83.98 44.82 6.26 88.28 30.56 10.42 84.74 43.98 5.26 72.51% 29.77
Apr 1.14 54.90 8.18 0.68 458.60 5.52 1.44 55.06 8.14 0.68 47.12 548
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun 36.75 79.71 56.08 22.48 68.07 3577 34.90 79.76 52.42 21.87 ©8.25 34.43
Jul 23.08 57.57 55.04 15.96 48.98 37.18 23.01 57.63 54.35 15.91 49.31 36.50
Aug 33.45 66.79 44.58 20.91 53.23 30.78 3345 67.78 44.41 2091 57.99 30.50
Sep 20.68 67.28 29.46 12.92 51.65 18.97 20.68 68.74 29.43 12.92 58.82 19.97
Oct 13.26 58.33 16.64 8.29 44.88 11.28 13.26 59.54 16.53 8.29 50.95 11.14
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Annua

i 9.30 60.80 30.31 5.79 49.90 20.46 9.14 61.35 29.68 5.74 52.50 18.99

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base

case.

Table 5.13: Comparison of Compound BMP Effectiveness' (in %) for Climate Scenario 3

(warm wet case)

All BMPs Applied

All BMPs Applied

FAR and VFS Appiied

FAR and VFS Applied

Heavily Moderately Heavily Moderately

Month TN TOC TP TN T0C ™ TN TOC TP TN TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 1.13 78.78 9.85 0.68 62.28 6.94 113 80.04 9.65 0.68 68.48 6.74
Apr 2.23 73.64 16.12 1.52 62.59 10.91 2.21 73.82 16.02 1.51 83.17 10.83
bhay 7.24 39.56 20.30 4.88 33.68 13.56 7.24 39.80 20.15 4.88 33.89 13.36
Jun 34.56 78.72 56.53 23.14 67.17 35.13 33.86 78.79 48.28 21.59 57 .41 32.72
Sul 18.76 40.93 32.80 12.01 34.35 21.80 18.76 41.15 32.85 12.01 35.21 21.49
Aug 36.53 88.51 64.49 24.80 74.34 48.83 36.37 88.78 83.85 24.56 75.97 44.89
Sep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Oct 11.87 47.71 17.47 7.63 38.76 11.68 11.87 48.20 16.92 7.63 41.24 11,21
Kov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0 0.0 0.0
Dec 9.82 40.61 12.04 5.25 30.83 8.06 9.82 41.55 11.93 6.25 35.55 7.87

Annual 8.32 86.14 19.46 5.52 55.0 13.18 8.24 66.52 18.71 5.38 56.92 12.65

1 . . N . . . . 4
The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base case.




Table 5.14: Comparison of Compound BMP Effectiveness' (in %) for Climate Scenario 4

{warm dry case)

All BMPs Applied

All BiPs Applied

FAR and YFS Applied

FAR and YFS Applied

Heavily Moderately Heavily Moderately

Month TH TOC TP TN TOC TP ™ TOC TP TH TOC ™
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Feb 0.0 59.58 1.46 0.0 48.48 1.27 0.0 80.65 1.21 0.0 51.90 1.04
Mar 2.59 71.18 45.03 5.76 59.67 31.68 9.58 71.55 43.02 5.76 61.23 29.08
Apr 0.31 9.39 3.25 0.2% 7.98 2.16 0.31 9.42 3.25 0.29 8.08 2.16
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jut 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Aug 26.85 57.45 41.80 17.11 46.90 29.14 26.85 58.03 41.70 17.11 4865 28.93
Sep 24.38 63.03 38.42 15.62 50.84 26.44 24.39 63.79 37.98 15.62 54.58 25.54
Oct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 17.50 68.43 20.30 11.08 52.96 13.70 17.50 69.75 20.04 11.08 59.88 13.29

Annual 5.58 44.84 22.35 3.52 36.09 15.63 5.58 45.40 21.50 3.52 38.85 14.54

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base case.

Table 5.15: Comparison of Compound BMP Effectiveness' (in %) for Climate Scenario 5

(cold wet case)

All BMPs Applied

All BMPs Applied

FAR and VFS Applied

FAR and VFS Applied

Heavily Moderately Heavily Moderately

Month ™ TOC T TN TOC TP TH TOC TP TN TOC e

Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Feb 00 | 00 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Mar 3.76 4401 21.33 2.25 37.55 14.54 3.76 44.05 20.88 2.25 3768 14.10
Apr 5.0 90.89 26.62 3.22 77.02 18.06 4.99 91.22 26.55 3.21 78.06 17.98
May 8.42 30.48 21.23 5.66 33.38 14.14 8.42 39.58 21.40 5.66 33.86 14.01
Jun 35.29 80.18 57.38 23.83 68.45 35.89 34.38 80.23 50.36 22.26 68.65 33.32
Jut 20.35 43.31 32.10 13.04 38.34 21.21 20.35 43.54 32.03 13.04 37.26 21.13
Aug 36.80 88.56 54.47 25.15 74.26 48.26 36.66 88.86 63.85 24.92 76.04 44.62

Sep 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Cet 15.41 52.51 23.69 10.08 42.65 16.05 15.41 53.05 23.35 10.08 45,39 15.28

Nov 0.0 0.0 0.0 0.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 13.81 55.08 32.30 8.96 42.93 23.58 13.30 58.04 30.02 8.41 | 47.95 20.52
Annual 10.02 72.67 26.33 8.87 61.18 17.97 9.95 72.95 25.44 6.48 62.42 17.19

The effectiveness is calenlated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base case.
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Table 5.16: Comparison of Compound BMP effectiveness' (in %) for Climate Scenario 6

{cold dry case)
Al BMPs Applied All BMiPs Applied FAR and YF8 Applied FAR and VFS Applied
Heavily Moderately Heavily Moderately

Month T TOC TP ™ TOC TP TH TOC TP TH TOC TP
Jan 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Fab 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.0 0.0
Mar 4.8 81.1 28.5 290 68.08 18.05 4.84 81.55 26.33 2.80 65.78 17.84
Apr 4.2 80.8 237 2.60 68.60 16.02 419 81.12 23.55 2.80 69.41 15.90
May 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Jun 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 D.O 0.0 0.0
Jul 0.0 2.8 1.5 0.0 2.37 1.03 0.0 2.80 1.50 0.0 2.39 1.03
Aug 27.5 57.2 43.2 17.78 46.62 29.09 27.45 57.83 43.08 17.78 40,49 28.92
Sep 25.0 84.0 39.7 16.28 51.39 26.70 24.98 64.86 39.25 16.29 55.50 25.82
Oct 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Nov 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dec 8.8 41.3 11.8 5.70 33.42 7.97 8.78 41.70 11.58 5.70 35.68 7.57

Annual 4.9 53.0 17.5 3.10 44.18 11.82 4.88 53.35 17.33 3.10 45,65 11.67

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared with the base case.

The results from Tables 5.11-5.16 lead to some observations predicted from the observations in
Section 5.3.2. The reduction of FARs and implementation of VFSs alone lead to essentially the
same reductions in nutrient loading as the implementation of all the BMPs examined. That is to
say, the other two management practices, which are reduced stream access and tillage, have little

effect in isolation or in conjunction with other strategies.

The other interesting result apparent in these tables is the relative susceptibility of different
nutrient types to the BMPs. The TOC loadings can be reduced by a factor of approximately 2
with either moderate or extensive application of the management practices. The TP loadings can
also be substantially reduced, by up to about 20%, although the extent of BMP implementation is
an important factor in obtaining a reascnable decrease. The reductions in TN loadings are
difficult to predict, and range from a few percent to roughly 25%. The extent of application is
again quite important for TN reduction, and the BMP effectiveness appears to be substantially

higher in scenarios with high spring runoff volumes.

An additional way of looking at the results of the study is presented in Figures 5.1 to 5.4. These
figures are designed to show graphically the relative effectiveness of each BMP at reducing

nutrient loadings across varied climate conditions.
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Figure 5.1 Relative loadings when compared to base for FAR BMP across all weather conditions
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Figure 5.2: Relative loadings when compared to base for VFS BMP across all weather conditions
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Figure 5.3 Relative loadings when compared to base for reduced stream access BMP across all

weather conditions
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Figure 5.4: Relative loadings when compared to base for reduced tillage BMP across all weather

conditions



5.3.4 OVERALL BMP SCENARIO EFFECTIVENESS

In addition to the individual runs considered as separate entities, an average overall BMP
effectiveness was deemed to be of some value in assessing the BMP implementations. Therefore,
the effectiveness of representative BMPs at reducing nutrient loadings in the watershed was

averaged over all climate scenarios and is presented in this section.

Table 5.17: Averaged Overall BMP Effectiveness' (in %)

FAR = 50% of Base YFSof12m No Stream Access 75% Reduced Tillage
TH TOC TP TN T0C TP N [ TOC | TP TH T0C ™"
0 0 0 iy 0 0 0 0 0 0 0 0
Jan {0/0) | (0/0) | (0/0) | (0/0) (0/0) {0/0) (0/0) | (0/0) | (0/0) | (0/0) {0/0) {0/0)
0 0 0 0 22 1 0 0 Y 0 -13 0
Feb {0/0) [ {0/O) | (0/0) | (O/0) ¢ (O/73) (0/2) (0/0) | (D/0) | {(0/0) | {0/0) { (-43/0) {0/1)
11 0 29 t] 73 9 0 0 0 0 -19 9
Mar (1/38) | (0/0) | (7/49) | (0/0) | (44/85) § (3M4) | {(0/0) | (0/O) | (0/0) | (O/O) | (-42/-1) {0/5)
3 0 15 0 66 4 0 0 0 0 -7 0
Apr (0/5) 1§ {(0/0) | (3/23) | (O/0) | (8/81) (1/7) (0/0) § (0/1) | (0/0) | (0/0) | {(-12/-1) {0/0)
9 0 9 0 22 2 0 0 0 0 -1 0
May {0/38) | (0/0) | (0/20) | (O/0) | (O/51) (0/4) (0/0) | (0/0) | (O/O) | (O/O) (-4/0) 0/1)
18 0 26 0 43 6 4 2 12 0 -4 0
Jun (0/35) | (0/0) | (0/48) { (0/0) | (0/80) | (O/11) | (0/10) | (0/4) | (0/28) | (0/O) (-6/0) (0/0)
15 0 23 0 34 5 1 1 1 0 -5 o
Jul (0/27) | (0/0} | (0/48) | (0/0) | (0/58) | (0/13) | (0/4) | (0/4) | (0/4) | {0/C) | (-12/0) {0/1)
29 0 41 1 67 11 1 2 10 0 -20 0
Aug (17/34) | (0/0) | (18/53) | (0/3) | (41/88) | (5/19) | (0/4) | (0/8) | (0/30) | (0/0) { (-33/-11) | (O/1)
13 0 20 0 40 4 v 0 0 0 -18 1
Sep {0/25) | (0/0) | (0/37) | (0/0) | (0/69) (0/7) (0/0) | (0/O) | (0/O) | (B/O) | (-48/0) (0/2)
7 0 9 0 27 2 0 0 0 0 -12 1
Oct (0/15) | (0/0) | (0/22) | (0/0) | (0/60) (0/4) (0/0) | (0/0) § (0/0) | (0/0) | (-40/0) {0/2)
o 6 1. 0. 0 0 0 0 0 0 0 0 0
Nov (0f0) | (010) | (0/0) | (0/0) {0/0) (0/0) (0/0) | (0/0) § (0/0) | (0/0) 0/0) | {0/0)
11 0 16 0 47 4 2 1 8 0 -26 1
Dec (0/18) | (0/0) | (0/28) | (0/0) | (0/70) (0/7) (0/5) | (0/5) | (0/24) | (0/0) | (-19/0) {0/1)
10 0 24 0 61 7 1 1 2 0 -16 1
Annual (5/23) | (0/0) | (15/45) | (0/0) | (45/73) | (4/13) | (OM) | (O/3) | (O/8) | (0/O) | (-18/-11) | (0/2)

The effectiveness is calculated as the percentage reduction in nutrient concentration reaching the watershed outlet when compared
with the base case. The effectiveness in this table has then been averaged over all 6 climate scenarios. Min and max values are
indicated in parentheses beneath the averaged figure.
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Figure 5.5: Average Overall BMP Effectiveness vs. Estimated Cost (as outlined in Section 6.3.6)

Table 5.18: Averaged Overall Compound BMP Effectiveness' (in %)

All BMPs Applied FAR, VFS Applied FAR, VFS Applied
Al BMPs Applied Heavily Moderately Heavily ioderately
#Month TN TOC TP ™ TOC TP TN TOC TP T TOC TP
0 4] 0 0 0 0 0 0 0 0 0 0
Jan {G/0) {0/0) {0/0) {0/0) H{sTi)] {0/0) {G/0) (G/0) {0/0) (0/0) {0/0) (0/0}
0 22 1 0 17 1 0 22 1 0 19 it
Feb {0/0) {0/72) {0/3) {(0/0) {0/58) (0/2) {0/C) {0173} {0/2) {G/0) {0183} {0/2)
11 73 34 7 80 23 11 73 33 7 63 23
Mar (1/38) | (44/84) | (10/56) | (1/23) | (38/88) | (7/38) | (1/38) | (44/85)  (10/58) ; (¥/23) | (38/73) {7/38)
3 g6 17 2 58 11 3 86 17 2 57 11
Apr {0/5) (9/91) 1| {3/27) {0/3) (8/77)y | (2/18) {0/5) {8/91) | (327 {0/3) {B/78) (2/18)
9 22 10 6 18 7 9 22 10 3] 18 7
HMay {0/38) (0/51) | (O/21) | (0/23) | (0/43) | (0/14) | {0739y | (0/51) | (0/21) § (0/23) (0/44) {07143
20 43 32 13 37 20 18 43 29 12 37 18
Jun (0/37) (0/80Y | (O/57Y | {24y | (0/68) | (0/36) | (0/35) ¢ (G/80) . {Gi52) | (0/22) {0/89) {0/34)
15 34 25 10 28 18 15 34 25 10 29 18
Juid (G727} (0/58) 1 (0/55) | (0/18) | (0/49) t (0/37) | (0727 | (0/B8Y | (O/54) | (0/16) {0/49) {0/38})
30 g7 48 19 55 34 30 87 48 18 57 33
Aug {47/37) 1 (41/88) | (20/64) | {10/25) | (34/74) | (18/48} | (A7/37) | (41/89) | (20/84) | (10/25) | {(35/78) | (18/45)
13 38 21 g 31 158 13 40 21 9 34 14
Sep {0/25) (0/87y | (0/40) | (0/18) | (0/52) | (G/27) | (0/2B) | (0/89; | (0/39) | (0/18) {0/59) (0/28)
7 25 10 4 21 7 7 27 g 4 23 8
Ot {3415} {0/58) | (G/24) | (0/10y | (045 | (0/18) | (DM18) | (O/80) | (L/23) | (019 (0/51) {0/15)
o] 0 o 0 G ¢ G 0 ¢ o i) o
Kov {0/0} (0/0} (0/0) {0/0) (0/0) {B/0} {0/0) {C/0} {0/0} {0/0) {610} {0/0)
11 48 18 7 38 13 11 47 17 7 40 12
Dec {0118} {0/6G) | (0/33y 1 (DM 1 (O/58) 1 (0j2B) 1 (018} | {0/70) | (0730 ¢ (0t {0160} {0/22)
10 80 28 8 5¢ 19 16 81 27 8 52 18
Annual | (5/24) | (45/73) | (17/51) | (3/14) | (38/81) | (12/35) | (5/23) | (45/73) | (17/51) | (3/14) | {(38/62) | (12/35)

H . . . - L . . el 2 P -

* The effectiveness is caloulated as the percentage reduction in nuirient concentration reaching the watershed outlet when compared with the
base case. The effectiveness in this table has then been averagsd over all 6 climate scenarios. Min and max values are indicated in parentheses
beneath the averaged figure.
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Tables 5.17 and 5.18 confirm some observations from Section 5.3.3., and allow for an overall
comparison of BMP effectiveness independently of climate conditions. The efficiency of the
FAR and VFS BMPs is again greater than that of the stream access and tillage controls.
Additionally, the relative removal potential of the nutrient types is roughly 10% for TN, 30% for

TP, and in excess of 50% for TOC when averaged over all the climate scenarios examined.

Figure 5.5 presents a visual comparison of the relative cost and effectiveness of each
management practice in nutrient reduction at the outlet. The BMPs to the right of the figure are
less costly (a potential profit is displayed as a negative cost value) and those to the left are the

most costly. Costs are based on the calculations presented in Section 6.3.

5.3.5 WATER QUALITY MODEL RESULTS
The water quality criteria used, as mentioned in Section 4.4, are based upon the CCME
(Environmental Service, 1999) criteria for freshwater-aquatic life as well as eutrophication

criteria.

Tables 5.19 to 5.24 reflect the degree of improvement, from a standards point-of-view, of
the nutrient-related parameters that were generated by the simulations. It should be noted that for
clarity these tables omit violations relating to daily phosphorus and dissolved oxygen (DO)
criteria, since these were extremely frequent and nearly identical among all the runs for a given

climate scenario.

Table 5.19: Water Quality Improvement with BMP Implementation for Climate Scenario 1

(synthetic average case)

Violations of Water Meets Permissible L.oading
. Quality Criteria for Eutrophication?
Scenario Yeari
{% Improvement) ™ TR
y sum
Base 48 8] N N
All BMiPs ?pphed 42 13 N N
heavily
Al BMPs apptied 43 10 N N
moderately
FAR, VFS 'applled 42 13 N N
heavily
FAR, YFS applied 43 10 N N
moderately
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Table 5.20: Water Quality Improvement with BMP Implementation for Climate Scenario 2

(historical average case)

Violations of Water Meets Permissibie Loading
. Quality Criteria for Eutrophication?
Scenario Yoarl
{% lmprovement) ™ Lid
y sum
Base 80 Y Y N
All BMPs applied
heavily 69 14 Y N
All BMPs applied
moderately 73 9 Y N
FAR, VFS applied
heavily 69 14 Y N
FAR, YFS applied
moderately 73 ° M N

Table 5.21: Water Quality Improvement with BMP Implementation for Climate Scenario

3 (warm wet case)

Violations of Water Meets Permissible Loading
. Quality Criteria for Eutrophication?
Scenario Yoarl
{% Improvement) TN >
y sum
Base 77 0 Y 1 N
All BMPs applied
heavily 0 ° Y N
All BMPs applied |
moderately 72 6 Y N
FAR, VFS applied
heavily 70 o Y N
FAR, VFS applied
moderately 72 6 Y ] N

Table 5.22: Water Quality Improvement with BMP Implementation for Climate Scenario

4 (warm dry case)

Violations of Water Mests Permissible Loading
. Quality Criteria for Eutrophication?
Scenario Yearl
{% Improvement} TH ™
y SUm
Base 71 0 Y M
All BMPs applied
heavily 65 8 Y N
All BMPs applisd
moderately 66 7 M N
FAR, VFS applled
heavily 65 5 M N




FAR, VFS applisd

moderately 68 7 Y N

Table 5.23; Water Quality Improvement with BMP Implementation for Climate Scenario 5 (cold

wet case)
Yiolations of Water Meets Permissible Loading
. Quality Criteria for Eutrophication?
Scenario -
{% Improvement) TH 11
¥ Sum
Base 71 it Y N
All BMPs applied '
heavily 65 8 M N
All BMPs applied
moderately 66 7 Y N
FAR, VFS applied
heavily 65 8 Y N
FAR, VFS8 applied
moderately 66 7 Y N

Table 5.24: Water Quality Improvement with BMP Implementation for Climate Scenario

6 (cold dry case)
Violations of Water Meets Permissible Loading
. Quality Criteria for Eutrophication?
Scenario Yoari
{% Improvement) ™ TP
y sum
Base ' 68 0 Y ' N
All BMPs applied
heavily 64 6 M N
All BMPs applied
moderately 64 6 Y N
FAR, VFS applied
heavily 64 6 Y N
FAR, VFS applied
moderately 64 8 M N

The results presented in Tables 5.19-5.24 show that number of CCME standard violations
may be reduced by between 5 and 15% depending on the extent of BMP implementation and the
climate conditions, although the reduction is typically less than 10% which is little improvement.
In addition, there does not appear to be an increased compliance with the eutrophication loading

standards regardless of BMP or climate scenario.

5.3.6 BIOLOGICAL INDICES RESULTS
As discussed in Section 4.5, a biological stressing equation was developped for the species

present in the South Nation watershed. The water quality results as generated by CE-QUAL-



RIV1 were then input into Equation 4-1 and corresponding stress values were obtained on a daily

basis for the watershed. These results are presented in the following tables.

Table 5.25: Stress Ratings for Climate Scenario Bases Cases

Synthetic Historical | Warm Wet | Warm Dry Cold Wet Cold Dry
Average Average Case Case Case Case
Case Case

Number of Stress Events 171.0 198.0 189.0 187.0 176.0 173.0

Number of Stress Days 364.0 364.0 364.0 364.0 364.0 364.0

Max Stress intensity 232.0 244.0 240.0 196.0 252.0 202.0
Avg Stress 81.1 70.2 73.9 88.5 70.9 87.8
Median Stress 90.0 72.0 72.0 72.0 74.0 72.0

95th Percentile 146.0 134.9 138.0 134.0 140.9 134.0

90th Percentile 138.0 112.0 132.0 122.0 119.6 112.0
50th Percentile 90.0 76.0 75.0 73.0 740 73.0
10th Percentile 20.0 22.0 16.0 12.2 4.0 4.0
Max Duration 42.0 68.0 85.0 51.0 83.0 82.0
Avg. Duration 2.1 1.8 18 1.9 2.1 2.1
Median Duration 1.0 1.0 1.0 1.0 1.0 1.0
95th Percentile 3.5 2.0 2.0 3.0 ] 24 3.0
90th Percentile 2.0 1.0 2.0 2.0 1.0 20
50th Percentile 1.0 1.0 1.0 1.0 1.0 1.0
10th Percentile 1.0 1.0 1.0 1.0 1.0 1.0

Table 5.26: Effect of BMPs on Stressed States for Climate Scenario 1 (synthetic average case)

All BMPs All BMPs FAR, VFS FAR, VF§
Base Applied Applied Applied Apptied
Case Heavily Moderately Heavily Moderately
Number of Stress Events 171.0 161.0 170.0 160.0 170.0
Number of Stress Days 364.0 364.0 364.0 364.0 364.0
Max Stress intensity 232.0 212.0 222.0 2120 2220
Avg. Stress 81.1 ] 77.5 76.3 77.7 75.5
Median Stress 90.0 90.0 78.0 87.0 77.0

Table 5.27: Effect of BMPs on Stressed States for Climate Scenario 2 (historical average case)

All BMiPs FAR, VFS
All BMPs Appiied FAR, VF8 Applied
Applied Moderatel Applied Moderate!

Base Case Heavily y Heavily y
Number of Stress Events 198.0 183.0 198.0 183.0 196.0
Number of Stress Days 364.0 384.0 384.0 364.0 364.0
Max Stress intensity 244.0 140.0 188.0 140.0 190.0
byg. Stress 76.2 85.5 866 65.5 87.1

Median Stress 72.0 72.0 72.0 72.0 72.0
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Table 5.28: Effect of BMPs on Stressed States for Climate Scenario 3 {(warm wet case)

Ali BMPsg FAR, VF3
All BMPs Applied FAR, VFS Applied
Base Applied Moderatel Applied Moderatel
Case Heavily y Heavily v

Number of Stress Events 18%.0 180.0 188.0 180.0 186.0
Mumber of Stress Days 384.0 364.0 364.0 3684.0 364.0
Max Stress Intensily 240.0 146.0 178.0 146.0 194.0
Avg. Stress 73.9 70.1 69.3 70.0 69.8
Median Stress 72.0 70.0 70.0 70.0 70.0

Table 5.29: Effect of BMPs on Stressed States for Climate Scenario 4 (warm dry case)

All BMPs FAR, VFS
All BMPs Applied FAR, VFS Apptied
Applied Moderatel Applied Moderatel
Base Case Heavily ¥ Heavily y
Number of Stress Events 187.0 188.0 187.0 184.0 187.0
Number of Stress Days 364.0 364.0 364.0 364.0 364.0
Max Stress intensity 196.0 142.0 142.0 142.0 142.0
Avg. Stress 68.5 63.3 85.7 64.3 65.1

Median Stress 72.0 69.0 72.0 71.0 70.0

Table 5.30: Effect of BMPs on Stressed States for Climate Scenario 5 (cold wet case)

Al BMPs FAR, VFS
All BMPs Applied FAR, VFS Applied
Applied Moderatel Applied Moderatel
Base Case Heavily ¥ Heavily y

Mumber of Stress Events 178.0 172.0 175.0 171.0 175.0
Mumber of Stress Days 364.0 364.0 364.0 364.0 364.0
Max Stress intensity 252.0 144.0 176.0 144.0 202.0
Avg. Stress 70.9 63.5 66.0 63.8 65.7
Median Stress 74.0 71.0 72.0 72.0 72.0

Table 5.31: Effect of BMPs on Stressed States for Climate Scenario 6 (cold dry case)

Run0g1 Runi29 Runt30 Run131t Run132
Number of Stress Events 173.0 169.0 172.0 169.0 172.0
Number of Stress Days 364.0 384.0 364.0 364.0 364.0
Max Stress intensity 202.0 144.0 150.0 144.0 148.0
Avg. Stress 87.6 52.8 84.1 82.7 83.8
Median Stress 72.0 70.0 72.0 70.0 71.0

Table 5.32: Average Effectiveness of BMPs on Stressed States for all Climate Scenarios

Runt09 Runii@ Runti1 Runiiz
Number of Stress Events 3.0% 0.3% 3.4% 0.7%
Number of Stress Days 0.0% 0.0% 0.0% 0.0%
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Max Stress intensity 31.6% 22.8% 31.6% 200%
Avg. Stress 6.8% 5.6% 6.6% 5.8%
Median Stress 2.3% 3.1% 2.2% 4.0%

Tables 5.25 to 5.32 present a somewhat bleak picture. The South Nation River is
essentially in a continually stressed state, regardiess of BMP implementation or climate scenario.
Additionally, even extensive use of BMPs led to less than a 10% reduction in average stress
levels in the system. The BMPs do however, lead to a substantial decrease in maximum stress
intensity, with an effectiveness as high as 30% or so, as shown in Table 5.32. These resulis
should certainly somewhat disappoint managers of the watershed; however, the reduction in

maximum stress levels does seem to be an attainable and perhaps worthwhile goal.
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APT
ANALYSIS

6.1 OVERVIEW

The results summarized in Chapter 5 were subjected to analyses from a series of
approaches. The overall feasibility, as well as the economic viability of individual scenarios was
first examined, to provide an estimate of the effectiveness of factors not considered directly
within the AnnAGNPS package. A review of the raw pollutant loading and parameter results was
then conducted, to judge the relative effectiveness and behavior of individual and aggregate

BMPs.

Finally, the post-processing results pertaining to water quality and biological suitability
were examined, to identify trends and usefulness of management scenarios from an in-stream

surface water perspective.

6.2 FEASIBILITY OF BMP IMPLEMENTATION

In this section the feasibility of successfully employing each of the management practices
under the case matrix presented in Chapter 5 is considered. This section is not concerned with
the degree of effectiveness or the economics of the management practices, which are addressed
under other sections, but rather with the logistics and probability of deploying these practices on

a watershed scale.

6.2.1 FERTILIZER APPLICATION RATES

Fertilizer appears to almost universally be over applied throughout most watersheds
(AAFRD, 2001; Shepard, 2002). Indeed, even farmers with nutrient management plans typically
over apply fertilizer, although to a lesser extent than farmers not participating in these plans.
Reasons listed for not participating range from lack of time or trust to concern over yields and

profits (Shepard, 2002).

Providing farmers with the opportunity to participate in clearly designed nutrient
management plans with attainable goals appears to be an effective strategy in improving farmer

education and reducing fertilizer application on a watershed level (NRCS, 2000; Shepard, 2002).
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6.2.2 VEGETATIVE FILTER STRIPS v

Many farmers are currently employing some type of buffer around major waterways
(AAFRD, 2001). Unfortunately, for a buffer zone to act as a VFS, it needs to be properly
designed. Additionally, buffer zones are often poorly placed and maintained (Smith et al., 1992;
Rauniyar and Parker, 1998).

It appears from the literature that there is certainly interest in employing filter strips
around waterways in most watersheds. Improved farmer education on the design and operation
of these systems appears to be a promising approach for adapting existing esthetic buffer zones

into functional filter strips.

6.2.2 STREAM ACCESS

The farmer adoption rate of fencing off waterways and water access to livestock is low in
many watersheds, and support for such action is typically low (Rauniyar, 1998; AAFRD, 2001).
Although farmers typically understand the potential benefits of managing livestock access to
water, there is unwillingness to accept fencing costs. There is also some dispute as to what
constitutes a viable fence and to whom responsibility for fencing particular sites should fall

(Rauntyar and Parker, 1998; Mayer and Edwards, 1999).

6.2.2 REDUCED TILLAGE

The adoption of no-tillage systems does not appear to currently be an attractive option to
many farmers. IWRP (2000) found that while 57% of farmers in a surveyed watershed had some
interest in no-till or reduced till, more than 40% had never tried reduced tillage system, and more
than a third of those who tried low-till systems had since abandoned it. Major reasons cited for
lack of adoption of reduced-till systems were a perceived lower yield, machinery costs, weed

problems, and the reluctance to learn a new system.

Despite these setbacks, it seems that some reduction in tillage on the watershed level can
be achieved, although adoption rates may vary between groups of farmers considerably (IWRP,
2000}. Increased farmer education and aid in transitioning to a reduced-till system may perhaps

further improve adoption rates amongst reluctant farmers.

6.2.3 FEASIBILITY OF EXAMINED SCENARIOS
Table 6.1 presents a brief summary of the feasibility of implementing management

scenarios in the South Nation watershed, based on the analysis conducted under the preceding
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sections. The feasibility score indicated is intended to represent the likelihood of obtaining a net
result over the entire watershed when compared with the current condition, represented by the

base case scenario.

Table 6.1: Speculated Feasibility of Watershed-Level Implementation of Simulated Management

Scenarios
Scenario Management Praclice Speculated Feasibility

1 BASE CASE -

2 FAR = 50% Low

3 FAR = 60% Low

4 FAR =70% Medium
5 FAR = 80% High
5] FAR = 90% High
7 VFS=3m High
8 VFS=6m High
2] VES=9m Medium
10 VFS=12m Medium
11 No Stream Access Low
12 1/3 Stream Access Low
13 1/2 Stream Access Low
14 2/3 Stream Access Medium
15 3/4 Stream Access High
16 75% Reduced Tillage Low
17 50% Reduced Tillage Low
18 25% Reduced Tillage Medium
109 Best of all BMPS Low
110 Typical BMPs Medium
111 Best of FAR and VFS Low
112 Typical FAR and VFS High

6.3 ECONOMICS

This section examines the economics of employing BMPs in the South Nation watershed.
The analysis presented here is by no means comprehensive, and does not consider the social and
economic benefits of improving water quality throughout the watershed. Nevertheless, the

figures do provide some additional insight into the potential economic viability of each

management practice.

6.3.1 FERTILIZER APPLICATION RATES
The economics of fertilizer application are difficult to estimate, since below a certain
threshold of fertilizer application, the crop production per unit area will decrease. The analysis

presented here assumes that fertilizer is not reduced to the point where it becomes limiting, since
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farmers typically substantially over apply fertilizer (Shepard, 2002). The base cost of fertilizer

application in the watershed can be calculated according to Equation 6-1,

TC,, = Area x FAR x Cost (6-1)
where TC, = Total cost of fertilizer application ($/yr)
Area = Area to be enriched (m")
FAR = Fertilizer application rate (kg/m’/yr)
Cost = Cost of the fertilizer ($/kg)

The equation excludes the costs of fertilizer dispersal and integration, and considers only

the cost of the fertilizer iiself.

The area to which commercial fertilizer is applied in the South Nation watershed is
approximately 1455 km’ (Statistics Canada, 1997). Typical application rates by farmers are 9600
kg/km’® of N and 9000 kg/km’ of P (Shepard, 2002). The cost of fertilizer is approximated in the
analysis as $0.66 CDN/kg of N and $0.69 CDN/kg of P (Duvick, 1995). The savings by reducing

the FAR in the watershed are then calculated according to Equation 6-2.
Star = Prap - Apar - (FARy - Cy + FAR, - Cp) (6-2)

where S, = Total savings from reduced fertilizer application ($)

Pe= Percent reduction of application rate (-)

A = Total area (km®)

FAR, = Fertilizer application rate for N (kg/km’)
C, = Cost per unit mass of N-fertilizer ($/kg)
FAR, = Fertilizer application rate for P (kg/km’)
C, = Cost per unit mass of P-fertilizer (3/kg)

Table 6.2; Watershed-Level Economics of Fertilizer Reduction

Fertilizer Cost Savings in $1000s CDN'
FAR
1% 5-yr 10-yr
50% of base 91690 43868 83214
60% of base 7330 350892 66571
70% of base 5500 26318 49928
20% of base 3860 17546 33286
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80% of base 16843 l

1830 l 8773

' All costs are caleulated in 2003 dollars, using an interest rate of 5%/yr and an inflation rate of
3%/yz.

6.3.2 VEGETATIVE FILTER STRIPS

The costs associated with implementing VFSs can be broken down into three major
components: land opportunity, initial setup, and yearly maintenance costs. Typical levels for
these expenses are presented in Table 6.3, and assume a simple grass or hay-based filter strip.
The yearly mowing costs apply to grass systems, while the baling costs apply to hay systems

where the vegetation is harvested and marketed.

Table 6.3: Typical Expenses in Filter Strip Implementation

Expense Cost in $/km” of VFS'
Land opportunity cost 810407
Seed cost 4297°
Labor cost 12678°
Yearly mowing cost 23477*
Yearly baling cost 66675°

' All costs have been converted to Canadian dollars using an exchange
rate of $1.5 CDN to $1 US. All costs have also been adjusted to 2003
levels using an inflation rate of 3%/yr.

? Source: Duvick, 1995

* Source: Nakao et al., 1999

The cost of such a system can then be calculated using Equation 6-3.

Cp=A4,xUC, {6-3)
where C_= Total cost of VFS (8)
A= Total area of VFS (km’)

vis
UC,. =  Cost per unit area of filter strip ($/km”)

In the South Nation watershed, the channel length as defined by the TOPAZ program for

the highest 6 Strahler stream orders is approximately 1460 km. Assuming VFS are implemented

equally on each side of the stream, the area can be approximated as shown in Equation 6-4.

L
Ay = 2920km —2- (6-4)
" 1600
where A, = Total area of VFS (km®)

L, = Length of VFS (m)

vis
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It is now possible to consider the approximate cost of VFS implementations in the South

Nation watershed under several scenarios. Tables 6.4 and 6.5 contain cost calculations using the

above data.
Table 6.4: Watershed-Level Economics of a Grass VFS system
VFE Length Total Area Cumulative Cost in $1000s CDN’

{m) (km?) 1-yr cost 5-yr cost 10-yr cost
3 g 889 3685 8876

6 18 1778 7390 13751

S 26 2667 11084 20627
12 35 3556 14779 27503

' All costs are calculated in 2003 dollars, using an interest rate of 3%/yr and an inflation rate of 3%/yr.

Table 6.5: Watershed-Level Economics of a Hay VFS system

VFS Width Total Area Cumulative Cost (Profit) in $1000s CDN'
(m) (km?) 1-yr cost 5.yr cost 10-yr cost

3 9 889 247 (248)

6 18 1778 493 (497)

9 26 2667 740 {745)

12 35 3556 987 (994)

' All costs are calculated in 2003 dollars, using an interest rate of 5%/yr and an inflation rate of 3%f/yr.
Naturally, the hay system, in which a marketable product is harvested each year, costs
substantially less over an extended period than the grass system. Indeed, as can be seen in Table

6.5, the hay system can potentially generate income within a 10-year period.

6.3.3 STREAM ACCESS

Estimating the cost of reducing livestock access to streams is a difficult process on a
watershed level. In some areas, natural barriers and riparian zones may be sufficient; while in
others extensive fencing may be required. This analysis assumes that livestock currently has
access to 25% of the South Nation river system {2920 km, as approximated under Section 6.3.2),
or 730 km. This estimation is very rough, but in line with indicators from other reports (CH2M
Hill, 2001; AAFRD, 2001). The total cost for installation of barbed wire fence, adjusted to 2003
Canadian dollars, is estimated as $ 3.0 CDN/meter, with an average annual maintenance cost of §

0.24 CDN/meter over a useful lifetime of 20-years (Mayer and Edwards, 1999). The cost of
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reducing stream access can thus be estimated as Equation 6-5, with an additional maintenance
cost calculated from the same equation on a yearly basis. Estimated costs for the scenarios

considered in the simulation are presented in Table 6.6.

P
Cz'sa = 1(5;0 ']‘S(I "N fence (6’5)
where C_ = Cost of reducing stream access (3)
P = Percent of stream access reduction (-)

sar

L_ =Length of stream access in watershed (km)

C =

fence

Cost per unit length of fence ($/km)

Table 6.6: Watershed-Level Economics of Reduced Stream Access

Stream Access Fenced Length Cumulative Cost in $1000s CDN'
{Relative to Base) {km) 1-yr 5-yr 10-yr
0% 730 2190 2850 3603
33% 487 1460 1900 2402
50% 365 1095 1425 1802

67% 243 730 950 1201

75% 183 548 713 901

" All costs are calculated in 2003 dollars, using an interest rate of 5%/yr and an inflation rate of 3%/yr.

6.3.4 REDUCED TILLAGE

The cost structure of no till management for crop production is somewhat different from
that of conventional tillage systems. Costs associated with the fertilizer incorporation and tillage
steps are eliminated from no till schemes. However, supplemental seed drilling costs are usually

required. Typical costs for both management scenarios are presented in Table 6.7.

Table 6.7: Cost of Conventional vs. No Tillage Management Scenarios

Exoanss Costs per km” in $CDN’
Conventional Tl No Till’
Lime Application 2817 2817
Broadcast Fertilizer 1643 1643
incorporate Fertilizer 3287 0
Finn Seedbed 28417 0
Drill Seed 4895 5634
Total Equipment and Labor Cosis 16280 0095

" Al costs have been converted to Canadian dollars using an exchange rate of $1.5 CDN to $1 US. All costs
have also been adjusted to 2003 levels using an inflation rate of 3%/yr.
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? Source: Duvick, 1995
However, changing the degree of tillage will also affect the opportunity cost of the land.
Duvick (1995) suggests that the opportunity cost associated with crop production under a no till
management system is roughly $4080 CDN/km’ (adjusted to 2003 levels). The net savings of
reduced tillage per year is then Equation 6-6:

Savyy = Cyp - Ayr (6-6)
where Sav, =  Net savings of reduced tillage per year (§)
C, = Total savings per unit area of reduced tillage ($/km’) = $1088
CDN/km’
A= Area to which the reduced tillage management is applied (km”)

The approximate area used for crops in the South Nation watershed is roughly 1500 km’
(CH2M Hill, 2001; Statistics Canada, 1997). Table 6.8 considers the potential savings of the

reduced tillage scenarios examined in the case matrix.

Table 6.8: Watershed-Level Economics of Reduced Tillage

Reductionin | o wiy Area Cumulative Savings in $1000s CDN'
Tillage Area
(%) (km?) 1-yr 5-yr 10-yr
75% 1125 1224 6015 12003
50% 750 816 4010 8002
25% 375 408 2005 4001

' All costs are calculated in 2003 dollars, using an interest rate of 5%/yr and an inflation rate of 3%/yr.

6.3.5 REDUCED WATER POLLUTION

The effects of reduced nutrient and sediment loading, along with improved water quality,
clearly lead to social benefits. Estimating the economic benefit of these improvements, however,
is more difficult. Estimates of value per kg of pollutant vary greatly in the literature (IRMP,
2000; Schultz et al., 1997).

6.3.6 COSTS OF EXAMINED SCENARIOS

The costs for each scenario examined in the case matrix, calculated according to the
methods presented in Sections 6.3.1 t0 6.3.4., are presented in Table 6.9. Savings and costs for a
theoretical 10 km® farm are presented in the last common of the table for comparison

purposes.
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Table 6.9 Watershed-Level Economics of Simulated Scenarios

Ava. Return (Cost) Equivaient Remnz
Scenario Management 10-yr Return (Cost) per Year in $1000s {Cost) for a 10km
Practice in $1000s CDN' ) farm in $1000s
CDN 1
CDN
1 BASE CASE - - -
2 FAR = 50% 83214 8321 21
3 FAR = 60% 66571 6657 17
4 FAR =70% 49928 4393 13
5 FAR = 80% 33286 3329 9
6 FAR = 90% 16643 1664 4
7 VFS=3m 248 25 ¢
8 VFS=6m 497 50 0
9 VFS=9m 745 75 0
10 VFS=12m 994 98 0
11 No Stream Access (3603) (360) {1)
12 1/3 Stream Access (2402} (240} {1
13 1/2 Stream Access {1802) (180) 0
14 2/3 Stream Access (1201) (120) 0
15 3/4 Stream Access (901) (90) 0
16 75% Reduced Tillage 12003 1224 3
17 50% Reduced Tillage 8002 816 2
18 25% Reduced Tillage 4001 408 1
109 Best of all BMPS 183647 18365 47
110 Typical BMPs 66328 6633 17
111 Best of FAR and VFS 84208 8421 22
112 Typical FAR and VFS 33783 3378 9

' All costs are calculated in 2003 dollars, using an interest rate of 5%/yr and an inflatior rate of 3%/yr.

The values presented in Table 6.9 do not consider the socio-economic benefits of improved
water quality. They illustrate however that, given the correct circumstances, the implementation
of better management practices can be profitable even before considering social benefits and

downstream economic gains.

6.4 WATER QUALITY ANALYSIS

The water quality simulation, for all scenarios that were run, yielded results that were in
frequent violation of the CCME criteria. Indeed, the total phosphorus criteria were violated on a
near-daily basis, and the DO levels fell outside the recommended levels on several occasions as
well, although never severely nor as frequently as in the case of the phosphorus. These problems
were not generally well addressed by the BMP implementation scenarios, although there are

notable exceptions such as the high reduction in carbon loadings under VFS scenarios.

However, there was a change in the frequency of violations of the other water quality

criteria considered, due mostly to the reduced nitrogen loadings. The maximum improvement
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was only a reduction in breaches over the simulation period of about 15%, which is fairly small,

and of course does not address the issue of severity of each individual breach.

The simulation data indicate that nitrogen and phosphorus are the limiting stressors in the
South Nation watershed, as they are frequently in severe violation of recommended levels and
dominate the ‘stressed’ days. It is clear that the BMPs can potentially offer some improvement of
water quality levels through the substantial reductions in loadings as observed in Section 6.4,
however these improvements do not appear to be sufficient to meet typical provincial standards

by themselves.

6.5 BIOLOGICAL INDICES

The biological stress levels permit an examination of tangible assets in the watershed as
opposed to criteria that have not been geared specifically for the South Nation watershed. By
considering the frequency, duration and relative severity of conditions in the river system from a
biological perspective, it was hoped to achieve a more substantial evaluation of the real potential

for BMPs in the South Nation region.

The results of employing the BMPs from a biological perspective are interesting. The
reduction of stress days is essentially nil, since the South Nation system seems to be, from a

biological perspective, constantly a stressful environment.

The major potential benefits observable from the results were decreased severity of major
stress states, as well as slightly increased stability of stress conditions from day to day. The
BMPs, it appears, can have a softening effect on the stress levels and variations over the course
of the year. However, as can be seen from the percentile distributions in Figures 6.1-6.4, the
BMPs do not substantially shift typical conditions to more comfortable levels for the biological

conditions examined.



70

Frequency of Stress Events
250.0
;
200.0 k
150.0
@
2
ol
>
0
@0
&
£00.0
50.0
0.0 T - + v : r + T :
0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00
Percentile
~o—Base Case ~Z-- All BMPs Moderately Applied - All BMPs Moderately Applied
—#-~FAR and VFS Heavily Applied —3#=~FAR and VF8 Moderately Applied

Figure 6.1: Percentile distribution of stress conditions for Climate Scenario 1 (synthetic average

case)
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Figure 6.2: Percentile distribution of stress conditions for Climate Scenario 2 (historical average

case)
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Figure 6.3: Percentile distribution of stress conditions for Climate Scenario 3 (warm wet case)
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Figure 6.5: Percentile distribution of stress conditions for Climate Scenario 5 (cold wet case)
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CHAPTER 7
CONCLUSIONS

7.1 GENERAL COMMENTS

The investigation conducted yielded useful results given the available data; however,
several important implications of this analysis must be underlined. It was beyond the scope of
the present study to extensively simulate subsurface flow phenomena and nutrient transport,
which can be important factors locally in agricultural watersheds. The baseflow method used in
lieu of a comprehensive groundwater model was adequate for the task at hand, but certainly not
ideal. Nevertheless, it is considered a substantial improvement over studies that ignore this
loading component (see, for instance, Suttles et al., 2001), and allows for some correlation and

calibration to existing data.

The underlying assumptions of accuracy, from the modeling perspective, of this study, are
as follows. While specific local trends may vary considerably from the simulated parameters, the
overall watershed nutrient loading behavior is adequately simulated for the purposes of
evaluating relative effectiveness of BMPs. This assumption had implications on the calibration,
results generation, and analyses presented here. These tasks were conducted to maximize the use
of and correlation to available data sources, as was outlined in prior sections. The
recommendations and results in this thesis are valid within the given context, and may not be

appropriate in other frameworks.

7.2 EFFECTIVENESS OF BEST MANAGEMENT PRACTICES

The relative effectiveness of individual BMPs matched fairly well with observed values
from other studies. The FAR and VFS management practices were far more effective than the
reduced tillage and stream access approaches, and the potential benefits predicted from the
aggregate scenarios including only the top two management practices were essentially identical

to those obtained using all four management practices in conjunction.

A further benefit of the FAR and VFS management practices is that they address different
areas and complement each other well, providing together a broad reduction of nutrient loading
classes. Additionally these management practices are quite feasible, both logistically and
economically, and can probably be deployed to a reasonable extent throughout the South Nation

watershed,



74

Unfortunately however, none of the individual or aggregate management practices provide
a major improvement in measurable water quality over the course of the year. While it is true
that many of the scenarios do substantially reduce annual loadings, the degree of stress states and
water standard violations predicted under the new management scenarios do improve only
slightly throughout the year. The enhancement in quality conditions is generally small overall

and not sufficient to upgrade the water quality class by any measurable amount.

It is therefore the conclusion of this thesis that these best management tools should be
made available and encouraged throughout the watershed, due to the relatively low cost and
substantial reductions in pollutant loadings they can provide. However they must not be seen as a
panacea, and must be considered only partial solutions to integrated watershed management

issues. To attain stream provincial standards reduction of agricultural activity is implied.

7.3 RECOMMENDATIONS FOR FUTURE WORK

7.3.1 TECHNICAL

As mentioned previously, a major limitation of the modeling presented in this thesis was
the greatly simplified manner in which subsurface flow regimés were handled. A substantial
improvement in prediction of local water resource behavior throughout the watershed could

likely be attained through use of a subsurface transport package such as MODFLOW.

An additional improvement on this work would be to consider a variety of spatial
configurations for management practice implementations. The source accounting capabilities of
AnnAGNPS could be coupled with a genetic algorithm similar to that used in the calibration

phase to examine optimal cost-benefit allocation for a variety of BMP implementation scenarios.

7.3.2 DATA REQUIREMENTS

As for all but the most fortunate watershed studies, the available data sources were less
than ideal. The ‘soft’ data sources included, in particular, specific information regarding farmer
behavior throughout regions of the watershed. Additionally, standardized measurements and
practices at locations throughout the watershed would eliminate some of the variation and
uncertainty encountered in the model creation phase, and provide a better understanding of local

and overall phenomena.
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7.3.3 BMP INVESTIGATION AND IMPLEMENTATION

As noted in the study conclusions, BMPs in general, and certain key ones in particular, are
a viable component of integrated watershed management plans. Providing educational and
decision support tools to encourage and simplify the use of these tools by shareholders
throughout the watershed would conceivably present several major benefits. Consider, for
instance, the likely benefits of the widespread encouragement and implementation of nutrient
management plans would provide, in addition to the social benefit of improved water quality.
Firstly, participant farmers would provide commitment to improving their understanding and
appreciation of issues relevant to themselves and the entire watershed, thereby increasing the
sense of interaction and cooperation in the South Nation. Participants would also present a
valuable source of the very data types sought after in Section 7.3.2, through the use of
communication tools such as surveys. The rewards for participants are equally aftractive, as
access to current information and recommendations for management practices could enable
farmers to intelligently assess potential costs and benefits of a variety of administration

scenarios.
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APPENDIX A: QUALITY ASSURANCE
CONFIGURATION C

A.1. PURPOSE
The policies and practice listed here are designed to minimize the risks of errors in
calculation and data manipulation tasks, to ensure that the solution and results are of the highest

quality and that the methodologies are consistent.

Analyses performed by hand or with custom tools are not exempt from the quality
requirements specified here. However, for those cases, the analyst often has a better grasp and
control over the limitations, assumptions and methodology than when using complex computer
codes. Calculations and tasks routinely performed with well established or previously developed
computer codes present a particular challenge because these codes are highly complex, may be
supplied by an external source, and are designed to work for a specific range of problems.
Complacency and over-confidence in the codes may lead to erroneous results. The policies and

practices here should help to ensure that the results are consistently of the highest quality.

A.2. SOURCE CODE QUALITY ASSURANCE REQUIREMENTS

A configuration control system must be in place to track version changes in the source
code. Each version of the source code must be assigned a unique version number. Previously
tested and “known-good” versions of source are to be archived and retrievable. The changes

between two versions of the code must be documented.

If the source of the program, the compiler, or the operating system is modified or
upgraded, the quality assurance (QA) qualification process must be repeated to verify the
validity of the program. Additionally, programs acquired through third parties must be verified

‘in-house’ before being QA qualified.

A3. PROGRAM TESTING

In order for a program to pass the QA qualification process, it must pass a series of test
problems. The test problems are conducted, and must be run to completion without crashing. The
results of the test problems are then extensively compared to a previously known good solution.

Any discrepancies or anomalies (precision or round-off errors, for example) must be documented
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and explained. Upon passing qualification, the date, size and version of the source code and
executable files must be recorded.

The AmnAGNPS 2.0lc package used was obtained from the USDA website at

hitp://www.sedlab.clemiss.edu/agnps.html. The code was then verified by running the example

cases provided, the “Beaver Creek” and “Mission Creek” data files, and comparing the outputs
with the shipped results. The output files were identical to the reference results for both cases,

and so the system was deemed tested and known-good.

The utilities constructed were tested extensively against data entered and processed
manually, so as to ensure proper behavior. Additionally, diagnostic runs were conducted with
variable tracking (‘debugging’) tools to ensure that data were being loaded, handled, and
outputted as desired. Backups of all ‘good’ versions were made, and any new features or
modifications from a tested version were handled according to the configuration control

procedure (described under Section A.4).

A4. CONFIGURATION CONTROL

The latest QA qualified version of a given program should be under the
“\ProgramName\current\” directory. Previously known good versions are archived under
“\ProgramName\Old versions\” as zip files bearing the version name. Versions pending QA
qualification are placed under the “\ProgramName\pending\versionanme\” folder. All files

should be regularly backed up to a writable CD or similar “read-only” storage.



APPEN

B.1. INTRODUCTION

Metadata records are listed in this appendix for all of the geospatial data used in this study. As
previously mentioned, the work relies heavily on the prior EOWRMS report listed under the
references. Additional information on many of these data layers is available from the EOWRMS

report and its authors.

B.2. METADATA RECORDS

Dataset name: ca_watershed

Type of data: major waiersheds

Metadata record: D. Branson

Pubdate: 20010331

Publish: GeoSolutions Consulting inc.

Abstract: This cover displays the extents of the watersheds used to define the extents of

the South Nation, Raisin Region, and Rideau Valley Conservation Authorities.
It was digitized from linework drawn onto 1:50k NTS maps by Conservation

Authority staff.
Supplinf: This data set is compiied from 1:50,000 NTS
Scale: 1:50,000
Begdate: 19991201
Enddate: 20010330
Westbc: 420000
Eastbc: 550000
Northbe: 5055000
Southbec: 4940000
Native: -
Procdesc: -
Procdate: -
Direct: polygon
Gridsysn: Universal Transverse Mercator
Utmzone: 18
Horizdn: North American Datum of 1927
Metd: 20010327

Bataset name: study area
Type of data: Boundary
Metadata record: DB Gleig May 24, 2000

Pubdate: PPN
Pubtish: MNR
Abstract: This cover marks the outside boundary of the study area. it is based on the

county and tfownship boundaries.



Supplint:

Scale:
Begdate:
Enddate:
Westbc:
Eastbe:
Morthbe:
Southbe:
Native:

Procdesc:

Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:

Metadata record:

Pubdate:
Publish:
Abstract:

Supplinf:

Scale:
Begdate:
Enddate:
Westbe:
Eastbe:
Morthbe:
Southbe:
Native:

Procdese:

This cover was created by dissolving the counties of a clipped OBM county
coverage.

1:10000

?

present

421337

551535

5054180

4940274

ARC/INFO v7 for HP UNIX. On the hp260 at /home/guelph/gis-
data/cadastral/boundary

Original tolerances are unknown, however this coverage was clipped and built
with no adjustment of the orignals.

19890201

Polygon

Universal Transverse Mercator

18

North American Datum of 1827

19990305

landcover_aug98

Land Cover

D. Sherman 07/02/01

19991223

AAFC

The dataset is a landcover classification of eastern Ontario from August 1998
Landsat imagery.

Classification accuracy is ~87%. Individual field crops were not classified due
to accuracy and concerns with the training sites. Urban areas were digitized on
screen, forests and wetlands were identified by on screen digitizing of training
sites and a MLC. Agricultural areas were classified using an unsupervised
classification and an iterative process to break the clusters. The classification
results were then combined and exported {0 a vector format. This cover is also
available in a generalized format at the scale of 1:50k.

?77?

19980501

18991223

379439

551520

5054180

4906127

ARC/INFO v7 for HP UNIX. On the hp260 at /nome/guelph/gis-
data/Landcov/landcover_aurg8g

The data was georeferenced and orthorectified. Then it was classified using a
combination of supervised and unsupervised MLC and ISOCLUS technigues.
Classification was done in PCl, then the data was exported to GRID and then
was converted {0 a polygon coverage in Arclnfo. The original Landsat imagery
excluded Leeds. A separaie classification was performed on Leeds with the



Procdate:
Direct:
Gridsysn:
Utmzone:
Horlzdn:
Metd:

Dataset name:
Type of data:

Dataset name:
Type of data:
Metadata record:
Pubdate:
Publish:
Abstract:
Supplinf:

Scale:
Begdate:
Enddate:
Westbe:
Eastbe:
pNorthbc:
Southbe:
Native:
Procdesc:
Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:

Dataset name:
Type of data:
Metadata record:
Pubdate:
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same aforementioned methodology but with 1989 imagery. This classification
was then merged with the rest of the study area.

19891223

polygoen

Universal Transverse Mercator

18

North American Datum of 1827

20000312

forests
MNR Forestry

soils

Soils maps

D. Sherman 07/02/01

20000929

AAFC

This cover details the soils of the study area.

Boundary correlations were made between PR and SD&G. Vital attribute
information consists of items Soilsym, Slpsym, sip-st, and Clisym. The CLI
system is explained online at
"http://res.agr.ca/CANSIS/NSDB/CLI/_overview.htmi”. The other fields will be
described online soon at "hitp://res.agr.ca/CANSIS/ontario".

1:50000

?

present

424967

551488

5054185

4960788

ARC/INFO v7 for HP UNIX. On the hp260 at /home/guelph/gis-data/sic/sic
Original tolerances are unknown and modifications are still in progress.
Not complete

polygon

Universal Transverse Mercator

18

North American Datum of 1927

20000929

OniSNF, Ont SLF
Soil Characteristics

walerlines
surface drainage network

D. Sherman 07/02/01
2RIV



Publish:
Abstract:
Supplinf:
Scale:
Begdate:
Enddate:
Westhbo:
Eastbe:
Morthbe:
Southbe:
Native:

Procdesc:

Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:
Metadata record:
Pubdate:
Publish:
Abstract:
Supplint:
Scale:
Begdate:
Enddate:
Westbc:
Eastbc:
Northbe:
Southbe:
Native:

Procdesc:

Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:
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MNR

This cover details rivers and streams throughout the study area.
MNR-codes 104-105 specify river/stireams.

1:10000

?

present

422800

551488

5053937

4940299

ARC/INFO v7 for HP UNIX. On the hp260 at /home/guelph/gis-
data/hydro/waterline

Original tolerances are unknown, however this coverage was clipped and buiit
with no adjustment of the orignals.

19980201

vector

Universal Transverse Mercator

18

North American Datum of 1927

19991012

waterpoly
surface drainage network

D. Sherman 07/02/01
29797777

MNR

This cover details bodies of water throughout the study area.
Contains "pinched” river polygons. MNR-code 64 specifies lakes .
1:10000

?

present

423028

551289

5054123

4940584

ARC/INFO v7 for HP UNIX. On the hp260 at /home/guelph/gis-
data/hydro/waterpoly

Original tolerances are unknown, however this coverage was clipped and built
with no adjustment of the orignals.

19890201

polygon

Universal Transverse Mercator

18

North American Datum of 1927

19991012

DEM25
DEM



86

Metadata record: DB Cleig May 24 2000

Pubdate: 19990805

Publish: MNR

Abstract: This cover shows elevation for the study area. It is missing Otiawa-Carleton

Supplinf: This cover was created by clipping & coverage which included leeds and
excluded Ottawa-Carleton .

Scale: 1:10000

Begdate: 19990877

Enddate: present

Westbe: 421337

Eastbe: 551537

Northbc: 4940262

Southbec: 5054162

Native: ARC/INFO v7 for HP UNIX. On the hp260 at /home/guelph/gis-
data/dem/dem25

Procdesc: Original tolerances are unknown; however, this coverage was clipped and built
with no adjustment of the orignalis.

Procdate: not complete

Direct: DEM

Gridsysn:

Utmzone: 18

Horizdn: North American Datum of 1927

Metd: 19991012

Dataset name: subwatershed

Type of data: surface subwatersheds

Metadata record: D. Branson

Pubdate: 20010331

Publish: GeoSolutions Consulting Inc.

Abstract: This cover depicts the subwatersheds of eastern Ontario. It was derived using

the hydro extension for ArcView Spatial Analyst. The parameters for the
minimum watershed size were set o obtain a level of detail suitable for
regional analysis. This resulted in a total of approximately 200 subwatershed
for the study area. This number was reduced o 180 through aggregating very
smali subwatersheds with larger upstream neighbours and aggregating
subwatershed along the shoreline of the Ottawa and St. Lawrence Rivers.

Supplinf: The DEM used to compile this data was derived from OBM data.
Scale: 1:10,000
Begdate: 19891201
Enddate: 20010330
Westhe: 420000
Eastbe: 550000
Northbec: 5055000
Southbe: 4940000
Mative:

Procdesc:

Procdate:

Direct: DEM

Gridsysn: Universal Transverse Mercator



Utmzone:
Horizdn:
Metd:

Dataset namae:
Type of data:
Metadata record:
Pubdate:
Publish:
Abstract:

Supplint:

Scale:
Begdate:
Enddate:
Westbce:
Eastbe:
Northbce:
Southbe:
Mative:
Procdesc:
Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:
Metadata recorg:
Pubdate:
Pubtish:
Abstract:

Supplint:

Scale;
Begdate:
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18
North American Datum of 1927
20010327

log_netgwfiux_discharge?Z
groundwater discharge areas
CH2ZM Hill metadata v2
20010331

CH2MHiH

This cover shows areas of groundwater discharge. Uses DEM and Water Well
Records. Areas of groundwater discharge occur where the waler levels in the
lower overburden aquifer are greater than the ground surface. The magnitude
of the discharge is presented as logarithm of the Darcy Flux {(q) in
metres/second. Where log g is < -10.5 recharge from in the water budget is
reduced by 0%. where log g > -10.5 and < -9.76 recharge is reduced by 25%.
Where log q >-9.76 and < -8.54 recharged is reduced by 50%. Wherelogg > -
8.54 and < -7.71 recharge is reduced by 75%. Where log q > -7.71 recharge is

reduced by 100%.

Please see EOWRMS report for description of how componentis of Darcy Flux

g were estimated and calculated
n/a

20000101

20010331

420000

550000

5055000

4940000

Maplnfo6.0 TAB

Universal Transverse Mercator
18

North American Datum of 1927
20010329

Stream Gauges
streamflow

CG&S metadata vi
1989

Various consuliants

Data from stream gauges presently in use within the South Nation Watershed
monitoring water levels and flow. Rainfall gauges are monitored at selected

stream gauge stations.

Stations are located on the Scuth Nation River, Castlor River, Bear Brook,
North Branch of SNR, Wesi Branch Scotch River, and South Branch SNR,

n/a
1805



Enddate:
Westbc:
Eastbe:
Northbe:
Southbe:
Mative:
Procdesc:
Procdate:
Direct:
Gridsysn:
Utmzone:
Horizdn:
Metd:

Dataset name:
Type of data:
Metadata record:
Pubdate:
Publish:
Abstract:
Supplinf:

Scale:
Begdate:
Enddate:
Westbc:
Eastbe:
Northbe:
Southbe:
Native:
Procdesc:
Procdate:
Direct:
Gridsysn:
Utmzone:
Horlzdn:
Metd:

Dataset name:
Type of data:
Metadats record:
Pubdate:
Publish:
Abstract:

Supplinf:
Scale:
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1999

420000

550000

5055000

4940000

Access 97

Data entered as collected/uploaded
Not Complete

Point

Universal Transverse Mercator
18

North American Datum of 1927
1999

WSC Streamfiow Data

Water survey of Canada

CH2MHILL

2000

Environment Canada, Water Survey Division

These data include monthly mean flows, daily mean flows, as well as daily
mean and instantaneous extreme flows for the historical record

various

various

420000

550000

5055000

4940000

Excel

Data used as provided from source, unverified
Unknown

Paoint

18

20010231

City of Ottawa water quality data

waier quality

CH2MHILL

2001

City of Cttawa, Water Quality Program

The City of Ottawa maintains a series of stations that collect water for ambient
water quality analysis. Data in this series are from the portion of the South
Nation watershed that is in the City of Ottawa.

Accuracy of the date has not been verified by the consuliant.

n/a
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Begdate: 1983
Enddate: 1988
Westbc: 420000
Eastbe: 550000
Northbe: 5055000
Southbe: 4940000
Native: Excsl
Procdesc: Dats used as provided from source, unverified
Procdate: Unknown
Direct: Point
Gridsysn:

Utmzone: 18
Horizdn:

Metd: 20010231

Dataset name: Summarized TP and Ammonia Data
Type of data: PWQOMN
Metadata record: CG&S metadata vi

Pubdate: 1998
Publish: Ontario Ministry of the Environment
Abstract: The Ministry of Environment operates a network of stations to collect ambient

water quality data from rivers and streams throughout Ontario. This network
has operated since 1964 and water quality information at more than 1900
locations exist. The period of record varies for each site, with some sites have
only a few years of historic data while others have substantial data time series
spanning many years. Data for Prescott, Russell, Stormont, Glengarry, and
Dundas are readily available upon request.

" ‘Supplint: Sampling frequencies vary from 8 {0 12 times per year at each location. The
data is intended for the sole use of the client and the MOE remains the owner
of the data.

Scale: n/a

Begdate: 1964

Enddate: 1998

Westhe: 420000

Eastbe: 550000

Northbe: 5055000

Southbe: 4940000

Native: LIS digital database

Procdesc: Data entered as reporied by laboratory
Procdate: 1897

Direct: Point

Gridsysn: Universal Transverse Mercator
Utmzone: 18

Horizdn: North American Datum of 1927
Metd: 1998

Dataset name: Water Use Estimales
Type of data: roundwater and Surface Demand
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Metadata record: CHZMHILL

Pubdate: 20010331

Publish: nfa

Abstract: This spreadsheet provides estimates of water demand (surface and
groundwater sources) from municipal, private, industrial and agricultural users.

Supplin Data were derived from varicus sources.

Scale: nfa

Begdate: 2000

Enddate: 2000

Westbe: 420000

Eastbc: 550000

Northbc: 5055000

Southbe: 4840000

Native: MS Excel

Procdesc: Described in project report

Procdate: 20001031

Direct: non-spatial

Gridsysn: n/a

Utmzone: 18

Horizdn: nfa

Metd: 20010306

Dataset name: groundwater_watersheds

Type of data: groundwater subwatersheds

Metadata record: CH2M Hill metadata v2

Pubdate: 20010331

Publish: CH2MHill

Abstract: This cover presenis the groundwater watersheds delineated using a map of

the piezometric surface of the contact zone aquifer in Eastern Ontario. Uses
Water Well Records and piezometric surface derived from reported static
water levels. Contact Zone Aquifer consists of the first 10 metres of bedrock
and any sand and gravel that directly overlies the bedrock.

Supplinf: Please see EOWRMS report for description of specific criteria used to
delineate these areas.

Scale: n/a

Begdate: 20000101

Enddate: 20010331

Westbeo: 420000

Eastbe: 550000

Northbe: 5055000

Southbe: 4940000

WNative: Mapinfo8.0 TAB

Procdesc:

Procdate:

Direct:

Gridsysn: Universal Transverse Mercaior

Utmzone: 18

Horizdn: na

Metd: 20010328
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B.5. SOIL DATA
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Figure 4: EOWRMS Soil type data used as spatial delineation of soil types for

AnnAGMPS watershed model






B.J3. TOCPOGRAPHY DATA

elineation

hed d

£I8

gure 2: Topographic data used for South Nation wat

Fi



B.4. LANDUSE DATA
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Figure 3: EOWRMS Land use data used as input for Ann AGNPS watershed model
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Table B1: Soil Series in the South Nation Watershed™”

Total Area of Seil in

Fraction of Tota!

Allendale
insville

Belmeade
Botiom Land
Carp
_ Cast

Eroded Channels
Farmington
Granb

Kars
L'Achigan
Lyons
Manotick
Marionvi

Morrisburg
Moutain

Osnabruck

Ste. Rosalie
St. Samuel
St. Thomas
Uplands
Vars
Wendover
Wolford

8200
7400
100
48400
7300
41200
10700
1335600

Soil Series South Nation Area
Watershed {ac) {%)
34200 2.56086468

1.4525306¢88
0.748727164

0.524100015
1.123090746

2.493261456
0.232105421
0.336927224
0.104821803

0.988319856

0.965858041

0.613956274
0.554058101
0.07487272
3.623839473
0.54657083
3.084755915
0.801138065
100

! Compfled from Matthews et al., 1954, Matthews et al., 1952; Maithews et al.,
1957; and Wickiund et al., 1862.
? polded series were selected and allocated to EOWRMS texture types for the

model.
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B.6. CROP MANAGEMENT DATA ‘
Table B2: Agricultural practices within the South Nation watershed'

Commercial Manure (ha)
Municipality Irrigation (ha) | Fertilizer (ha) Solid spreader Liguid spreader
Witliamsburgh 0 4824 974 444
Matilda 17 8388 1507 690
Mountain 262 10005 1448 796
Winchester 0 11899 2172 1212
Finch 0 10532 1313 827
Roxborough 53 6000 870 1140
Caledonia 201 6456 1155 659
Alfred 0 4139 1027 530
South Plantagenet 0 7261 1265 1607
North Plantagenet 376 3437 1007 557
Clarence 88 4665 925 892
Cambridge 122 6893 1029 1163
Russell 136 8442 749 1319
Osgoode 292 10239 1562 689
Cumberland 65 6291 1432 1368
Edwardsburgh 9 3427 1191 401
Augusta 22 2800 1299 99
Cornwall * 0 2151 539 254
Osnabruck * 0 2815 1263 127
Kenyon ’ 229 4838 1161 ‘ 808
Lochiel * 109 6250 1814 754
West Hawkesbury * 0 2492 6006 259
Longueuil ’ 0 2403 409 603
Gloucester * 219 2323 455 0
Elizabethtown 13 2934 1624 349
Oxford-on-Rideau ’ 29 2746 951 214
South Gower’ 2 1130 288 0

! Adapted from Statistics Canada, 1997.

* These townships border or are caly partially in the watershed.
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Table B3: Nutrient Analysis of Beef, Dairy and Swine Manures’

Animal Total N P205 K20
Dairy
Solid fkg 1000 kgs}
Cows 55 3.5 4.5
Heifers 8.5 8.0 8.5
Liguid {kg/1000 litres)
Anaerobic storage 42.9 25.8 46.4
Beef
Solid (kg 1000 kgs}
Cows 7.5 5.0 4.5
Steers 7.0 4.5 7.0
Swine
Solid (kg/1000 kgs)
Gestation 11.0 13.5 7.0
Finishing 11.0 11.0 8.5
Liquid (kg/1000 L)
Farrowing 46.4 45.4 258
Nursery 58.4 42.9 30.9
Gestation 68.7 72.1 308
Finishing 91.0 67.0 49.8

' Adapted from Minnesota Department of Agricultare, 1999,

Table B4: Soybean Cultivation Defaults'

Date

Operation

25-May

Planter; sirip till

1-Jul Fertilize 9.8 kgha P

25-Jul Fertilize 9.8 kg/ha P

22-Sep

Harvest

! Adapted from Suttles et al., 2001.
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Table B5: Corn Cultivation Defaults’

Date Operation
15-Mar Fertilize 168 kg/ha 10-34-0
Fertilize 176 kg/ha 10-34-0,
18-Mar plant corn w/ conventional tillage
1-May Fertilize 89.7 kg/ha 20-0-20
19-May Fertilize 127.9 kg/ha 28-0-0
1-Aug Harvest
' Adapted from Sutiles et ai., 2001.
Table B6: Grain Cultivation Defaults'
Date Operation
15-Mar Fertilize 168 kg/ha 10-34-0
Fertilize 176 kg/ha 10-34-0,
18-Mar plant grains conventional tillage
1-May Fertilize 89.7 kg/ha 20-0-20
19-May Fertilize 127.9 kg/ha 28-0-0
1-Aug Harvest

' Adapted from Suitles et al., 2001.

Table B7: Pasture Cultivation Defaults'

Date Operation

1-Jun Fertilize 336 kg/ha 10-10-10

8-Jul Fertilize 336 kg/ha 10-10-10
15-Aug Fertilize 336 kg/ha 10-10-10
22-Sep Fertilize 336 kg/ha 10-10-10
29-Oct Fertilize 336 kg/ha 10-10-10

! Adapted from Suttles et al., 2001.
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B.I. LIVESTOCK DATA
Table B8: Number of Sheep by County, July 1, 2001’
Rams Sheep Lambs | Total Sheep &
County 19 Ewes & Wethers (> yr) >1ye) (<1 yr) Lambs
Frontenac 100 1,650 1,750 1,750 3,500
County
Lanark County | 150 3,150 3,300 3,200 6,550
Leeds and
Grenville 250 5,000 5250 | 4,400 9,650
United
Counties
Lennox and
Addington 150 4,200 4,350 2,950 7,300
County
Ottawa 250 2,750 3,000 | 2,350 5,400
Division
Prescott and
Russell United | 100 2,200 2,300 2,050 4,350
Counties
Renfrew 100 1,950 2,050 2,100 4,150
County
Stormont,
Dundas and 200 4,650 4,850 4,200 9,050
Glengarry
Counties
Eastern
Ontario 1,300 25,600 26,900 | 23,050 49,900
Region

* After Cumming, 2002.
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Table BY: Number of Pigs by County, July 1, 2001’

Al other plgs
Sows &
Boars
Counties & Districts |Bred Glits (6 | <45 ihbs |45-130ibs | »130lbs | Tolal [Tolal Pigs
>6 mo.
{>6 mo.}
Lanark County
Leeds and Grenville
2,600 50 1,800 1,650 1,400 4,800 7,500
United Counties
Lennox and Addington
2,000 150 5,500 3,200 3,300 11,300 | 13,450
County
Ottawa Division 800 50 2,350 2,600 2,250 7,150 8,000
Prescott and Russell
2,400 50 3,300 6,850 6,000 15,450 | 17,950
United Counties
Renfrew County
Stormont, Dundas and
2,800 100 7,150 7,200 6,300 20,700 | 23,700
Glengarry Counties
Eastern Ontario Region| 12,300 450 25,050 24,550 21,500 | 71,550 | 84,350

' After Cumming, 2002.
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Table B10: Number of Cattle by County, July 1, 2001’

Bulls Dairy Dailry Beef Heifers | Beef Heifers Steers | Caives
County c Heifers | Beef Cows | for Breeding | for Slaughter Total Catile
oWS
¢1y0 G 1y0) Eiyy | piyg STV TV
Frontenac 450 4,450 2,800 8,150 1,550 400 950 8,350 28,550
Lanark 550 3,850 2,450 10,150 2,050 1,000 2,000 9,750 31,650
Leeds and
Grenville 900 11,050 6,450 10,150 2,700 450 1,800 | 13,300 46,400
United
Lennox and
350 3,850 2,150 8,900 1,500 500 1,550 8,200 24,950
Addington
Ottawa
550 13,700 8,600 8,350 2,400 850 2,000 | 12,850 48,900
Division
Prescott and
600 26,550 | 12,650 5,350 1,350 550 900 14,500 61,850
Russel! United
Renfrew 1,200 7,000 3,450 22,900 4,400 2,100 3,900 | 22,400 66,800
Stormont,
Dundas and 850 33,250 | 16,300 9,500 2,750 1,700 2,000 | 27,250 92,650
Glengarry
Eastern
Ontario 5,550 | 103,800 | 54,650 81,550 18,650 7,550 15,050 | 116,600 399,700
Region
' Afier Cumming

Table B11: Per Animal Daily Manure Production and Nutrients'

Animal Manure " Fae? o)

(kg) | (k@) | (kg) | (ka)

Besf (1000 27.2 0.15 0.11 0.13
ibs)

Dairy (1400 522 0.26 0.11 0.21
ibs)

SW'?;S§2°° 59 | 0041 | 0032 | 0.032
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! Adapted from Minnesota Department of Agriculiure, 1999,



C.1. CASE MATRIX
Table C1: Case Matrix of Watershed Model Runs

Run BMP Climate | Run BMP Climate
L[] implemented Scenario | 1D implemesnted Scenario
4 BASE CASE 1 67 1/2 Stream Access 4
2 FAR = 50% 1 68 2/3 Stream Access 4
3 FAR = 80% 1 69 3/4 Stream Access 4
4 FAR=70% 1 70 75% Reduced Tillage 4
5 FAR = 80% 1 71 50% Reduced Tillage 4
8 FAR = 90% 1 72 25% Reduced Tillage 4
7 VFS=3m 1 73 BASE CASE 5
8 VFS =6 m 1 74 FAR = 50% 5
9 VFS=9m 1 75 FAR = 60% 5
10 VFS=12m 1 76 FAR =70% 5
11 No Stream Access 1 77 FAR = 80% 5
12 1/3 Stream Access 1 78 FAR = 90% 5
13 1/2 Stream Access 1 79 VFS=3m 5
14 2/3 Stream Access 1 80 VFS=6m 5
15 3/4 Stream Access 1 81 VFS=9m 5
16 75% Reduced Tillage 1 82 VES =12 m 5
17 50% Reduced Tillage 1 83 No Stream Access 5
18 25% Reduced Tillage 1 84 1/3 Stream Access 5
19 BASE CASE 2 85 1/2 Stream Access 5
20 FAR = 50% 2 86 2/3 Stream Access 5
21 FAR = 60% 2 87 3/4 Stream Access 5
22 FAR=70% 2 88 75% Reduced Tillage 5
23 FAR = 80% 2 89 50% Reduced Tillage 5
24 FAR = 90% 2 90 25% Reduced Tillage 5
25 VES=3m 2 91 BASE CASE ]
26 VFS=6m 2 92 FAR = 50% 8
27 VFS=9m 2 93 FAR = 80% 8
28 VF8 =12 m 2 94 FAR =70% 8
29 No Stream Access 2 95 FAR = 80% 8
30 1/3 Siream Access 2 96 FAR = 90% 8
31 1/2 Stream Access 2 97 VFS8=3m 6
32 2/3 Stream Access 2 98 VFS=6m 6
33 3/4 Stream Access 2 99 VFS =8 m 8
34 75% Reduced Tillage 2 100 VFS=12m 8
35 50% Reduced Tillage 2 101 No Stream Access g
36 25% Reduced Tillage 2 102 1/3 Stream Access 8
37 BASE CASE 3 103 1/2 Strearmn Access 8
38 FAR = 50% 3 104 213 Stream Access 8
39 FAR = 860% 3 105 3/4 Siream Access 5]
40 FAR=70% 3 106 | 75% Reduced Tillage 4]
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44 FAR = B0% 3 107 | 50% Reduced TiHiags ©
42 FAR = 90% 3 108 | 25% Reduced Tillage 8
43 VFS=3m 3 108 Best of all BMPS 1
44 VFS=8m 3 110 Typical BMPs 1
45 VFS=8m 3 111 | Bestof FAR and VFS 1
48 VFS=12m 3 112 | Typical FAR and VFS 1
47 No Stream Access 3 113 Best of all BMPS 2
48 1/3 Stream Access 3 114 Typical BMPs 2
49 1/2 Stream Access 3 115 | Bestof FAR and VFS 2
50 2/3 Stream Access 3 116 | Typical FAR and VFS 2
51 3/4 Stream Access 3 117 Best of all BMPS 3
52 75% Reduced Tillage 3 118 Typical BMPs 3
53 50% Reduced Tillage 3 118 | Bestof FAR and VFS 3
54 25% Reduced Tillage 3 120 | Typical FAR and VFS 3
55 BASE CASE 4 121 Best of all BMPS 4
58 FAR = 50% 4 122 Typical BMPs 4
57 FAR = 860% 4 123 | Bestof FAR and VFS 4
58 FAR =70% 4 124 | Typical FAR and VFS 4
59 FAR = 80% 4 125 Best of all BMPS 5
60 FAR = 90% 4 126 Typical BMPs 5
61 VFS=3m 4 127 | Bestof FAR and VFS 5
62 VFS=6m 4 128 | Typical FAR and VFS 5
63 VFS=9m 4 129 Best of all BMPS 8
64 VFS =12 m 4 130 Typical BMPs 6
65 No Stream Access 4 131 | Bestof FAR and VFS 8
66 1/3 Stream Access 4 132 | Typical FAR and VFS 6
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C.2. REACH NETWORK PARAMETERS

AgFlow Version 2.02: 09/21/00: AnnAGNPS cell, reach, & subarea data from DEM-related
parameters

SOUTH NATION WATERSHED

Code 1: 200 & 500 Code 2: 26 & 200 Code 3: 10 & 100 Code 4: 10 & 50

Using default values for LS-factor parameters

Reach | Rec. Drain. | Avg. Channel Contributing Ceil’s Reach
D Reach | Area Elev. | Length | Slope D D
1238 1Y) {ha} {m) {m} {mim) | Source | Left Right
1 1 3843311 408 0 1E-05 | WATER 1
SHED
QUTLET
2 1 384331 | 40.8 3639 0.002 none | 22 23 2
3 2 3834681 416 1178 1E-05 none 32 33 3
4 3 382177 | 41.6 1487 1E-05 none 42 43 4
5 4 381478 | 416 833 1E-05 none 52 53 5
8 5 203 416 1207 0.025 61 62 83 8
7 5 381244 1 41.6 962 1E-05 none 72 73 7
8 7 175 41.8 1345 { 0.0205 81 82 83 8
9 7 3807711 418 1490 1E-05 none 92 93 9
10 9 378789 | 4186 754 0.013 none 102 103 10
11 10 177.25 | 4286 1199 0.021 111 112 113 11
12 10 378574 | 426 2739 0.006 none 122 123 12
13 12 375 44.3 3409 | 0.0106 131 132 133 13
14 12 377848 | 443 562 1E-05 none 142 143 14
15 14 329 44.3 3397 0.09 151 152 153 15
16 14 377357 | 44.3 3480 0.002 none 162 163 16
17 16 1793.3 45 2194 0.021 none 172 173 17
18 17 31825 49.6 1275 | 0.018 181 182 183 18
19 17 1170.8 | 49.6 8949 0.037 191 192 193 19
20 16 375136 45 71 1E-05 none 202 none 20
21 20° | 374274 45 1962 1E-05 none 212 213 21
22 21 373555 45 | 1004 1E-05 none 222 223 22
23 22 5917.3 45 3159 0.018 none 232 233 23
24 23 444.5 50.1 1711 1E-05 none 242 243 24
25 24 149.75 | 50.1 12186 0.003 251 252 2583 25
26 24 152.25 | 50.1 1187 1E-05 261 262 263 26
27 23 5071.5 | 50.1 978 1E-05 none | 272 273 27
28 27 741.25 | 50.1 5629 0.031 281 282 283 28
29 27 42983 | 50.1 1799 | 1E-05 none 292 283 28
30 29 320.25 | 50.1 1245 0.01 301 302 303 30
31 29 3595.5 | 50.1 783 0.001 nong 312 313 31
32 31 32288 | 50.2 3032 1E-05 none 322 323 32
33 32 21073 | 50.2 1707 0.007 none 332 333 33
34 33 37525 | 514 1812 0.02 341 342 343 34
35 33 1541 514 3147 0.016 none 352 353 35
36 35 966.25 | 56.5 3006 0.027 none 362 383 36
37 36 25225 | 645 2182 0.003 371 372 373 37
38 36 326.75 | 645 2128 0.02 381 382 383 38
39 35 189.5 56.5 1187 8E-05 381 392 383 39
40 32 31825 1 50.2 2502 0.027 401 402 403 40
1 31 338.25 | 50.2 2514 0.015 411 412 413 41
42 22 367581 45 3589 1E-05 none 422 423 42
43 42 13428 45 1187 0.024 none 432 433 43
44 43 13290.8 | 47.8 2227 0.006 none 442 443 44
45 44 849.5 49.1 2782 0.005 nong 452 453 45
48 45 2375 50.4 1728 0.008 461 482 463 48
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47 45 218.25 | 50.4 2847 0.013 471 472 473 47

48 44 284.75 | 4841 2382 0.014 | 481 482 483 48

45 43 11911 47.8 554 1E-05 none 492 483 43

50 49 5669.8 | 47.8 4225 0.003 none 502 503 50

51 50 4804.5 49 262 1E-05 none 512 513 51

52 51 261.5 49 1282 1E-05 | 521 522 523 52
83 51 4521.8 49 7231 0.011 none 532 533 53
54 53 999.25 | 56.8 825 0.069 nong 542 543 54
55 54 530.5 80.9 3756 0.013 551 552 553 55
56 54 448.5 860.9 5637 0.014 561 562 563 56
57 53 2498 56.6 1116 0.025 nong 572 573 57
58 57 311.25 | 584 2028 0.03 581 582 583 58
59 57 1801 58.4 1923 0.018 none 592 593 59
80 59 21225 | 63.1 1882 6.047 601 602 603 60
81 59 1460 63.1 3028 0.014 none 612 613 81

62 61 254 67.3 1545 0.007 621 622 523 62
63 81 1089.8 | 67.3 7564 0.02 631 632 633 63
64 50 164.75 49 1395 0.042 641 642 643 64
65 49 6223.3 | 47.8 9200 0.015 nong 652 653 65
66 85 5197.3 | 61.1 462 1E-05 | none 662 663 66
87 66 48785 | 611 3577 0.005 none 672 673 87
68 67 39738 | 628 562 1E-05 none 682 683 68
69 68 851.25 | 62.8 1769 0.01 none 692 693 69
70 69 221251 64.6 1637 0.003 701 702 703 70
71 69 518.75 | 646 3223 0.003 711 712 713 71

72 68 3036 62.8 804 0.024 none 722 723 72
73 72 1460.5 | 64.7 1092 0.004 none 732 733 73
74 73 346.75 | 65.1 5046 0.024 741 742 743 74
75 73 1058.8 | 65.1 2111 0.004 none 752 753 75
76 75 689.5 66 3214 0.039 none 762 763 76
77 76 185.75 | 784 1225 0.057 771 772 773 77
78 76 213.256 | 784 1519 0.027 781 782 783 78
79 75 283 66 1587 0.03¢ 791 792 793 79
80 72 1551.3 | 64.7 4884 0.028 none 802 803 80
81 80 808.75 79 362 0.022 | none 812 813 81

82 81 305 79.8 2923 0.041 821 822 823 82
83 81 | 488.75 | 79.8 4404 0.028 831 832 833 83
84 80 163.26 79 1649 0.026 841 842 843 84
85 67 39175 | 628 2419 0.008 851 852 853 85
86 66 297.25 | 6141 1528 0.012 861 862 863 86
87 65 469 61.1 3264 0.009 871 872 873 87
88 42 353542 45 3177 0.006 none 882 883 88
89 38 352614 | 46.8 804 1E-08 none 892 893 89
90 89 27440 46.8 5187 0.01 none 902 203 90
91 90 26699 51.9 1307 0.011 none 912 913 91

92 91 26415 1 533 842 0.018 none 922 923 92
93 92 247.25 | 54.5 1307 0.078 931 932 933 93
04 92 2373.5 | 545 5517 0.014 none 942 843 94
25 94 270.5 62.3 1157 1E-05 851 952 953 25
86 94 1437.3 | 82.3 1337 0.007 fone 962 283 96
97 96 581.75 | 63.2 3637 0.003 971 972 973 97
o8 96 610.25 | 63.2 3882 0.005 981 982 983 28
99 91 23894 53.3 1782 0.012 none 982 993 89
100 99 781 55.4 3442 0.014 1001 1002 1003 100
101 99 22912 55.4 1587 1E-08 nong 1012 1013 101
102 101 22262 55.4 1911 1E-05 none 1022 1023 102
103 102 21530 55.4 833 1E-05 nong 1032 1033 103
104 103 10831 55.4 2535 1E-05 none 1042 1043 104
105 104 3083 55.4 3073 0.029 none 1052 1053 105
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106 105 1491 G64.4 1811 0.002 none 1062 1063 108
107 108 905.75 | 64.7 7044 0.015 none 1072 1073 107
108 107 195.5 75.1 1216 0.008 1081 1082 1083 108
109 107 186.5 75.1 1299 0.004 1081 1092 1093 109
110 106 427.25 1 64.7 4411 0.017 1101 1102 1103 110
111 105 1314.8 | 644 4959 0.009 none 1112 11143 111
112 111 537 88.7 4204 0.045 1121 1122 1123 112
113 111 279.75 1 88.7 2327 0.043 1131 1132 1133 113
114 104 72605 | 554 907 0.012 none 1142 1143 114
115 114 512,25 | 56.5 6315 0.034 1151 1152 1153 115
116 114 6508.5 | 56.5 2668 0.028 none 1162 11863 116
117 116 337 64.2 2809 0.028 1171 1172 1173 117
118 116 5929 64.2 2708 0.007 none 1182 1183 118
119 118 5398.5 66 442 0.032 none 1192 1193 118
120 119 4737 87.4 1819 0.062 none 1202 1203 120
121 120 172.25 | 787 1007 0.003 1211 1212 1213 121
122 120 429451 787 1449 0.008 none 1222 1223 122
123 122 3986.5 1 795 1569 0.003 none 1232 1233 123
124 123 3370.5 80 2856 0.007 none 1242 1243 124
125 124 2864 82.1 1580 0.007 none 12562 1253 1 126
126 125 2064.3 | 83.2 1399 0.007 none 1262 1283 126
127 126 1806.8 | 84.2 1690 1E-05 none 1272 1273 127
128 127 283 84.2 1378 0.012 1281 1282 1283 128
129 127 1326 84.2 10707 | 0.026 1291 1292 1293 129
130 126 194,25 | 84.2 1216 0.029 1301 1302 1303 130
131 125 406.25 | 83.2 3006 0.03 1311 1312 1313 131
132 124 22675 | 821 1649 0.019 1321 1322 1323 132
133 123 442.25 80 2585 | 0.0106 | 1331 1332 1333 133
134 122 126.5 79.5 1157 0.02 1341 1342 1343 134
135 119 603.756 | 674 5887 0.037 1351 1352 1353 135
136 118 181.5 66 1437 0.039 1361 1362 1363 136
137 103 10662 55.4 1166 1E-05 none 1372 1373 137
138 137 10080 55.4 1398 0.024 none 1382 1383 138
139 138 6561.5 | 58.8 4862 0.013 none 1392 1393 139
140 139 {54593 | 649 4417 0.015 none 1402 1403 140
141 140 1714 71.5 1016 0.017 none 1412 1413 141
142 141 42475 | 732 2432 0.057 1421 1422 1423 142
143 141 1196 73.2 1062 0.028 none 1432 1433 143
144 143 323.75 § 76.2 1245 0.041 | 1441 1442 1443 144
145 143 805.5 76.2 1107 0.018 none 1452 1453 145
146 145 277.25 78 1719 0.026 1461 1462 1463 146
147 145 322.5 78 3892 | 0.093 1471 1472 1473 147
148 140 20603 § 715 5454 0.015 none 1482 1483 148
149 148 1881.5 | 79.8 2302 0.008 none 1492 1493 148
150 149 142.5 81.8 1245 0.062 1501 1502 1503 150
1514 149 1122.8 | 81.8 1345 0.015 none 1512 1513 151
152 151 576.5 83.8 2377 0.038 1521 1522 1523 162
183 151 287.75 | 8338 1278 0.036 1531 1532 1533 153
154 148 308.25 | 79.8 2502 0.055 1541 1542 1543 154
155 139 491.25 | 64.9 5458 0.036 1551 1552 1583 185
156 138 3407 58.8 1187 0.015 none 1562 1563 156
157 156 1715.3 | 606 4086 0.01 none 1572 1573 157
158 157 74225 | 647 5982 0.038 1581 1582 1583 158
159 157 307.75 | 647 1425 0.059 1591 1592 1593 158
160 156 1606.8 ; 60.5 1844 0.008 none 1602 1803 180
161 1680 10785 ¢ 6241 1607 0.008 none 1612 1813 161
162 161 388 63.6 2402 C.011 1621 1622 1623 162
163 161 547 63.8 4259 0.013 1631 1632 1633 163
164 180 304 62.1 2082 0.005 1641 1642 1643 164
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165 137 44375 | 554 1790 0.034 1651 1682 1653 165

166 102 494.5 55.4 2504 0.034 1661 1662 1663 168
167 101 514.75 | 554 4538 0.025 1671 1672 1873 187
168 90 232251 518 1540 0.079 1681 1682 1683 168
169 B9 325076 | 46.8 292 1E-05 none 1692 1693 168
170 169 | 324662 | 46.8 2328 1E-05 none 1702 1703 170
171 170 [ 322951 46.8 221 1E-05 nong 1742 none 171

172 171 322494 | 4638 962 1E-05 none 1722 1723 172
173 172 808.75 @ 46.8 412 1E-05 noneg 1732 1733 173
174 173 383.5 46.8 2502 0.006 1741 1742 1743 174
178 173 413 46.8 4559 0.035 1751 1752 1753 175
176 172 1321563 | 46.8 1275 1E-05 none 1782 1763 176
177 176 204 46.8 2190 0.008 1771 1772 1773 177
178 176 | 321185 46.8 100 1E-05 nong none 1783 178
179 178 13207391 46.8 583 1E-05 none 1792 1793 179
180 179 661.5 46.8 3759 0.054 1801 1802 1803 180
181 179 1319988 | 46.8 492 1E-05 none 1812 1813 181

182 181 319446 | 46.8 2028 1E-05 nong 1822 1823 182
183 182 319043 | 46.8 825 1E-05 none 1832 1833 183
184 183 | 318571 46.8 1887 1E-05 none 1842 1843 184
185 184 - | 307094 | 46.8 1949 1E-05 none 1852 1853 185
186 185 873.25 | 46.8 100 1E-05 none 1862 none 186
187 186 495 46.8 2768 0.02 1871 1872 1873 187
188 186 377.25 | 46.8 2257 0.097 1881 1882 1883 188
189 185 | 306163 | 46.8 2182 1E-05 none 1892 1883 189
190 189 ] 265257 | 46.8 3085 1E-05 none 1902 1803 190
191 190 14856 46.8 4754 0.015 none 1912 1813 191
192 191 737 54.1 3772 0.035 1921 1922 1923 192
193 191 13423 54.1 142 1E-05 none 1932 1933 193
194 193 1894.3 | 541 1478 0.007 none 1942 1943 194
195 194 15105 | 55.1 875 0.078 none 1952 1953 195
196 195 786 61.9 2332 0.011 none 1962 1963 186
197 196 277 64.4 1678 0.007 1971 1972 1973 197
198 186 199.25 | 644 1533 0.008 1981 1082 1983 198
199 195 619.25 | 61.8 2818 0.004 1991 1992 1993 199
200 194 267.25 | 55.1 2040 0.035 2001 2002 2003 200
201 193 11528 54.1 512 1E-05 none 2012 2013 201
202 201 8113.5 | 54.1 4083 0.006 none 2022 2023 202
203 202 1233.3 | 56.5 10016 | 0.029 2031 2032 2033 203
204 202 6336 56.5 1225 0.025 none 2042 2043 204
205 204 1133.3 ] 59.5 11168 | 0.026 2051 2052 2053 205
206 204 5012 50.5 2444 0.016 none 2062 2083 206
207 206 284.5 63.5 2685 0.016 2071 2072 2073 207
208 206 4506 63.5 812 0.01 none 2082 2083 208
208 208 4053.8 | 64.1 3859 0.015 none 2092 2083 208
210 209 351.75 { 69.8 2047 0.025 2101 2102 2103 210
211 209 3287.3 | 688 4749 0.032 none 2112 2113 211
212 211 190.75 85 1732 0.054 2121 2122 2123 212
213 211 2583.5 85 1752 0.003 none 2132 2133 213
214 213 2016 85.5 2057 0.003 none 2142 2143 214
215 214 320.5 86.1 2211 0.057 2151 2152 21583 215
218 214 1475.3 | 86.1 €936 0.024 2161 2182 2163 216
217 213 205 85.5 1478 0.01 2171 2172 2173 217
218 208 267.75 | 6441 1840 0.018 2181 2182 2183 218
219 201 3385 54.1 1037 1E-05 none 2192 2193 218
220 219 3088.5 | 54.4 985 1E-05 none 2202 2203 220
221 220 2836.8 | 54.1 242 1E-05 none 2212 2243 221
222 221 20423 | 5441 4008 0.017 nong 2222 2223 222
223 222 952 60.8 3006 0.0 none 2232 2233 223




224 223 24575 | 64.2 1537 0.008 2244 2242 2243 224

225 223 42225 1 642 3439 0.004 2251 2252 2253 225

228 222 482 80.8 3187 0.011 2261 2262 2263 228

227 221 774.25 54,1 725 0.062 none 2272 2273 227

228 227 388.25 58.6 2273 0.022 2281 2282 2283 228
229 227 342 58.8 1911 0.045 2291 2202 2293 229
230 220 166 54.1 1328 0.084 2301 2302 2303 230
231 218 199.5 54.1 2302 0.057 2311 2312 2313 231

232 190 250062 | 46.8 5529 0.003 none 2322 2323 232
233 232 1248856 | 48.7 716 1E-05 none 2332 2333 233
234 233 248514 | 487 475 1E-05 none 2342 2343 234
235 234 | 2474331 487 737 1E-05 none 2352 2353 235
238 235 618.25 | 48.7 3884 0.047 2361 2362 2363 238
237 235 | 246756 | 48.7 4039 1E-05 none 2372 2373 237
238 237 237684 | 48.7 887 1E-05 none 2382 2383 238
239 238 236762 | 487 4847 1£-05 none 2392 2383 | 239
240 239 212.5 48.7 1228 0.012 2401 2402 2403 240
241 238 235787 | 48.7 425 1E-05 none 2412 2413 241

242 241 150.25 48.7 1187 | 0.0128 | 2421 2422 2423 242
243 244 235537 |\ 48.7 2073 0.04 none 2432 2433 243
244 243 235157 57 1128 1E-05 none 2442 2443 244
245 244 148011 57 50 1E-05 | none 2452 2453 245
246 245 7040.3 57 1519 0.01 none 2462 2463 246
247 246 6013.8 58.5 3784 0.019 none 2472 2473 247
248 247 5404 65.7 1219 0.003 none 2482 2483 248
249 248 251.75 66 1669 0.016 2491 2492 2493 249
250 248 5038 66 171 1E-05 none none 2503 250
251 250 2290.8 66 1699 0.009 none 2512 2513 251

252 251 1930 67.5 492 0.018 none 2522 2523 252
253 252 1551.8 68.4 362 1E-05 none 2532 2533 253
254 253 1036 68.4 1407 0.008 none 2542 2543 254
255 254 424,75 69.5 5662 0.048 2551 2552 2553 255
256 254 424,75 69.5 4479 0.058 2561 2562 2563 256
257 253 506.5 68.4 5167 0.058 2571 2572 2573 257
258 252 313.5 68.4 2032 0.013 2581 2582 2583 258
259 251 289 687.5 2864 0.013 2591 2502 2593 259
260 250 2746 66 3077 0.01 none 2602 2603 260
261 260 1184.8 69 8777 0.029 2611 2612 2613 261

262 260 1296.5 69 7489 0.008 2621 2622 2623 262
263 247 247 65.7 2664 0.01 2631 2632 2633 263
264 248 820.5 58.5 1428 0.032 none 2842 2643 264
265 264 169.5 63.1 1149 0.018 2651 2652 2853 285
266 264 544.5 63.1 1266 0.021 none 2662 2663 266
287 266 19225 | 857 1328 0.021 2671 2672 2673 267
268 266 196.75 | 85.7 1087 1E-05 2681 2682 2683 268
269 245 140970 57 6866 0.008 none 2692 2693 269
270 268 33575 { 57.8 2273 0.033 2701 2702 2703 270
271 269 140618 | 57.8 1137 1E-05 none 2712 2713 271
272 271 128880 | 57.8 2164 5E-05 none 2722 2723 272
273 272 127969 | 57.7 1307 1E-05 nong 2732 2733 273
274 273 324.25 57.7 1728 0.042 27471 2742 2743 274
275 273 1275751 57.7 1837 0.008 none 2752 2753 275
276 275 379 59 2152 0.04 2761 2762 2783 276
277 275 126986 59 725 0.001 nons 2772 2773 277
278 277 126522 1 59.1 912 1E-05 none 2782 2783 278
279 278 17639 59.1 533 1E-G5 none 2792 27983 279
280 279 287.75 58.1 2032 0.04 2801 2802 2803 280
281 278 17330 59.1 5232 0.015 none 2812 2813 281
282 281 1421 87 887 0.053 none 2822 2823 282




110

283 282 71075 ¢ 717 975 0.036 none 2832 2833 283
284 283 246,75 | 5.2 3487 2.063 2841 2842 2843 284
285 283 283.5 75.2 2444 0.044 2881 2852 2853 285
286 282 684.25 | 717 5886 0.032 2861 2862 2863 286
287 281 15020 67 1554 0.023 none 2872 2873 287
288 287 48475 | 706 5141 0.02 2881 2882 2883 288
289 287 14314 0.8 2073 0.014 none 2882 2893 289
280 289 13443 73.5 4770 0.013 none 2902 2803 290
291 290 310251 798 2851 0.01 none 2912 2913 281
292 291 38175 | 825 2261 0.04 2921 2922 2023 292
283 291 22843 | 825 683 0.018 none 2932 2833 203
284 293 17285 | 836 716 0.013 none 2542 2943 294
295 294 1405.3 | 84.5 6948 0.023 none 2952 2953 295
296 295 322.75 | 1004 2344 0.009 2961 2962 2963 296
297 295 321.75 | 1004 1337 0.004 2971 2972 2973 207
298 204 278.75 1 845 1749 0.021 2981 2982 2983 298
299 203 530.25 | 83.6 3430 0.008 2991 2992 2993 2909
300 280 9963.5 | 79.6 7743 0.01 none 3002 3003 300
301 300 8483 87.4 1240 | 8E-05 none 3012 3013 301
302 301 8089.3 | 87.5 454 1E-05 none 3022 3023 302
303 302 6968.5 | 87.5 2559 1E-05 none 3032 3033 303
304 303 5371 87.5 675 1E-05 none 3042 3043 304
305 304 543.5 87.5 2373 0.011 3051 3052 3053 305
306 304 47513 | 875 1911 0.017 none 3062 3063 306
307 306 681.5 90.7 3972 0.007 3071 3072 3073 307
308 306 3912.3 | 90.7 1749 1E-05 none 3082 3083 308
309 308 2903.8 | 90.7 3168 0.006 none 3092 3093 309
310 309 128 92.5 1025 0.015 3101 3102 3103 310
311 309 23373 925 625 0.014 none 3112 3113 311
312 311 1722.3 | 934 2656 0.005 none 3122 3123 312
313 312 288.5 94.7 2111 0.012 3131 3132 3133 313
314 312 1126.5 | 94.7 845 0.019 none 3142 3143 314
315 314 804.5 96.3 4775 0.034 3151 3152 3153 315
316 314 173 96.3 1037 0.015 3161 3162 3163 316
317 311 565.5 93.4 3759 0.019 3171 3172 3173 317
318 308 805.5 90.7 3909 0.019 3181 3182 3183 318
319 303 1270.3 | 875 887 0.016 none 3192 3193 319
320 319 10055 | 889 392 1E-05 none 3202 3203 320
321 320 832.75 | 88.9 5020 0.02 3211 3212 3213 321
322 320 158.75 | 88.9 1066 0.024 3221 3222 3223 322
323 319 224 88.9 1540 0.02 3231 3232 3233 323
324 302 1104.3 | 87.5 7018 0.015 3241 3242 3243 324
325 301 306 87.5 3427 0.025 3251 3252 3253 325
326 300 236.25 1 87.4 1266 0.022 3261 3262 3263 326
327 289 691.75 | 735 3380 0.004 3271 3272 3273 327
328 278 108832 | 59.1 2747 1E-05 none 3282 3283 328
328 328 408 59.1 2161 0.035 3291 3282 3293 328
330 328 1079111 5841 1680 0.022 none 3302 3303 330
331 330 105890 | 62.8 785 1E-05 none 3312 3313 331
332 331 158.75 | 62.8 1195 0.038 3321 3322 3323 332
333 331 105689 | 62.8 2732 0.004 none 3332 3333 333
334 333 193.25 | 63.9 1578 0.046 3341 3342 3343 334
335 333 105172 | 63.9 1045 1E-05 none 3352 3353 335
336 335 104670 | 63.9 71 1E-05 none 3362 none 336
337 336 328 63.9 2082 0.032 3371 3372 3373 337
338 336 104340 | 63.9 1873 1E-05 none 3382 3383 338
339 338 2321 83.9 1819 £.022 none 3382 3393 339
340 338 1819.8 | 67.9 3822 0.01 none 3402 3403 340
341 340 13918 | 71.8 354 0.017 none 3412 3413 341
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342 341 280.25 | 724 2314 0.007 34214 3422 3423 342

343 341 1092.8 | 724 3838 0.02 none 3432 3433 343
344 343 437.5 79.8 2664 0.018 34441 3442 3443 344

345 343 218.75 1 799 2661 0.023 3451 3482 3453 345
346 340 19825 1 71.8 1652 0.0186 3461 3462 3463 346
347 338 194.25 | 679 1407 0.013 3471 3472 3473 347
348 338 | 101715 838 837 1E-05 none 3482 3483 348
349 348 | 101442 | 638 212 1E-05 none 3492 3483 348
350 348 | 1011486 ; 639 975 1E-05 none 3502 3503 350
351 3580 3579.8 | 638 3192 0.015 none 3512 3513 3514

352 351 543.75 | 68.6 3930 0.027 3521 3522 3523 352
353 351 2688 88.6 312 1E-05 none 3532 3533 353
354 353 2086.3 | 68.6 9078 0.021 none 3542 3543 354
355 354 482 89.2 3487 | 0.014 3551 3552 3553 355
356 354 166.25 | 89.2 1107 0.013 3561 3562 3563 356
357 353 503.5 68.6 4746 0.023 3571 3572 3573 357
358 350 97479 63.9 1811 1E-05 none 3582 3583 358
358 358 96159 £63.9 2118 0.003 none 3592 3583 359
360 359 586.25 64.6 4154 0.018 3601 3602 3603 360
361 359 95179 64.6 333 1E-05 | none 3612 3613 361

362 361 94870 64.6 1282 1E-05 noneg 3622 3823 | 362
363 362 94489 64.6 1225 0.011 none 3632 3633 363
364 363 5407.8 66 3430 0.028 none 3642 3643 364
365 364 30928 | 75.8 1137 0.02 none 3652 3653 365
366 365 161.5 78.1 1437 0.025 3661 3662 3663 366
367 365 27978 | 781 512 0.02 none 3672 3673 367
368 367 25728 | 7941 1349 0.017 none 3682 3683 368
369 368 20188 | 814 604 1E-05 none 3692 3693 369
370 369 33125 { 814 2332 | 1E-05 3701 3702 3703 370
371 369 1585 81.4 2052 0.021 none 3712 3713 371

372 371 736.75 | 85.6 7798 0.008 3721 3722 3723 372
373 371 674.75 | 85.6 1137 0.002 none 3732 3733 373
374 373 242251 858 1237 0.028 | 3741 3742 3743 374
375 373 351 85.8 2240 0.017 3751 3752 3753 375
376 368 327.5 81.4 3047 0.013 3761 3762 3763 376
377 367 169.5 79.1 1540 0.022 3771 3772 3773 377
378 364 2070.8 | 75.8 2407 0.003 none 3782 3783 378
379 378 1408.8 | 76.6 1619 0.005 none 3792 3793 379
380 379 o977 774 783 0.042 none 3802 3803 380
381 380 681 78.3 4125 0.017 3811 3812 3813 381
382 380 238.75 | 783 1919 0.031 3821 3822 3823 382
383 379 21875 1 774 1257 0.019 3831 3832 3833 383
384 378 374.75 | 766 2414 0.004 3841 3842 3843 384
385 363 88963 66 1778 0.009 none 3852 3853 385
386 385 88384 67.6 1832 1E-05 none 3862 3863 386
387 386 86313 67.6 1018 0.002 none 3872 3873 387
388 387 86008 67.8 15682 1E-05 none 3882 3883 388
389 388 20075 | 67.8 583 0.055 none 3882 3893 389
390 389 886.25 Il 312 0.003 none 3902 3803 380
391 380 721 711 854 0.027 none 3012 3913 381
392 391 226 73.4 2340 1E-05 3921 3922 3923 382
393 381 454.25 | 734 2364 1E-05 3931 3932 3933 393
394 390 157.25 | 744 1257 0.017 3941 3842 3843 394
395 388 1108 71 2584 0.005 nong 3852 3953 385
396 385 302.5 72.4 2314 0.018 3961 3962 3963 396
387 395 430.5 72.4 1807 0.001 3971 3972 3973 387
388 388 33786 67.8 2687 0.005 none 3982 3983 398
389 398 82078 88.2 1028 1E-08 none 3902 3983 399
400 308 2261 88.2 7019 0.007 none 4002 4003 400
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4014 400 939,75 74.2 6577 0.018 4011 4012 4013 401
402 400 290.75 74.2 1961 0.018 4021 4022 4023 402
403 398 80486 69.2 3708 5E-05 none 4032 4033 | 403
404 403 79544 869.4 292 1E-05 none 4042 4043 404
405 404 223.25 69.4 14186 0.013 4051 4052 4053 405
4086 404 79310 69.4 4458 9E-05 none 4062 4063 4086
407 408 9448 59.8 762 1E-05 | none 4072 4073 407
408 407 311.25 86.8 1890 0.002 4081 4082 4083 408
409 407 9115.5 69.8 4199 0.005 none 4092 4093 408
410 409 7188.3 71.8 2706 7E-05 none 4102 4103 410
441 410 6624 72 333 1E-05 none 4112 4113 411
412 411 5445.5 72 592 1E-05 none 4122 none 412
413 412 1010.8 72 533 1E-05 none 4132 4133 413
414 413 417.5 72 1882 1E-05 4144 4142 4143 414
415 413 578.75 72 433 1E-05 none 4152 4153 415
416 415 290.5 72 2428 4E-05 4161 4162 4163 416
417 415 254.5 72 3068 0.005 4171 4172 4173 417
418 412 5396.5 72 3147 0.01 none 4182 4183 418
419 418 1381 75 7572 0.012 4191 4192 4193 419
420 418 3894.5 75 2993 0.005 none 4202 4203 420
421 420 3392.5 76.5 2335 0.01 | none 4212 4213 421
422 421 1127 78.9 3380 0.015 none 4222 4223 422
423 422 229 83.8 1287 0.008 4231 4232 4233 423
424 422 259.75 83.8 2140 0.008 4241 4242 4243 424
425 421 1993.5 78.9 2594 0.004 none 4252 4253 425
426 425 1531.3 80 2747 0.004 none 4262 4263 426
427 426 586 81.1 2756 0.01 4271 4272 4273 427
428 426 | 410251 81.1 3459 0.012 4281 4282 4283 428
429 425 308.75 80 2589 0.007 4291 4292 4293 429
430 420 271.5 76.5 2032 0.009 4301 4302 4303 430
431 411 171.75 72 1285 0.005 4311 4312 4313 431
432 410 180.75 72 1369 0.04 4321 4322 4323 432
433 409 1561.5 71.8 312 1E-05 none 4332 4333 433
434 433 1366.3 71.8 504 1E-05 none 4342 4343 434
435 434 509.25 71.8 3089 0.017 4351 4352 4353 435
436 434 794 71.8 £182 0.014 4361 4362 4363 438
437 433 176 71.8 1819 0.002 4371 4372 4373 437
438 406 69173 69.8 192 1E-05 none 4382 4383 438
439 438 64682 69.8 333 1E-05 none 4392 4393 439
440 439 32353 69.8 371 1E-05 none 4402 4403 440
441 440 | 30897 69.8 825 1E-05 none 4412 4413 441
442 441 304.25 69.8 3813 0.009 | 4421 4422 4423 442
443 441 30347 59.8 3284 B8E-05 none 4432 4433 443
444 443 624.25 70 5865 0.012 4441 4442 4443 444
445 443 20479 70 71 1E-05 none none none 445
446 445 27843 70 1048 1E-05 none 4462 4483 446
447 446 826 70 6198 0.007 4471 4472 4473 447
448 4486 26976 70 A746 0.004 none 4482 4483 448
449 448 12266 71.9 2785 4E-05 none 4492 4493 449
450 449 2931.8 72 2423 0.008 none 4502 4503 450
451 450 957.5 73.9 1116 0.022 none 4512 4513 451
452 4519 625.5 76.3 4778 0.014 4521 4522 4523 452
453 451 302 76.3 1749 0.009 4531 4532 4533 453
454 450 1728.5 73.9 1902 0.016 none 4542 4543 454
455 454 833.75 77 4708 0.02 4551 4552 4553 455
456 454 885,25 77 8774 0.013 4561 4562 4563 456
457 449 9128.8 72 2697 0.002 none 4572 4573 457
458 457 8544.3 72.4 1228 1E-05 none 4582 4583 458
458 458 442,25 72.4 2558 0.014 4591 4592 4593 459
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480 458 80208 | 724 1818 $.001 none 4802 4603 480
481 460 74515 | 726 1266 0.006 none 4612 4613 461
462 461 2086.3 | 73.3 907 0.007 none 4622 4623 482
463 462 1038.3 | 73.9 6994 0.012 4631 4632 4633 463
464 462 920.75 | 73.9 1940 0.008 none 4642 4643 464
465 464 343.5 756 2340 0.013 4651 4652 4653 485
466 464 426.5 75.6 2435 0.016 4661 4662 4663 466
467 461 5292.8 | 73.3 654 0.011 nong 4872 4873 467
468 487 4720 74 804 0.001 none 4682 4683 | 468
469 468 2755 74.1 2494 0.01 4691 4692 4693 489
470 468 4373 74.1 3272 0.008 none 4702 4703 470
471 470 77475 | 768 4858 0.008 4711 4712 4713 471
472 470 332631 76.8 1511 0.005 none 4722 4723 472
473 472 3038 77.5 1099 0.004 none 4732 4733 473
474 473 24425 | 779 1740 0.022 4741 4742 4743 474
475 473 27585 | 779 2080 1E-05 none 4752 4753 475
476 475 320 77.9 2827 0.016 4761 4762 4763 476
477 475 21378 | 779 5589 0.011 none 4772 4773 477
478 477 443 84.3 1911 0.01 4781 4782 4783 478
479 477 820.25 | 843 1487 1E-05 none 4792 | 4783 479
480 479 182.75 | 843 1033 0.009 4801 4802 4803 480
481 479 3605 | 843 1840 0.014 4811 4812 4813 481
482 472 179.5 77.5 1216 0.02 4821 4822 4823 482
483 467 549 74 4999 0.006 4831 4832 4833 483
484 460 224 72.6 2468 0.014 4841 4842 4843 484
485 457 202.5 72.4 1882 0.006 4851 4852 4853 485
486 448 14354 71.9 3801 0.003 none 4862 4863 486
487 486 87025 | 73.2 1416 1E-05 none 4872 4873 487
488 487 8375 73.2 2940 0.003 none 4882 4883 488
489 488 7804.8 74 2244 0.002 none 4892 4893 489
490 489 7362.3 | 74.5 592 1E-05 none 4902 4903 490
491 490 23993 | 745 2599 0.007 none 4912 4813 491
492 491 17208 | 76.2 2814 0.011 none 4922 4923 492
493 492 1135 79.3 8043 0.011 4931 4932 4933 493
494 492 353.256 | 79.3 2597 0.015 43841 4942 4843 494
495 491 451 76.2 2935 0.011 4951 4852 4953 495
496 490 49208 | 745 2285 0.008 none 4962 4963 496
497 496 42783 | 76.3 2652 0.008 none 4872 4973 497
498 497 3757.8 | 785 5291 0.01 none 49082 4983 498
499 498 2603.5 84 412 0.015 none 4992 4993 498
500 499 170.76 | 84.6 1928 0.021 5001 5002 5003 500
501 499 242351 8458 1994 0.014 none 5012 5013 501
502 501 18275 | 873 5646 0.01 none 5022 5023 502
503 502 374.25 93 2044 0.004 5031 5032 5033 503
504 502 501 93 2814 0.014 5041 5042 5043 504
505 501 285.75 | 873 1661 0.025 5051 5052 5053 505
506 488 196.25 84 1228 0.028 5061 5062 5063 506
507 487 392 78.5 3158 0.022 5071 5072 5073 507
508 496 35525 1 763 1648 0.018 5081 5082 5083 508
508 489 198.5 74.5 1498 0.038 5081 5092 5083 508
510 488 206.5 74 1107 0.032 5101 5102 5103 510
511 487 168.76 | 73.2 1037 0.014 5111 5112 5113 511
512 486 5360.8 | 73.2 1345 1E-05 none 5122 5123 512
513 512 3222.8 | 73.2 4349 0.006 | none 5132 5133 513
514 513 230251 758 3725 0.011 ngne 5142 5143 514
518 514 735.5 79.8 2406 0.004 nene 5152 5183 515
516 515 22275 80.7 1561 0.012 5161 5162 5163 518
517 815 382 80.7 2723 0.034 5171 5172 5173 517
518 514 026.5 79.8 2018 0.011 nong 5182 5183 518
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510 518 178.5 82.9 1095 0.017 5191 5182 5183 519

520 518 258 82.¢ 1328 0.019 5201 5202 5203 520

521 513 295.5 75.8 1769 0.022 5211 5212 5213 521

522 512 20845 1 73.2 1199 0.003 none 5222 5223 522

523 522 1825 73.8 5624 0.015 none 5232 5233 523

524 523 347.25 | 8241 3372 0.008 5241 5242 5243 524

525 523 883.75 | 821 2311 0.003 none 5252 5253 525
526 525 224 82.8 1478 0.005 5261 5262 5263 526
527 525 442 82.8 3430 0.002 5271 5272 5273 527
528 522 184 73.6 1440 0.022 5281 5282 5283 528
529 445 1635.3 70 101861 0.01 5281 5292 5293 529
530 440 1630 69.8 1089 1E-05 none 5302 5303 530
531 530 514 69.8 3339 0.004 5311 5312 5313 531

532 530 1082.8 | 68.8 7239 0.009 5321 5322 5323 532
533 439 32320 69.8 7434 0.003 none 5332 5333 533
534 533 733 72.2 5258 0.014 5341 5342 5343 534
535 533 30087 72.2 221 1E-05 none 5352 5353 535
536 535 30584 72.2 2294 0.003 none 5362 5363 536
537 536 29858 72.9 4932 0.011 none 5372 5373 537
538 537 27739 78.3 3368 0.003 none 5382 5383 538
539 538 26811 79.3 312 1E-05 none 5362 5393 538
540 539 359.75 | 79.3 2173 | 0.018 5401 5402 5403 540
541 539 26444 79.3 575 0.016 none 5412 5413 541

542 541 26062 80.2 1157 0.025 none 5422 5423 542
543 542 25103 83.1 3939 1E-05 none 5432 5433 543
544 543 23127 83.1 1987 0.01 none 5442 5443 544
545 544 252.5 85 1590 0.028 5451 5452 5453 545
546 544 22622 85 2285 0.017 none 5462 5463 546
547 546 21054 88.9 1645 1E-05 none 5472 5473 547
548 547 240.75 | 88.9 1228 0.046 5481 5482 5483 548
549 547 | 20667 88.9 1757 1E-05 none 5492 5493 549
550 549 22175 | 88.9 2435 0.029 5501 5502 5503 550
551 549 20274 88.9 212 1E-05 none 5512 5513 551
552 551 460.75 | 88.9 4542 0.008 5521 5522 5523 552
553 551 19795 88.9 221 1E-05 none none 5533 553
554 553 19590 88.9 4172 5E-05 | none 5542 5543 554
555 554 18920 89.1 1552 0.009 none 55652 5553 | 555
556 555 16782 80.5 783 0.001 none 5562 5563 556
557 556 12263 90.6 1175 0.007 none 5572 5573 557
558 557 23825 | 914 1878 0.014 | 5581 5582 5583 | 558
558 557 11903 91.4 271 1E-05 none 5592 5593 559
560 559 693.25 | 914 1480 0.005 | none 5602 5603 560
561 560 319.5 92.1 2544 0.014 5611 5612 5613 561
562 560 25225 | 9241 1468 0.023 5621 5622 5623 562
563 559 11202 91.4 24580 1E-05 none 5632 5633 563
564 563 1856.5 | 914 3882 0.008 none 5642 5643 564
565 564 17525 | 948 1054 0.098 5651 5652 5653 568
566 564 13118 | 946 8138 0.015 5661 5862 | 5663 566
567 563 BB455 | 914 433 1E-05 none 5672 5673 567
568 567 84223 1 914 866 1E-05 none 5682 5683 568
569 568 80028 | 914 833 0.001 none 5692 5693 588
570 569 680.75 | 91.5 5312 0.011 5701 5702 5703 570
571 569 72803 @ 915 875 1E-05 none 5712 5713 571
572 571 8770 91.5 1468 0.001 none 5722 5723 572
573 572 3856 91.7 2902 0.002 none 5732 5733 573
574 573 95028 @ 922 1973 0.011 none 5742 5743 574
575 574 333 24.3 1587 0.026 5751 5752 5753 575
576 574 378 94.3 2140 0.013 5761 5762 5763 578
577 573 25233 | 922 1788 0.008 nong 5772 5773 577
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578 577 2162.8 | 838 775 0.005 none 5782 5783 578
579 578 1685.5 94 3746 0.01 none 5782 5783 579
580 579 180 g7.7 1087 0.004 5801 5802 5803 580
581 579 911 97.7 2185 5E-05 | none 5812 5813 581
582 581 196.75 | 97.8 1287 0.011 5821 5822 5823 582
£83 581 486.25 | 97.8 3722 0.014 5831 5832 5833 583
584 578 394 94 3188 0.046 5841 5842 5843 584
585 577 177.25 | 936 1340 0.028 5851 5852 5853 585
586 572 27605 | 917 1548 7E-05 none 5862 5863 586
587 586 355.75 | 91.8 2194 $.022 5871 5872 5873 587
588 586 22888 | 218 5274 0.027 none 5882 5883 588
589 588 335.25 | 105.8 2618 0.01 5891 5892 5893 589
590 588 1136 105.8 2035 0.009 | none 5902 5903 590
521 590 280 107.6 1307 0.005 5911 5912 5913 591
592 580 757.75 | 107.86 2023 0.027 none 5922 5923 592
583 592 315 113 2268 0.02 5931 5932 5933 593
594 592 197 113 1349 0.003 5941 5942 5943 594
595 571 469 91.5 3359 0.036 5951 5952 5853 595
596 568 312 914 2299 0.014 5961 5962 5963 596
597 567 397 g1.4 2856 0.028 5971 5972 5973 597
598 556 44225 | 90.6 3992 0.01 none 5982 | 5983 598
599 598 383.25 | ©4.7 2885 0.013 | 5991 5992 5993 599
600 598 3598.8 | 94.7 121 1E-05 none 6002 6003 600
601 600 3336.5 | 947 895 0.029 none 6012 6013 601
602 601 1959 97.3 2082 0.005 none 6022 6023 602
603 602 11405 | 984 9112 0.017 6031 6032 6033 603
604 602 44775 | 984 2564 0.016 5041 6042 6043 604
605 601 1343.8 | 973 907 0.021 none 6052 6053 605
806 605 99425 | 98.2 8351 0.006 6061 6062 6063 606
607 605 280.25 | 99.2 1940 0.002 6071 6072 6073 607
608 600 257.5 4.7 1732 0.019 6081 6082 6083 608
609 555 20285 | 90.5 2232 0.021 none 6092 6093 609
610 609 669 95.1 2706 0.022 6101 6102 6103 610
611 609 1228 95.1 1004 0.016 none 56112 6113 611
612 611 746.75 | 86.7 2427 0.012 none 6122 6123 | 612
613 812 156.25 | 80.7 1437 0.018 6131 6132 6133 613
614 812 32475 | 89.7 1799 0.014 | 6141 6142 6143 614
615 611 392 96.7 1519 0.005 6151 6152 6153 615
616 554 161 88.1 1104 0.05 6161 6162 6163 616
617 553 194.25 | 88.9 1432 0.064 8171 6172 6173 617
618 548 | 1351 88.9 475 1E-05 | none 6182 6183 518
819 618 206.75 | 88.9 1902 0.007 6191 6192 5193 619
620 618 10435 { 88.9 2818 0.025 none 6202 6203 620
621 620 319 95.8 1248 0.002 6211 8212 5213 621
622 620 156 95.8 2132 0.034 6221 5222 6223 622
623 543 1340.8 | 83.1 1237 0.006 none 6232 6233 623
624 623 446.75 | 83.8 3009 0.023 6241 6242 8243 824
625 623 669.5 83.8 4287 0.032 6251 £252 8253 625
626 542 841.75 | 831 2080 0.017 none 5262 5283 626
827 826 511.25 | 86.8 3047 0.016 8271 6272 8273 827
528 626 17975 | 868 1488 0.025 6281 6282 6283 628
629 541 365.75 | 80.2 2814 0.022 6291 6292 6283 528
630 538 554.25 | 793 4825 0.021 8301 5302 8303 630
631 537 1605.5 | 78.3 121 1E-05 none 6312 6313 631
632 631 12735 | 783 1057 0.045 none 8322 6323 832
533 632 547 83 4104 0.018 6331 6332 6333 833
634 832 853.5 83 4604 0.014 6341 5342 6343 834
635 631 330.5 78.3 4180 0.024 6351 8352 6353 835
536 536 345.5 72.8 3606 0.045 6361 6362 8363 636




837 535 39825 | 722 3008 £.018 6371 6372 8373 837

838 438 4488 85.8 816 1E-05 | none 6382 56383 638

638 638 183.5 89.8 1007 0.012 5391 8382 6393 839

640 638 4272.3 | 68.8 682 0.015 none 6402 5403 540
641 640 2542 70.8 4113 0.008 none 6412 6413 841

642 641 1648 73.2 1328 0.013 none 8422 6423 642
643 842 182.5 74.8 1092 0.016 65431 5432 8433 643
544 642 1162.8 | 7498 1187 0.004 none 8442 6443 644
645 644 28825 | 754 1848 0.016 6451 64562 5453 645
646 644 817.5 75.4 404 1E-05 none 6462 6463 646
647 846 380 75.4 2832 0.005 6471 8472 8473 847
848 646 40775 1 754 2694 0.012 6481 6482 6483 648
649 641 484 73.2 2282 0.005 6491 6492 6493 649
650 640 1704.8 | 70.8 1378 0.004 none 6502 6503 850
651 650 22075 { 714 1711 0.001 6511 6512 6513 651

652 650 13073 | 714 4063 0.003 none 6522 6523 652
653 652 657.5 72.5 4017 0.003 65231 6532 6533 653
654 652 256.5 72.5 2073 0.011 6541 6542 6543 654
855 403 576 69.4 4475 0.012 8551 5552 6553 655
656 398 35525 | 69.2 433 0.083 none 6562 6563 656
657 656 122.25 { 728 1087 0.017 6571 8572 6573 857
858 656 172.5 72.8 1016 0.021 6581 6582 6583 658
659 387 27525 | 67.8 1661 0.057 6591 6592 6593 659
660 386 18233 | ©676 2502 0.032 none 6602 6603 860
661 660 688.5 75.5 212 1E-05 none 6612 6613 661

662 661 175.5 75.5 1157 0.017 6621 6622 6623 662
663 661 467.5 75.5 2506 0.004 6631 6632 6633 663
664 660 818.5 75.5 866 1E-05 none 6642 6643 664
665 664 536.5 75.5 4596 0.004 6651 6652 6653 665
666 664 240.5 75.8 1890 0.006 6661 6662 6663 666
667 385 186.75 | 67.8 2040 0.044 6671 6672 6673 667
668 362 178.25 | 64.6 1457 0.042 6681 6682 6683 668
669 361 23575 | 646 2132 0.031 6681 6692 6693 669
870 358 1080 83.9 1228 0.047 none 6702 8703 670
671 670 579.25 | 69.7 2806 0.019 6711 6712 6713 671
672 670 408 69.7 3335 0.025 6721 8722 6723 672
673 349 28275 1 63.9 1882 0.044 6731 86732 6733 673
674 348 245 63.9 2485 0.019 6741 6742 6743 674
675 335 371.75 | 63.9 2573 0.021 86751 6752 6753 875
676 330 1760.3 | 62.8 1125 0.021 none 6762 6763 676
877 676 146.5 85.2 1025 0.024 8771 6772 6773 877
678 678 1540.8 | 65.2 4034 0.014 none 5782 6783 678
679 678 25375 { 707 1599 0.021 6791 6792 8793 679
680 678 779.25 ¢ 70.7 895 0.013 none 5802 6803 680
681 680 517.5 71.8 1116 0.02 none 6812 6813 581
682 881 211.75 | 744 1607 0.013 8821 6822 6823 582
683 681 265.75 | 741 1178 0.003 6831 6832 5833 683
584 580 23225 1 719 1918 0.018 6841 6842 5843 684
685 277 380 59.1 4059 0.028 6851 6852 6853 685
886 272 768.25 | 57.7 3835 0.021 6861 6862 6863 686
887 271 11637 57.6 2223 0.023 none 6872 6873 687
688 887 23928 | 628 4587 0.007 none 5882 6883 688
589 688 1754 86.2 5112 0.007 none 5892 5883 589
690 5688 45075 | 70.2 1914 1E-05 | 6801 6302 6903 690
891 589 400 70.2 1673 0.002 6911 6912 6913 891
692 688 29125 1 66.2 2794 0.002 6821 6922 6923 692
693 587 9064.5 | 62.8 3206 1E-05 | none 6832 6933 683
694 693 2904.5 62.8 3659 0.01 5941 6942 6943 694
698 683 8500.5 | 62.8 3783 0.004 none 6952 6853 695
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598 685 486.25 | 64.2 4225 0.013 5961 6862 8963 686
897 685 7557.8 | 84.2 2683 0.006 | none 8972 6873 697
898 687 7033.3 | 658 382 1E-05 none 6082 68983 658
699 698 3006.3 | 658 816 0.003 none 6832 6993 699
700 699 367.25 | 66.1 3158 0.005 7001 7002 7003 700
701 698 2523 66.1 875 1E-05 none 7012 7013 | 701
702 701 704.5 56.1 5648 0.024 7021 7022 7023 702
703 701 17755 | 66.41 3214 0.003 nong 7032 7033 703
704 703 281.5 67.2 1982 0.005 7041 7042 7043 704
705 703 1260 67.2 575 0.005 none 7052 7053 705
706 705 76125 | 67.5 825 0.002 none 7062 7063 706
707 706 518.5 67.7 2897 0.025 7071 7072 7073 707
708 706 207.25 | 67.7 1168 0.007 7081 7082 7083 708
709 705 399.5 67.5 3559 0.012 7091 7082 7093 709
710 598 4014 65.9 3372 1E-05 none 7102 7103 710
71 710 3154.3 | 6589 5792 0.005 none 7112 7113 711
712 711 1708.3 | 68.7 3308 0.012 none 7122 7123 712
713 712 1076.3 | 725 2573 0.009 none 7132 7133 713
714 713 295.5 74.8 1887 0.013 7141 7142 7143 714
715 713 23725 | 748 1307 0.006 7151 7152 7153 715
716 712 305 72.5 1187 0.006 7161 7162 7163 716
717 711 645.5 68.7 5682 0.012 7171 7172 7173 717
718 710 325 65.9 2668 0.012 | 7181 7182 7183 718
719 697 272 65.9 1399 0.008 7191 7192 7193 719
720 244 86914 57 821 0.007 none 7202 7203 720
721 720 86660 57.6 7254 0.001 none 7212 7213 721
722 721 84848 58.6 5172 6E-05 none 7222 7223 722
723 722 81344 58.9 2082 0.012 none 7232 7233 723
724 723 79757 61.4 895 1E-05 none 7242 7243 724
725 724 51628 61.4 2580 0.006 none 7252 7253 725
726 725 50829 62.9 2214 1E-05 none 7262 7263 726
727 726 28278 62.9 3152 0.026 none 7272 7273 727
728 727 187.75 | 711 1133 1E-05 7281 7282 7283 728
729 727 27889 711 1245 1E-05 none 7292 | 7293 | 728
730 729 177 711 1348 1E-05 7301 7302 7303 730
731 729 27496 7114 100 1E-05 none 7312 7313 731
732 731 26928 711 2245 1E-05 none 7322 7323 732
733 732 26349 711 221 1E-05 none 7332 7333 1 733
734 733 24252 714 221 1E-05 none 7342 7343 734
735 734 3657.8 1 7141 100 1E-05 none 7352 7353 735
736 735 3468.8 | 711 312 1E-05 none 7362 7363 736
737 736 2034 71.1 5815 0.003 none 7372 7373 737
738 737 324.25 73 2909 0.011 7381 7382 7383 738
739 737 1810.5 73 621 1E-05 nong 7392 7393 739
740 738 560.75 73 3734 0.005 7401 7402 7403 740
741 739 1132.5 73 1342 1E-05 none 7412 7413 741
742 741 546 73 3489 0.008 7421 7422 7423 742
743 741 470.75 73 3686 0.006 7431 7432 7433 743
744 736 468 714 2830 1E-08 7441 7442 7443 744
745 735 180.75 | 711 4186 1E-05 7451 7452 7453 745
746 734 20570 711 5801 1E-05 none 7462 7463 746
747 746 18358 | 7141 2152 1E-05 none 7472 7473 747
748 747 42375 | 714 2173 0.019 7481 7482 7483 748
748 747 13145 | 711 5034 0.007 none 7482 7493 749
750 749 338.25 | 746 1678 1E-05 7501 7502 7503 750
751 749 408.75 | 74.6 2827 0.004 7511 7812 7513 751
752 746 18252 7114 2166 1E-05 none 7522 7523 752
753 752 1624 71.14 0890 0.005 7531 7532 7533 753
754 752 16378 71.1 3679 0.011 none 7542 7543 754
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755 754 150.25 75 1487 0.014 7551 7552 7553 755

756 754 1 15822 75 3492 6E-05 none 7582 7563 756
757 756 15214 75.2 775 0.003 none 7572 7573 757
758 757 543.25 | 754 645 0.008 | none 7582 7583 758
759 758 224 76 1840 0.019 7591 7592 7503 758
760 758 303.5 76 2806 0.016 7601 7602 7603 760
761 757 14620 754 3301 0.002 none 7612 7613 761

782 761 276.75. | 758 2161 0.007 7621 7622 7623 762
763 781 13993 75.9 987 0.015 none 7632 7633 763
764 7683 13315 774 2844 1E-05 none 7842 7643 764
765 764 953.25 | 774 875 0.001 none 7652 7653 765
766 765 198.25 | 77.5 1319 0.016 7661 7662 7663 766
767 765 718 77.5 1216 0.006 none 7672 7673 767
768 767 208.75 | 78.2 1187 0.057 7681 7682 7683 768
768 767 371.5 78.2 3264 0.017 7681 7692 7693 768
770 764 11912 77.4 3330 0.006 none 7702 7703 770
771 770 11162 79.4 975 0.004 nong 7712 7713 771

772 771 10330 79.8 4670 0.008 none 7722 7723 772
773 772 92385 | 824 604 1E-05 none 7732 7733 773
774 773 77423 | 824 4725 0.012 none 7742 7743 774
775 774 4901.8 | 882 3934 0.017 none 7752 7753 775
776 775 264.5 94.8 1199 0.028 | 7761 7762 7763 776
777 775 4096.5 | 94.8 4175 0.007 none 7772 7773 777
778 777 2215 97.9 825 1E-05 none 7782 7783 778
779 778 44125 | 97.9 3147 0.01 7791 7792 7793 779
780 778 17203 | 979 825 1E-05 none 7802 7803 780
781 780 163.25 | 97.9 1649 0.01 7811 7812 7813 781

782 780 1517 97.9 2273 0.011 none 7822 7823 782
783 782 1074.3 | 1004 6996 0.004 7831 7832 7833 783
784 782 303 100.4 2149 0.005 7841 7842 7843 784
785 777 1228 97.9 7056 0.008 7851 7852 7853 785
786 774 19948 | 88.2 2761 0.025 none 7862 7863 786
787 786 221.25 05 2382 0.021 7871 7872 7873 787
788 7806 1368.3 95 2956 0.02 none 7882 7883 | 788
789 788 389.75 1 101 2084 0.011 7891 7892 7893 789
790 788 307.25 101 2111 0.013 7901 7902 7903 790
791 773 14455 | 82.4 5529 0.027 none 7912 7913 791
792 791 358.75 { 973 2564 0.019 7921 7922 7923 792
793 791 342 97.3 1257 0.022 7931 7932 7933 793
794 772 408.25 | 824 3979 0.032 7941 7942 7943 794
795 771 789.25 | 79.8 775 0.007 none 7952 7953 795
796 795 366.25 | 80.3 4162 0.026 7961 7982 7963 796
797 795 370.25 | 80.3 4663 0.058 7971 7972 7973 797
798 770 411 79.4 2502 0.026 7981 7982 7983 798
798 763 600 77.4 3834 0.007 7991 7992 7993 798
800 756 22425 | 75.2 1107 0.003 8001 8002 8003 800
801 733 20108 | 711 7218 1E-05 none 8012 8013 801
802 801 1530 711 3867 0.006 none 8022 8023 802
803 802 800.75 | 734 3118 0.005 8031 8032 8033 803
804 802 287.75 | 73.4 2161 0.005 8041 8042 8043 804
805 801 158.25 | 711 1259 0.026 8051 8052 8053 808
806 732 19525 | 714 4764 8E-05 8061 8062 8083 806
807 731 549 711 3703 1E-05 8071 8072 8073 807
808 725 22046 62.9 695 0.05 none 8082 8083 808
809 808 200.5 86.4 1445 0.042 8091 8082 8093 808
810 808 21824 66.4 404 1E-05 nong 8102 8103 810
811 810 21585 66.4 1287 0.005 none 8112 8113 811
812 811 355 67.1 2344 0.017 8121 8122 8123 812
813 811 21103 87.1 321 1E-05 none 8132 8133 813
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814 813 20821 67.1 333 0.054 none 8142 8143 814
815 814 469 68.9 4784 0.008 3151 8152 8153 815
318 814 20436 68.9 1952 1E-05 none 8162 8163 216
817 816 608.5 68.9 5358 0.006 8171 8172 8173 817
818 816 19632 68.9 4534 0.007 none 8182 8183 818
819 818 161.5 72.2 1307 0.002 8191 ‘8192 8193 319
820 818 18918 72.2 2161 1E-05 none 8202 8203 820
821 820 273 72.2 1718 0.007 8211 8212 8213 8§21

822 820 18227 72.2 2877 0.004 none 8222 8223 822
823 822 17457 73.3 382 1E-05 none 8232 8233 823
824 823 15538 73.3 1169 1E-05 none 8242 8243 824
825 824 362.75 73.3 2794 0.008 8251 8252 8253 825
826 824 15133 73.3 3068 0.002 none 8262 8263 826
827 826 240.75 73.8 1973 0.01 8271 8272 8273 827
828 826 14334 73.8 1873 1E-05 none 8282 8283 828
829 828 264.5 73.8 2132 0.002 8291 8282 8293 829
830 828 13800 73.8 583 1E-05 none 8302 8303 830
831 830 238.5 73.8 2032 0.005 8311 8312 8313 831

832 830 13444 73.8 71 1E-05 none none 8323 832
833 832 1252 73.8 4758 0.004 none 8332 8333 833
834 833 361.25 | 75.9 3551 0.005 8341 8342 8343 834
835 833 413.5 75.9 1869 0.014 8351 8352 8353 835
836 832 12191 73.8 71 1E-05 none none 8363 836
837 836 180.25 73.8 1744 0.006 8371 8372 8373 837
838 836 11900 73.8 2577 0.003 none 8382 8383 838
839 838 5553 74.5 1219 0.012 none 8392 8393 839
840 839 3651 76 4042 0.006 none 8402 8403 | 840
841 840 1465.5 78.5 3289 0.008 none 8412 8413 841

842 841 216.5 81.2 1490 0.028 8421 8422 8423 842
843 841 869.25 81.2 562 0.029 none 8432 8433 843
844 843 627 82.8 3842 0.031 8441 8442 8443 844
845 843 207.75 82.8 1832 0.039 8451 8452 8453 845
846 840 1519.3 78.5 6084 0.025 none 8462 8483 846
847 846 373.5 93.6 3023 0.026 8471 8472 8473 847
848 846 364.5 93.6 2468 0.022 8481 8482 8483 848
849 839 1726.5 76 171 0.012 none 8492 8493 849
850 849 1112.8 76.2 2656 0.012 none 8502 8503 850
851 850 731.75 79.3 4712 0.027 8511 8512 8513 851
852 850 217.5 79.3 1299 0.017 8521 8522 8523 852
853 849 608.75 76.2 1299 0.015 | none 8532 8533 853
854 853 242 78.1 1669 0.016 8541 8542 8543 854
855 853 308.5 78.1 1880 0.018 8551 B552 8553 855
856 838 6179.8 74.5 766 1E-05 none 8562 8563 856
857 856 5323.3 74.5 2423 0.012 none 8572 8573 857
858 857 4920 77.1 1578 0.015 none 8582 8583 858
859 858 3045 79.4 754 0.018 none 8592 8593 859
860 859 23975 | 80.8 866 0.013 none 86802 8603 860
861 860 957 81.7 1849 0.016 none 8612 8613 861
862 861 512.5 84.9 3088 0,017 8621 8622 8623 862
863 861 3125 84.9 2527 0.015 8631 8632 8633 863
864 860 1342 81.7 2173 0.017 none 8642 8643 864
885 864 815.25 | 85.4 4498 0.014 8651 8652 8653 865
866 864 233.5 85.4 2108 0.034 8661 8662 8663 866
867 859 803 80.6 4554 0.008 8671 8672 8673 867
368 858 1742.3 784 1166 0.012 none 8682 86383 868
869 868 27425 | 80.8 1940 0.003 86971 8892 8683 869
870 868 1385 80.8 1837 0.006 none 8702 8703 370
871 870 770.75 81.7 4682 0.01 8711 8712 8713 871
872 870 500 81.7 2506 0.004 8721 8722 8723 872
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873 857 | 25925 | 77.9 2281 | 0.025 | 8731 | 8732 | 8733 873
874 856 | 82175 | 745 | 5349 | 0.017 | 8741 | B742 | 8743 874
875 823 | 1848.8 | 73.3 71 1£-05 | none | none | 8753 875
876 875 | 1433.3 | 73.3 505 | 1E-05 | none | 8762 | 8763 876
877 876 | 21625 | 73.3 | 2123 | 0.007 | 8771 | 8772 | 8773 877
878 876 1206 | 73.3 1278 | 0.003 | none | 8782 | 8783 878
879 878 | 962.75 | 737 583 | 0.002 | none | 8792 | 8793 879
280 879 | 3905 | 73.8 | 2032 | 0016 | 8801 | 8802 | 8803 880
881 879 | 524.75 | 73.8 483 | 0.008 | none | 8812 | 8813 881
882 881 | 24725 | V4.1 1961 | 0.012 | 8821 | 8822 | 8823 882
883 881 2665 | 74.1 2732 | 0.014 | 8831 | 8832 | 8833 883
884 878 | 161.25 | 737 | 1449 | 0016 | 8841 | 8842 | 8843 884
885 875 415 733 | 5512 | 0.012 | 8851 | 8852 | 8853 885
886 822 | 44425 733 | 3106 | 0.01 8861 | 8862 | 8863 886
887 813 | 161.75 | 67.1 1098 | 0.038 | 8871 | 8872 | 8873 887
838 810 | 219.25 | 66.4 1178 | 0.031 | 8881 | 8882 | 8883 888
889 725 | 3365 | 62.9 | 2739 | 0.025 | 8891 | 8892 | 8893 889
890 724 | 28047 | 614 | 7087 | 0.007 | none | 8902 | 8903 890
891 890 | 27014 | 66.1 954 | 0.004 | none | 8912 | 8913 891
892 801 | 26541 | 66.5 916 | 1E-05 | none | 8922 | 8923 892
893 892 524 66.5 | 3351 | 0.017 | 8931 | 8932 | 8933 803
894 892 | 25910 | 66.5 212 | 1E-05 | none | 8942 | 8943 894
895 804 | 18145 | 66,5 | 3027 | 0.005 | none | 8952 | 8953 895
896 895 | 467.25 | 68.1 3877 | 0.019 | 8961 | 8962 | 8963 896
897 895 | 1050.8 | 68.1 6949 | 0.009 | 8971 | 8972 | 8973 897
898 804 | 24075 | 66.5 1882 | 0.012 | none | 8982 | 8983 808
899 808 | 10872 | 68.8 | 4891 0.01 none | 8992 | 8993 899
900 899 234 73.8 1707 | 0.036 | 9001 | 9002 | 9003 900
901 899 | 10064 | 738 | 5786 | 0.01 none | 9012 | 9013 901
902 901 6974 | 795 242 | 0.008 | none | 9022 | 9023 902
903 902 294 79.7 1699 | 0.02 | 9031 | 9032 | 9033 903
904 902 | 6675.8 | 797 | 2461 | 0.007 | none | 9042 | 9043 904
905 904 | 1945 | 815 | 2061 | 0.022 | 9051 | 9052 | 9053 905
906 904 6198 | 815 725 | 0.004 | none | 90562 | 9063 906
907 906 | 7305 | 81.8 625 | 1E-05 | none | 9072 | 9073 907
908 907 | 444.75{ 818 | 3959 | 0.024 | 9081 | 9082 | 9083 208
909 907 219 81.8 1137 | 0.007 | 9091 | 9092 | 9083 909
910 906 | 5390.3 | 81.8 | 2099 | 0.007 | none | 9102 | 9103 910
911 910 | 357.75 ] 833 | 3101 | 0.004 | 8111 | 9112 | 9113 911
912 910 | 47465 | 83.3 1345 | 0.008 | none | 9122 | 9123 912
913 912 3301 84.4 1432 | 0003 | none | 9132 | 9133 913
914 913 | 82325{ 848 | 6886 | 0.012 | 9141 | 9142 | 9143 914
915 913 | 22393 | 848 | 2019 | 0.02 | none | 9152 | 9153 915
916 915 214 88.8 1366 | 0.01 9161 | 9162 | 9163 916
917 915 | 1756.8 | 88.8 654 | 1E-05 | none | 9172 | 9173 917
918 917 | 14713 | 888 | 3344 | 0014 | none | 9182 | 9183 918
919 918 | 806.75 | 93.6 421 0.017 | none | 9192 | 9193 919
920 919 162125] 943 | 3239 | 0.01 0201 | 9202 | 9203 920
921 919 | 165.75 | 94.3 1119 | 003 | 9211 | 9212 | 9213 921
922 918 | 156.5 | 93.6 1289 | 0.019 | 9221 | 9222 | 9223 922
923 917 | 2285 | 88.8 1628 | 0.015 | 9231 | 9232 | 9233 923
324 912 1177 | 844 342 | 1E-05 @ none | 9242 | 9243 924
925 924 | 46075 | 84.4 171 1E-05 | none | 9252 | 9253 925
926 925 | 152.75 | 84.4 1899 | 0.036 | 9261 | 9262 | 9283 926
927 925 | 304.75 | 844 | 23438 | 0025 | 9271 | 9272 | 9273 927
928 924 | 701.75 | 84.4 | 3747 | 0015 | 9281 | 9282 | 9283 928
929 901 | 21995 | 795 | 2450 | 0.02 none | 9202 | 9293 929
930 929 | 16165 | 84.4 | 2668 | 0.002 | none | 9302 | ©303 930
931 930 | 489.25 | 85 3492 | 0.017 | 9311 | 9312 | 9313 931
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932 930 380.5 85 1449 0.014 93214 9322 9323 932
933 929 328.5 84.4 2123 0.008 9331 9332 9333 933
934 898 13108 | 68.8 645 0.016 none 9342 9343 534
935 934 249 69.8 3409 0.045 9351 9352 9353 935
936 934 12778 69.8 483 0.006 none 9362 9363 936
937 936 97975 | 701 1518 0.012 none 9372 9373 937
938 937 207.5 71.8 1773 0.042 9381 9382 9383 938
939 937 847651 719 757 0.0114 none 9392 9383 939
940 939 322 72.7 2473 0.045 9401 9402 9403 940
941 939 9108.5 | 727 433 18-05 | none 0412 9413 841
942 941 89225 | 727 2577 0.004 none 9422 9423 942
943 942 399 737 1944 0.013 9431 2432 9433 943
944 942 82553 1 73.7 2569 0.008 none 9442 9443 044
945 944 3877.5 | 75.2 1761 0.02 none 9452 9453 945
946 045 220 78.7 1557 0.063 9461 9462 9463 946
947 945 3577.5 | 787 645 1E-05 none 9472 9473 947
948 047 2009.8 | 78.7 2456 0.01 none 9482 9483 948
949 048 869.5 81.1 5282 0.024 9491 9492 9493 949
950 048 861.5 81.1 5665 0.028 9501 9502 9503 950
951 947 1551 78.7 1278 0.005 none 9512 9513 951
962 951 1103 79.3 454 0.027 none 9522 9523 952
953 952 379.76 | 80.5 3822 0.015 9531 9532 9533 853
954 952 708.5 80.5 5798 0.047 9541 9542 9543 954
955 951 390.25 | 79.3 3268 0.012 9551 9552 9553 955
956 944 37348 | 75.2 1249 0.014 none 9562 9563 956
957 956 186.25 77 1387 0.013 9571 9572 8573 957
958 956 3292.5 77 1698 0.014 none 9582 9583 958
959 958 2977.3 | 79.3 3418 0.01 none 9502 9503 959
960 959 346 82.8 2747 0.075 9601 9602 9603 960
961 959 22975 | 82.8 442 0.014 none 9612 9613 | 961
962 961 20385 | 83.4 4239 0.019 none 9622 9623 962
963 962 440.75 | 91.6 2411 0.042 9631 9632 9633 963
964 962 11148 | 916 292 0.003 none 9642 9643 964
965 964 389.75 | - 91.7 2144 0.012 9651 9852 9653 965
966 964 701 91.7 1752 0.018 none 9662 9663 966
967 966 147 94.5 1799 0.037 9671 9672 9673 967
968 966 337.75 | 945 3939 0.023 9681 9682 9683 968
969 961 250.5 83.4 1216 0.004 9691 9692 9693 969
970 958 223 79.3 1419 0.012 9701 9702 9703 970
971 941 166 72.7 1066 0.005 9711 9712 9713 971
972 936 20625 1 701 883 0.013 none 9722 9723 972
973 972 20115 | 712 612 0.008 none 9732 89733 973
974 973 176.5 71.7 1316 0.021 9741 9742 9743 974
975 973 1796 71.7 2599 0.011 none 9752 9753 975
976 975 840.25 | 74.5 5129 0.005 9761 9762 9763 976
977 975 676.5 74.5 3558 0.004 9771 9772 9773 977
978 972 867 71.2 1740 0.014 none 9782 9783 978
979 978 508,75 | 737 4137 0.012 9791 9792 9793 979
980 978 201 73.7 1540 0.008 9801 9802 9803 980
981 881 367.25 | 66.5 1861 0.028 9811 9812 9813 981
082 890 381.75 | 66.1 2908 0.028 9821 9822 9823 982
983 723 1464 61.4 5863 0.017 none 9832 8833 83
884 983 273.25 | 71.2 2173 0.008 9841 0842 0843 984
985 983 23825 | 71.2 2685 0.01 9851 8852 9853 985
086 722 2839 58.9 5774 0.02 none 9862 9863 286
987 988 15405 | 70.7 833 0.001 none 9872 9873 o087
088 987 47528 | 70.8 2356 0.003 9881 9882 9883 988
988 987 1027.8 | 70.8 2877 0.003 none 9892 9893 988
980 988 208 71.8 2214 0.016 9901 9802 9903 290




281 989 566.5 71.8 825 0.018 none 9912 29143 291
882 991 266 73 1682 0.013 9921 8922 2923 892
993 281 261.75 73 1799 0.007 9931 9032 9933 993
994 986 23775 | 707 2277 0.002 9841 9942 9943 994
995 721 945.5 58.6 1045 0.034 none 99852 9953 995
996 995 663.5 62.2 1269 0.032 none 9962 99863 996
997 996 246 66.2 1478 0.005 9971 9972 9973 987
808 996 191.75 | 66.2 1007 0.007 2981 9682 9983 998
998 985 237.75 | 622 1307 0.032 9891 9982 8983 909
1000 720 21125 | 576 1781 0.043 | 10001 @ 10002 | 10003 1000
1001 243 214 57 2102 0.038 | 10011 | 10012 | 10043 | 1001
1002 238 816.5 48.7 7264 0.028 | 10021 § 10022 | 10023 1002
1003 237 8458.3 | 48.7 483 0.017 none 10032 | 10033 1003
1004 1003 6589 49.5 5363 0.031 none 10042 | 10043 1004
1005 1004 | 3330.3 | 658 2223 0.003 none 10052 | 10053 1005
1006 1005 | 992.75 { 66.6 6610 0.007 | 10061 | 10062 | 10063 1006
1007 1005 | 21823 | 666 1569 0.005 none 10072 | 10073 1007
1008 1007 1567 67.3 9966 0.005 none 10082 | 10083 1008
1008 1008 163.5 72.4 1466 0.014 | 10081 @ 10092 | 10093 1008
1010 1008 176.5 72.4 1337 0.013 | 10101 | 10102 | 10103 1010
1011 1007 538.5 67.3 4679 0.011 | 10111 | 10112 | 10113 1011
1012 1004 | 23588 | 659 15686 1E-05 | none 10122 | 10123 1012
1013 1012 | 18535 | 65.9 4637 0.00¢ none 10132 | 10133 1013
1014 1013 | 10985 ¢ 70.2 1799 0.008 none 10142 | 10143 1014
1015 1014 719 71.6 3559 0.01 10151 | 10152 | 10153 1015
1016 1014 203.5 71.6 1669 0.016 | 10161 | 10162 | 10163 1016
1017 1013 | 18725 | 70.2 1237 0.013 | 10171 | 10172 | 10173 1017
1018 1012 | 404.75 | 659 3834 0.015 | 10181 | 10182 | 10183 1013
1019 1003 1842 49.5 1569 0.035 none 10192 | 10193 1018
1020 1019 | 1435 55 2094 0.034 none 10202 | 10203 1020
1021 1020 194 62.1 1407 0.058 | 10211 | 10212 | 10213 1021
1022 1020 904 62.1 7805 0.019 | 10221 § 10222 | 10223 1022
1023 1019 170.5 55 1128 { 0.0122 | 10231 | 10232 | 10233 1023
1024 234 1032.3 | 487 8721 0.031 | 10241 | 10242 | 10243 1024
1025 233 264.75 | 48.7 2573 0.076 | 10251 | 10252 | 10253 1025
1026 232 236.25 | 487 2473 0.087 | 10261 | 10262 | 10263 1026
1027 189 40688 46.8 895 0.026 none 10272 | 10273 1027
1028 1027 | 188.75 | 4941 2169 0.056 | 10281 | 10282 | 10283 1028
1029 1027 | 40423 49.1 454 0.013 none 10282 | 10293 1028
1030 1029 | 1781.3 | 487 3347 0.024 none 10302 | 10303 1030
1031 1030 | 12148 | 577 2497 0.022 none 10312 | 10313 1031
1032 1031 | 189.75 | 63.3 1219 0.046 | 10321 | 10322 | 10323 1032
1033 1031 | 899.756 | 63.3 4987 0.025 | 10331 | 10332 | 10333 1033
1034 1030 310.5 57.7 2219 0.06 10341 | 10342 | 10343 1034
1035 1029 | 38626 48.7 2540 0.002 none 10352 | 103583 1035
1036 1035 | 37542 50.1 5915 0.002 none 10362 | 10363 1038
1037 1036 | 36450 51.4 937 1E-05 none 10372 | 10373 1037
1038 1037 256 51.4 1980 | 0.0117 | 10381 | 10382 | 10383 1038
1038 1037 | 36141 51.4 1254 0.008 none 10392 | 10383 1038
1040 1038 | 30030 52.5 3708 0.005 nons 10402 | 10403 1040
1041 1040 | 27967 544 1087 0.009 none 10412 | 10413 1041
1042 1041 687 §5.4 37014 0.056 ! 10421 | 10422 | 10423 1042
1043 1041 27084 55.4 1945 0.008 none 10432 | 10433 1043
1044 1043 | 26792 58.5 121 1E-05 | none 10442 | 10443 1044
1045 1044 4165 56.8 2211 £.008 none 10452 | 10453 1048
1046 1045 | 138.25 58 1028 | 0.0185 | 10461 | 10462 | 10463 1048
1047 1045 | 3765.3 58 1249 0.021 none 10472 | 10473 1047
1048 1047 | 27368 | 606 2077 0.003 none 10482 | 10483 1048
1048 1048 218 615 2284 0.084 | 10481 | 10492 | 10493 1048
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1050 1048 | 181831 615 766 1E-05 none 10502 | 10503 | 1050

1051 1050 | 1264.3 | 815 7226 0.02 10511 | 10512 | 19513 1051

1052 1050 | 476.25 ¢ 615 4292 0.035 | 10521 | 10522 | 10523 1052
1053 1047 935.5 60.6 5325 0.022 | 10531 | 10532 | 105833 1053
1054 1044 22625 56.6 1866 1E-05 none 10542 | 10543 1054

1055 1054 | 22218 56.6 754 1E-05 none 10552 | 10553 1055

1058 1055 | 56175 | 568 433 1E-05 none 10562 { 10563 1056
1057 1056 381.5 56.6 242 0.062 none 10572 | 10573 1057
1058 1057 234.5 58.1 1378 0.03 10581 | 10582 | 10583 1058
1059 1057 142.5 58.1 1087 0.051 10591 | 10592 | 10563 1059
1060 1056 172 56.6 1225 0.055 | 10801 | 10602 | 108603 1080
1061 1058 21629 56.6 412 1E-05 none 10812 | 10613 1061

1062 1061 21396 56.6 1480 0.003 none 10622 | 10623 1062
1063 1062 | 21015 57.1 2132 0.025 none 10632 | 10633 1063
1064 1063 18716 62.5 1245 0.003 | neone 10642 | 10643 1064
1065 1064 807 62.9 1328 0.014 none 10652 | 10653 1065
1066 1065 | 205.25 | 64.8 1478 0.021 | 10681 | 10662 | 10663 1066
1067 1065 561 64.8 775 1E-05 none 10672 | 10673 1067
1068 1067 288.5 64.8 1228 0.042 | 10881 | 10682 | 10683 1068
1069 1067 | 238.25 | 64.8 1740 0.005 | 10681 | 10692 | 10693 1069
1070 1064 17622 62.9 5806 0.002 none 10702 | 10703 1070
1071 1070 16571 64.2 404 1E-05 | none 10712 1 10713 1071

1072 1071 16032 64.2 354 1E-05 none 10722 | 10723 1072
1073 1072 4383 64.2 6074 0.006 none 10732 1 10733 1073
1074 1073 | 34213 | 68.1 2302 0.024 none 10742 | 10743 1074
1075 1074 529.5 73.7 3908 0.002 | 10751 | 10752 | 10753 1075
1076 1074 | 24978 | 73.7 2856 1E-05 none 10762 | 10763 1076
1077 1076 | 650.25 | 73.7 4001 0.009 | 10771 | 10772 | 10773 1077
1078 1076 | 13423 | 737 1257 0.01 none 10782 | 10783 1078
1079 1078 | 300.75 75 2714 0.004 | 10791 | 10792 | 10793 1079
1080 1078 | 939.75 75 5241 0.002 { 10801 ; 10802 | 10803 1080
1081 1073 264.5 68.1 1666 0.023 | 10811 | 10812 | 10813 1081

1082 1072 11618 64.2 878 1E-05 none 10822 | 10823 1082
1083 1082 10558 64.2 3034 1E-05 none 10832 | 10833 1083
1084 1083 | 31825 | 64.2 2444 0.03 10841 | 10842 | 10843 1084
1085 1083 | 9893.8 | 64.2 1004 1E-05 none 10852 | 10853 1085
1086 1085 | 7638.3 | 64.2 242 1E-03 none 10862 | 10863 1086
1087 1086 | 4831.3 | 64.2 1440 0.003 none 10872 | 10873 1087
1088 1087 311 64.6 2173 0.046 | 10881 | 10882 | 10883 1088
1088 1087 | 4379.8 | 646 9010 0.008 none 10882 | 10893 1089
1090 1089 | 13325 | 716 2061 0.001 none 10902 | 10803 1080
1081 1080 329 71.8 1495 0.027 | 10811 | 10912 | 10813 1091
1092 1090 763.5 71.8 2577 0.018 none 10922 | 10823 1092
1093 1092 202 76.5 1568 0.011 10831 | 10932 | 10933 1093
1094 1092 229 76.5 2282 0.015 | 10941 | 10842 | 10943 1094
1085 1089 | 16218 | 716 875 1E-05 none 10952 | 10953 1095
1096 1095 248 71.8 1723 0.038 | 10861 | 10962 | 10963 1096
1087 1095 1318 71.6 1054 0.01 none 10972 | 10873 1087
1098 1097 581 72.7 2880 0.027 | 10981 | 10982 | 10983 1028
1098 1097 | 648.75 | 727 4009 0.018 | 10981 | 10992 | 10983 1098
1100 1086 2799 64.2 71 1E-05 none none 11003 1100
1101 1100 501.5 64.2 53582 0.007 | 11011 | 11012 | 11013 1101
1102 1100 | 22945 | 64.2 454 1E-05 none 11022 | 11023 1102
1103 1102 | 6842.75 | 064.2 4447 0.008 | 11031 | 11032 | 11033 1103
1104 1102 1639 84.2 866 1E-05 nong 11042 | 11043 1104
1105 1104 | 13898 | 64.2 1428 £.006 none 11052 | 11083 1105
1106 1105 | 1108.3 65 8065 0.031 11061 | 11062 | 110863 1108
11067 1105 | 193.75 85 1723 0.024 | 11071 | 11072 | 11073 1107
1108 1104 2014 64.2 2080 0.015 | 11081 | 11082 | 11083 1108
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1109 1085 2218 64.2 8358 0.023 none 11092 1 11083 1109

1110 1108 853 83.1 787 £.008 none 11102 | 11103 1110

1111 1110 | 62825 : 837 1066 0.013 none 11142 | 11113 1111

1112 1111 172 85.1 1445 0.014 | 11124 | 11122 | 11123 | 1112

1113 1111 274.5 85.1 1199 0.021 | 11431 | 11132 | 11133 1113
1114 1110 174 83.7 2132 0.024 | 11141 | 11142 | 11143 1114
1115 1109 494.5 83.1 725 0.03 none 111562 1 11153 1115
1116 1115 | 22875 | 853 1166 0.028 | 111681 | 14162 | 11183 1116
1117 1115 158 85.3 1687 0.017 | 11171 | 14172 | 11173 1117
1118 1082 | 1012.3 | 64.2 6348 0.03 none 11182 | 11183 1118
1118 1118 255 83 1318 0.032 ¢ 11191 | 11192 | 11193 1119
1120 1118 180 83 1387 0.033 | 11201 | 11202 | 11203 1120
1121 1071 522 64.2 454 1E-05 none 11212 | 11213 1121

1122 1121 177 64.2 1349 0.022 | 11221 | 11222 | 11223 1122
1123 1121 335 64.2 3030 0.067 | 11231 | 11232 | 11233 1123
1124 1070 308 64.2 3289 0.082 | 11241 | 11242 | 11243 1124
1125 1063 2149 62.5 2527 0.037 none 11252 | 11253 1125
1126 1125 1460 71.8 2914 0.034 none 11262 | 11263 1126
1127 1128 818 81.8 4013 0.016 | 11271 | 11272 | 11273 1127
1128 1126 | 511.75 | 81.8 1475 0.011 none 11282 | 11283 1128
1129 1128 | 249.75 | 831 1395 0.017 | 11291 | 11282 { 11283 1129
1130 1128 | 182.25 | 831 1016 $.013 § 11301 | 11302 | 11303 1130
1131 1125 | 507.75 | 71.8 2294 0.043 | 11311 [ 11312 | 11313 1131

1132 1062 | 203.75 | 571 1569 | 0.0126 { 11321 | 11322 | 11323 1132
1133 1061 221 56.6 1902 | 0.0106 | 11331 | 11332 | 11333 1133
1134 1054 | 155.25 | 56.6 1528 0.092 | 11341 | 11342 | 11343 1134
1135 1043 195.5 56.6 1057 0.048 | 11351 | 11352 | 11353 1135
1136 1040 | 15975 | 544 937 0.069 none 11362 | 11363 1136
1137 1136 181 60.9 1266 0.016 | 11371 { 11372 | 11373 1137
1138 1136 | 1362.3 | 60.9 5520 0.024 none 11382 | 11383 1138
1139 1138 | 377.25 | 7441 2735 0.029 | 11391 | 11392 [ 11393 1139
1140 1138 444.5 74.1 3509 0.031 11401 | 11402 | 11403 1140
1141 1039 | 5658.8 | 525 1257 0.006 none 11412 | 11413 1141

1142 1141 | 5369.8 | 53.3 2385 0.025 none 11422 | 11423 1142
1143 1142 ) 276.25 | 59.2 2302 0.023 | 11431 | 11432 | 11433 1143
1144 1142 4895 59.2 725 0.012 none 11442 | 11443 1144
1145 1144 | 28423 | 60.4 5727 0.009 none 11452 | 11453 1145
1146 1145 547.5 65.3 4542 0.043 | 11461 | 11482 | 11463 1146
1147 1145 | 12243 | 653 292 1E-05 none 11472 | 11473 1147
1148 1147 | 910751 653 1207 0.009 none 11482 | 11483 1148
1149 1148 | 300.25 | 664 1695 0.011 11481 | 11492 | 11483 1149
1150 1148 | 508B.75 | 66.4 5328 0.042 | 11501 | 11502 | 11503 1150
1151 1147 153.5 65.3 1116 0.028 | 14511 | 11512 | 11513 1151
1152 1144 [ 20255 | 60.1 2123 0.05 none 11822 | 11523 1152
1153 1152 | 12935 | 706 3935 0.017 none 11532 | 11533 1183
1154 1153 816.5 77.4 442 0.014 none 11542 | 11543 1154
1155 1154 | 447.75 78 2582 £.023 { 11551 | 11552 1 11553 1155
1156 1154 1 330.25 78 2040 0.017 1 11561 | 11562 | 11563 1156
1157 1153 | 20025 1 774 1678 0.023 | 11571 | 11572 | 11573 1157
1158 1152 | 466.25 70.8 1928 0.046 | 11581 | 11582 | 11583 1158
1159 1141 | 222.25 | 533 2173 | 0.0116 | 11591 | 11502 | 11583 1158
1160 1036 | 366.75 ] 514 1869 0.078 | 11601 | 11602 | 11603 1160
1161 1038 710 50.1 6272 0.016 | 11811 | 11612 | 11613 1161
1162 184 11345 46.8 262 0.073 none 11622 | 11623 1162
1163 1162 767 48.7 3801 8E-05 | 11631 | 11632 | 11633 1163
1164 1162 10571 48.7 766 0.004 nong 11642 | 11643 1164
1165 1164 10345 48 1482 1E-05 none 11652 | 11853 1165
1166 1165 6422 49 142 1E-08 none 11662 | 11683 1166
1167 1186 | 5162.3 49 2672 1E-05 none 11672 | 11673 1167




1168 1167 | 202.25 49 1861 0.008 | 11881 | 11682 | 11883 1168
1169 1167 | 5628.3 49 1511 1E-05 none 11602 | 11693 | 1189
1170 1169 | 4472.8 49 1461 1E-05 nong 11702 | 11703 1170
1171 1170 241 49 1037 1E-05 | 11711 | 11712 | 11713 14714
1172 1170 4152 49 121 1E-05 none none 11723 1172
1173 1172 | 37815 49 200 1E-05 none 11732 | 11733 1173
1174 1173 715.5 49 842 1E-05 nong 11742 ¢ 11743 1174
1175 1174 | 374.25 49 2818 0.005 | 11751 | 11752 | 117583 1175
1176 1174 322.5 49 1407 0.008 | 11761 | 11762 | 11763 1176
1177 1173 3082 49 725 1E-05 none 11772 ¢+ 11773 1177
1178 1177 | 382.25 49 2894 0.034 | 11781 | 11782 | 11783 1178
1178 1177 | 2653.8 45 525 1E-05 none 11792 | 11793 1179
1180 1179 2264 49 1885 0.008 none 11802 | 11803 1180
1181 1180 356 50.5 3772 0.048 | 11811 | 11812 | 11813 1181
1182 1180 1656 50.5 171 1E-05 none 11822 | 11823 1182
1183 1182 | 1489.8 | 50.5 1440 0.017 none 11832 | 11833 1183
1184 1183 286 52.9 2806 0.062 | 11841 | 11842 | 11843 1184
1185 1183 | 91575, 52.9 1016 0.027 none 11852 | 11853 1185
1186 1185 201.5 55.6 1862 0.042 | 11861 | 11862 | 11863 1186
1187 1185 527.5 55.6 3804 0.08 11871 1 11872 | 11873 1187
1188 1182 162.5 50.5 1687 0.074 | 11881 | 11882 | 11883 1188
1189 1179 375.5 49 3380 0.058 | 11891 | 11892 | 11893 1189
1190 1172 | 369.75 49 3668 0.06 11901 | 11902 | 11903 1190
1191 1169 [ 1031.3 49 121 1E-05 none 11912 | 11913 1191
1192 1191 286 49 3501 0.048 { 11921 | 11922 | 11923 1192
1193 1191 739 49 504 1E-05 none 11932 | 11933 1193
1194 1193 290.5 49 3651 0.073 | 11941 | 11942 | 11943 1194
1195 1193 442 49 2702 0.06 11951 | 11952 | 11953 1195
1196 1166 250.5 49 1166 0.008 | 11961 | 11962 | 11963 1196
1197 1165 | 37355 49 6365 0.029 none 11972 | 11973 1197
1198 1197 ] 291356 | 674 312 0.096 none 11982 | 11983 1198
1199 1198 | 2563.8 | 70.4 645 0.012 none 11992 | 119893 1199
1200 1189 1091 71.2 4472 0.021 none 12002 | 12003 1200
1201 1200 201 80.5 1249 0.012 | 12011 | 12012 { 12013 1201
1202 1200 593.5 80.5 1519 0.01 none 12022 | 12023 1202
1203 1202 | 234.25 82 1540 0.015 | 12031 | 12032 | 12033 1203
1204 1202 | 227.25 82 1478 0.022 | 12041 | 12042 | 12043 1204
1205 1199 | 14413 | 71.2 2673 0.021 none 12052 | 12053 1205
1206 1205 | 276.75 | 76.7 2435 0.027 | 12081 | 120862 | 12063 1206
1207 1205 902.5 76.7 921 1E-05 none none 12073 1207
1208 1207 | 40525 1 76.7 3019 0.009 | 12081 | 12082 | 12083 1208
1209 1207 494.5 76.7 2123 0.007 | 12091 | 12092 | 12093 1209
1210 1198 341.5 70.4 3332 0.037 | 12101 | 12102 | 12103 1210
1211 1197 252.5 67.4 1861 0.063 | 12111 | 12112 | 12913 1211
1212 1164 | 167.25 49 1169 0.002 | 12121 | 12122 | 12123 1212
1213 183 366.5 46.8 2378 0.085 | 12131 | 12132 | 12133 1213
1214 182 226 46.8 3097 0.062 | 12141 | 12142 | 12143 1214
1215 181 542.5 46.8 4746 0.047 | 12151 | 12152 | 12153 1215
1216 178 45525 | 46.8 5554 0.039 | 12161 | 12162 | 12163 1216
1217 1714 45575 | 46.8 2532 0.006 | 12171 | 12172 | 12173 1247
1218 170 1464.3 | 46.8 833 0.008 nene 12182 | 12183 1218
1218 1218 | 1246.3 | 473 7181 0.028 none 12192 § 12183 1218
1220 1219 380.5 67.8 2140 0.04 12201 | 12202 | 12203 1220
1221 1219 225.5 67.8 1816 0.053 | 12211 | 12212 | 12213 1221
1222 1218 | 184.75 1 473 1380 0.012 | 12221 | 12222 | 12223 1222
1223 168 406 46.8 2872 0.008 | 12231 | 12232 | 12233 1223
1224 88 23575 | 46.8 2202 0.011 12241 | 12242 | 12243 1224
1225 21 520.75 45 7206 0.024 | 12251 | 12252 | 12253 1225
1226 20 769.5 45 1437 0.04 none 12262 | 12263 1226




1227 1228 305 50.8 1448 0.008 | 12271 | 12272 ; 12273 ; 1227
1228 1226 367 50.8 4030 $.01 12281 ¢ 12282 | 12283 | 1228
1228 9 1703.5 | 4186 7593 0.025 none | 12292 | 12293 | 1229
1230 1229 212.5 60.7 1337 0.054 | 12301 | 12302 | 12303 | 1230
1231 1229 839.5 60.7 1128 0.018 | none | 12312 | 12313 | 1231
1232 1231 | 19625 | 627 1307 0.056 | 12321 { 12322 | 12323 | 1232
1233 1231 1 186.25 | 62.7 1037 0.017 | 12331 | 12332 § 12333 | 1233
1234 4 571.75 1 416 4422 0.052 | 12341 | 12342 | 12343 1234
1235 3 1174.8 | 416 995 0.043 none | 12352 | 12353 | 1235
1238 1235 191.5 45.9 2032 0.085 | 12361 | 12362 | 12363 | 1236
1237 1235 852.5 45.9 5599 0.032 | 12371 | 12372 | 12373 | 1237
1238 2 359.5 41.8 4418 0.027 | 12381 | 12382 | 12383 | 1238

Number of celis (source, left, right, & total): 619 1231 1227 3077
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C.3. WATERSHED CELL PARAMETERS

AgFiow Version 2.02: 08/21/00: AnnAGNPS cell, reach, & subarea data from DEM-related parameters
SUBAREA REPORT

Run Date: 9/12/2002 Run Time: 20:54:21

SOUTH NATION WATERSHED

Code 1: 200 & 500 Code 2: 26 & 200 Code 3: 10 & 100 Code 4: 10 & 50

Using default values for LS-factor parameters

SubArea |Dralnage Number of Rasters within Land LS Factor

1D Area | Source | Right Left | Subarea|Channel| Slope Cale. Read
{ha) K 2 '3 4 {m/m) {-} {-)

1 0 0 0 0 0 0 |OUTLET

2 503.25 0 695 1318 2013 62 0.0252 | 0.439

3 116.25 0 120 345 465 19 0.0348 | 056

4 127 0 290 218 508 26 0.022 0.376

5 31.5 0 78 48 126 15 0.0255 | 045

8 203 577 189 36 812 20 0.0327 | 0.624

7 297.75 0 205 986 1191 18 0.0311 0.54

8 175 401 168 131 700 24 0.022 0.37

9 279 0 388 728 1116 24 1 0.0281 0.5

10 38 0 67 85 152 13 0.0312 | 0.484

11 177.25 618 37 54 709 19 0.0158 | 0.247

12 350.5 0 224 1178 1402 44 0.0305 | 0.522

13 375 440 758 302 1500 57 0.0179 | 0.285

14 162.5 0 600 50 650 10 0.099 0.153

15 329 601 270 445 1316 58 0.0157 | 0.254

16 427.25 0 437 1272 1709 58 0.0232 | 0411

17 304.25 0 478 739 1217 36 0.07 0.114

18 318.25 408 356 509 1273 23 0.0211 | 0.352

19 1170.8 400 2395 1888 4683 145 0.0172 | 0.278

20 92.75 0 0 371 371 1 0.072 0.114
21 198.5 0 366 428 794 32 0.015 0.227
22 56.25 0 136 89 225 18 0.0219 | 0.337
23 401,25 0 701 904 1605 52 0.058 0.098
24 142.5 0 208 362 570 28 0.032 0.065
25 149.75 419 58 122 599 21 0.0159 | 0.261
26 152.25 456 104 52 609 | 20 0.0138 | 0.227
27 32 0 75 1 53 128 15 0.084 0.127
28 741.25 423 1864 678 2965 96 0.0136 ; 0.221
29 382.5 0 898 632 1530 31 0.056 0.093
30 320.25 544 629 108 1281 22 0.042 0.077
31 28.5 0 46 68 114 14 0.05 0.083
32 803.25 0 1742 1471 3213 54 0.059 0.008
33 181 0 443 321 764 30 0.091 0.143
34 375.25 511 318 672 1501 35 0.052 0.089
35 385.25 0 799 742 1541 53 0.07 0.113 |
36 387.25 0 1061 498 1549 51 0.0101 | 0.161
37 252.25 412 215 382 1009 37 0.0225 | ©.394
38 326.75 404 572 331 1307 38 0.0189 | 0.317
39 189.5 427 62 269 758 20 0.098 0.154
40 318.25 400 681 182 1273 43 0.045 | 0.078
41 338.25 { 405 479 469 1353 42 0.0585 0.092
42 ] 811.25 0 1351 1094 2445 61 0.004 0.147
43 187.25 0 188 561 749 20 0.036 0.088
44 185.5 Y 580 202 782 35 0.043 0.078
45 385.75 0 868 715 1583 49 0.048 0.082
48 237.5 483 159 328 950 30 0.048 0.085

OOOOC)OOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOODOOOOOO

47 216.25 436 200 225 865 47 0.036 0.069
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48 284.75 517 270 352 1138 41 0.048 0.084 Y
438 18.25 0 19 54 73 g 0.048 0.08 0
50 700.5 Y 1549 1253 2802 70 0.0118 | 0.195 0
51 21.25 0 48 37 85 4 0.067 0.109 0
52 261.5 409 48 589 1046 18 0.074 0.121 Y
53 1024.5 0 1758 2342 4098 121 0.0153 | 0.244 0
54 18.25 0 39 38 77 10 0.0235 | 0.338 0
55 530.5 408 978 739 2122 56 0.069 0.118 G
58 449.5 525 811 662 1798 97 0.0142 | 0.236 0
57 385.75 0 1473 70 1543 19 0.0117 | 0479 0
58 311.25 408 530 307 1245 36 0.0104 | 0.166 0
59 128.75 0 389 126 515 31 0.0134 0.21 0
60 212.25 438 121 290 849 37 0.062 0.106 0
81 116.25 0 235 230 465 56 0.081 0.128 0
62 254 504 368 143 1016 28 0.0133 | 0.212 0
63 1082.8 446 1863 2050 4359 126 0.0165 | 0.267 0
64 164.75 468 113 78 659 25 0.01 0.158 0
65 557 0 1076 1152 2228 155 0.0179 0.27 0
86 215 G 41 45 86 8 0.0131 0.19 0
67 513 0 480 1572 2052 62 0.08 0.125 0
68 86.5 0 39 307 346 10 0.068 0.108 0
69 111.25 0 330 115 445 30 0.052 0.087 0
70 221.25 491 116 278 885 29 0.053 0.095 0
71 518.75 497 920 658 2075 57 0.016 0.265 0
72 24.25 0 58 39 97 14 0.036 0.066 0
73 54 0 185 3 216 21 0.032 0.06 0
74 346.75 405 473 509 1387 86 0.0155 | 0.257 0
75 87.25 0 203 146 349 36 0.048 0.088 0
76 280.5 0 260 902 1162 56 0.0184 | 0.315 0
77 185.75 400 85 258 743 22 0.0226 | 0.357 0
78 213.26 415 219 219 853 25 0.0231 | 0.376 0
79 283 404 198 530 1132 28 0.0176 | 0.284 0
80 579.25 0 1042 1275 2317 84 0.0113 0.18 0
81 15 0 5 55 80 6 0.0119 | 0.176 0
82 305 447 313 460 1220 51 0.0238 | 0.389 0
83 488.75 409 1097 449 1955 74 0.0197 | 0.317 0
84 163.25 447 136 70 663 28 0.0198 | 0.318 0
85 391.78 450 887 220 1567 43 0.074 0.126 0
86 297.25 519 572 98 1189 26 0.055 0.092 0
87 489 425 759 692 1876 57 0.057 0.094 0
88 692 0 709 2059 2768 54 0.0139 | 0.213 0
89 98.75 0 249 146 385 14 0.08 0.134 | 0
90 508.75 0 725 1310 2035 88 0.0184 | 0.307 0
91 162.75 0 487 164 651 22 0.0253 | 0.444 0
92 20.75 0 16 87 83 12 0.0428 | 0.713 0
93 247.25 492 80 417 988 22 0.075 0.123 0
94 665.75 0 1374 1289 2663 895 0.0123 | 0.188 0
95 270.5 840 268 173 1082 18 0.06 0.096 0
96 245.25 0 621 360 981 23 0.05 0.084 0
97 581.75 555 1279 493 2327 68 0.061 0.088 0
98 610.25 447 1501 483 2441 65 0.044 0.08 0
99 201.78 0 225 581 807 28 0.0226 | 0.374 0
100 781 404 1428 1294 3124 56 0.094 0.15 0
101 134.75 0 358 180 539 27 0.0287 | 0.488 0
102 237.5 0 393 557 950 32 0.0184 | 0.308 0
103 37 0 84 64 148 15 0.0319 | 0.478 0
104 477.75 0 1123 788 1911 42 0.0125 | 0.188 0
105 287.25 0 583 566 1148 54 0.062 0.103 0
106 158 0 242 380 832 32 0.025 0.058 0
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107 523.75 0 1148 948 2085 123 0.067 B.11 0
108 185.5 538 100 144 782 21 0.012 0.184 0
108 186.5 425 195 126 745 21 0.0125 | 0.187 0
110 427.25 480 461 788 1708 82 0.0117 | 0.178 0
111 498 0 838 1154 1992 88 0.0126 | 0.236 0
112 537 547 733 868 2148 70 0.018 0.286 0
113 279.75 512 357 250 1119 37 0.0204 | 0.328 G
114 139.75 0 450 59 559 14 0.0108 | 0.168 G
115 812.256 457 984 998 2448 106 0.0123 | 0.187 0
116 242.5 0 822 148 970 43 0.0412 1 0.188 0
117 337 408 687 252 1348 45 0.093 0.146 0
118 349 0 918 480 1396 43 0.0113 | 0.182 0
119 57.75 0 77 154 231 8 0.084 | 0.13 0
120 270.25 0 115 966 1081 31 0.0128 | 0.207 0
121 172.25 482 41 166 689 16 0.0141 | 0.218 0
122 181.5 0 274 452 726 24 0.014 0.217 0
123 173.756 0 595 100 695 26 0.0167 | 0.255 ¢
124 278.75 0 442 877 1119 48 0.0161 | 0.253 0
125 393.5 0 145 1429 1574 26 0.0173 | 0.265 Y
126 63.25 0 96 157 253 23 0.0183 | 0.301 0
127 197.75 0 231 560 791 28 0.0172 | 0.284 0
128 283 437 76 619 1132 23 0.0176 0.28 0
129 1326 423 2652 2229 5304 181 0.0156 | 0.248 0
130 194.25 409 271 97 777 21 0.0239 | 0.397 0
131 406.25 513 208 814 1625 51 0.0172 | 0.267 0
132 226.75 403 164 340 907 28 0.0219 | 0.349 0
133 442.25 464 393 912 1769 43 0.0168 | 0.26 0
134 126.5 404 55 47 506 19 0.0187 | 0.298 0
135 603.75 404 905 1106 2415 102 0.0167 | 0.263 0
136 181.5 424 176 126 726 25 0.008 0.16 0
137 138.5 0 205 349 554 20 0.0129 | 0.203 0
138 111 0 67 377 444 23 0.013 0.201 0
139 611 0 972 1472 2444 79 0.067 0.108 0
140 785 0 1332 1808 3140 73 0.0119 0.18 0
141 93.25 0 286 87 373 17 0.0185 | 0.315 0
142 424.75 497 569 633 1699 42 0.0171 | 0.272 0
143 66.75 0 132 135 267 20 0.0214 | 0.359 0
144 323.75 439 810 46 1295 22 0.0192 | 0.284 Y
145 205.75 0 210 613 823 18 0.0173 | 0.266 0
146 277.25 482 62 565 1108 29 0.0218 | 0.327 0
147 322.5 405 472 413 1290 65 0.0125 | 0.198 | 0
148 770.5 O 1838 1143 3082 95 0.0154 0.24 0
149 5816.256 0 152 2313 2465 39 0.02 0.304 0
150 142.5 470 57 43 570 22 0.0161 | 0.243 0
151 258.5 0 725 309 1034 24 0.0101 | 0.157 0
152 576.5 400 802 1104 2306 38 0.0156 | 0.241 0
153 287.75 463 440 248 1151 21 0.01 0.151 D
154 308.25 | 428 481 326 1233 43 0.0114 | 0.176 0
155 491.25 438 821 708 1965 23 0.0157 | 0.248 0
156 85 0 195 145 340 20 0.096 0.144 Y
157 665.25 0 1540 1121 2661 67 0.056 0.094 0
158 742.25 408 1276 1287 2069 121 6.0112 | 0.173 0
159 307.75 412 728 S0 1231 26 0.0231 1 0.383 0
160 223.25 0 580 313 893 29 0.055 0.091 0
161 134.5 0 360 178 538 23 0.048 0.084 0
162 398 401 385 796 1592 41 0.0109 | 0.188 0
163 547 429 935 824 2188 74 0.0134 | 0.232 G
164 304 454 346 416 1216 35 0.037 0.07 0
165 443.78 480 816 469 1775 30 0.056 0.085 0
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168 484.5 419 937 622 1978 44 0.065 0.108 0
167 514.75 403 1022 634 205¢ 80 0.0101 | 0.162 i
168 232.25 409 106 414 829 25 0.0108 | 0.174 0
169 7.25 0 7 22 29 5 0.0159 0.22 0
170 245.75 0 365 622 987 42 0.082 0.122 0
171 2 0 0 8 8 4 0.019 0.231 0
172 121.75 0 30 457 487 18 0.0105 0.15 0
173 12.25 0 25 24 49 7 0.084 0.13 0
174 383.5 515 633 386 1534 43 0.0134 | 0.221 Y
175 413 G607 735 310 1652 80 0.0133 ; 0.225 0
176 74 0 178 118 296 23 0.0125 | 0.181 0
177 294 440 538 198 1178 38 0.0113 | 0.202 0
178 1 0 4 0 4 2 0.0209 0.27 0
179 79.75 0 280 39 319 10 0.0128 | 0.183 0
180 661.5 508 1547 590 2646 64 0.085 0.156 0
181 9 0 18 18 36 9 0.0197 | 0.285 0
182 177.5 0 538 172 710 36 0.0167 0.24 0
183 105.25 0 135 286 421 14 0.0102 | 0.185 0
184 131.75 g 70 457 527 34 0.011 0.167 0
185 58.256 0 92 141 233 34 0.0178 | 0.246 0
186 1 0 0 4 4 2 0.0132 0.25 0
187 485 400 1045 535 1980 45 0.092 0.183 0
188 377.25 500 788 221 1509 41 0.0115 | 0.218 0
189 218 0 256 616 872 37 0.0184 | 0.303 0
190 339 0 579 777 1356 53 0.036 0.634 0
191 695.75 0 917 1866 2783 81 0.0239 | 0425 0
192 737 405 1463 1080 2948 63 0.011 0.183 0
193 3.25 0 6 7 13 2 0.0453 | 0.813 0
194 116.5 0 220 246 466 25 0.0218 { 0.344 0
195 105.25 0 249 172 421 15 0.083 0.107 0
196 308.75 0 818 421 1239 40 0.051 0.088 0
197 277 469 489 150 1108 29 0.042 0.073 0
198 100.25 | 488 252 57 797 29 0.041 0.076 0
199 619.25 487 428 1561 2477 46 0.042 0.076 0
200 267.25 429 267 373 1068 35 0.051 0.087 0
201 17 0 43 25 68 9 0.0448 | 0.741 0
202 544.25 0 951 1226 2177 68 0.014 0.22 0
203 1233.3 417 2574 1942 4933 168 0.091 0.154 0
204 190.75 0 372 391 763 22 0.099 0.152 0
205 1133.3 421 2335 1777 4533 184 0.0105 | 0.169 0
206 221.5 0 726 160 886 41 0.084 0.131 0
207 284.5 567 262 308 1138 45 0.041 0.075 Y
208 184.5 0 599 138 738 11 0.054 0.092 Y
209 404.75 0 1018 600 1618 66 0.0583 0.091 0
210 351.75 467 485 445 1407 49 0.0129 | 0.212 0
211 523 0 1098 994 2092 78 0.016 0.253 0
212 190.75 454 136 173 763 28 0.0128 0.2 0
213 362.5 0 605 845 1450 28 0.0138 | 0.212 0
214 220.25 0 248 5635 881 37 0.0215 | 0.333 0
215 320.5 504 180 598 1282 38 0.0134 | 0.205 0
216 1475.3 410 3100 2391 5901 118 0.0174 | 0.279 0
217 205 423 287 110 820 25 | 0.0208 | 0.328 0
218 287.75 439 153 478 1071 31 0.043 0.076 0
219 97 0 282 108 388 17 0.0228 | 0.371 0
220 95.76 0 68 315 383 17 0.0175 ;| 0.287 0
221 20.25 0 7 74 81 4 0.0201 | 0.312 0
222 608.25 0 1466 967 2433 B84 0.0126 | 0.1497 Y
223 284 0 429 707 1136 51 0.07 0.112 0
224 245.75 400 300 283 983 27 0.056 0.082 0
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225 422.25 480 838 370 1688 58 0.046 0.082 0
226 482 466 776 588 1928 54 0.081 0.131 0
227 44 0 128 48 176 12 0.0177 0.28 0
228 388.25 417 801 335 1553 38 0.068 0.11 0
229 342 403 841 124 1368 32 0.054 0.08 g
230 168 400 140 124 £64 22 0.073 0.117 0
231 199.5 407 128 263 798 38 0.082 0.136 0
232 968.5 0 1684 2184 3878 102 0.0328 | 0.613 0
233 77.25 0 59 250 308 11 0.0358 | 0.641 0
234 48.75 0 111 84 195 7 0.0334 | 0.614 0
235 58.5 0 163 75 238 11 0.0511 | 0.963 0
236 618.25 435 1183 875 2473 64 0.00¢ 0.171 0
237 812 0 1764 584 2448 70 0.0288 | 0.525 0
238 106 0 352 72 424 14 0.0336 | 0.625 0
239 762.75 0 1455 1596 3051 87 0.027% | 0.519 0
240 212.5 509 71 270 850 20 0.0101 } 0.181 Y
241 98.75 0 130 269 399 6 0.0225 | 0.411 0
242 150.25 400 118 83 601 20 0.0125 | 0.188 0
243 165.25 0 345 316 661 34 0.0234 | 0.356 0
244 231.75 0 154 773 927 18 0.014 0.21 0
245 0.75 0 1 2 3 1 0.0152 | 0.208 0
246 206 0 708 116 824 25 0.0126 | 0.187 0
247 362.75 0 459 992 1451 62 0.0101 | 0.159 0
248 114.25 0 107 350 457 19 0.069 0.11 0
249 251.76 571 379 57 1007 28 0.04 0.072 0
250 1.25 0 5 0 5 3 0.085 0.117 0
251 71.75 0 156 131 287 29 0.071 0.111 0
252 64.75 0 150 109 259 9 0.053 0.089 0
253 9.25 0 10 27 37 6 0.047 | 0.08 0
254 186.5 0 449 297 746 24 0.049 0.085 0
255 424.75 406 516 777 1699 95 0.0122 | 0.196 0
256 424.75 418 771 510 1699 73 0.0128 | 0.205 0
257 506.5 403 681 942 2026 88 0.0161 0.26 0
258 313.5 411 128 715 1254 34 0.0119 | 0.207 0
259 289 408 317 431 1156 49 0.095 0.155 0
260 264.75 0 331 728 1069 52 0.058 0.096 0
261 1184.8 438 1667 2634 4739 114 0.0122 | 0.184 0
262 1286.5 457 3054 1675 5186 127 0.01 0.158 0
263 247 410 429 149 988 45 0.0137 | 0.214 0
264 106.5 0 313 113 426 24 0.0103 | 0.164 0
265 169.5 427 116 135 678 18 0.0108 | 0.171 g
266 155.5 0 116 506 622 22 0.094 0.152 0
267 192.25 569 153 47 769 22 0.0134 | 0.21 0
268 196.75 435 114 238 787 18 0.0104 | 0.163 0
269 19 Y 51 25 76 10 0.0305 | 0.455 {4
270 335.75 412 481 450 1343 38 0.054 0.092 0
271 298.5 Y 206 188 394 18 0.0173 | 0.274 0
272 142.75 0 97 474 571 35 0.0182 | 0.283 0
273 70.5 0 123 159 282 22 0.0197 | 0.304 0
274 324.25 434 405 458 1287 30 0.062 0.103 0
275 209.75 0 288 550 339 28 0.0134 | 0.207 0
276 379 412 963 141 1518 36 0.074 0.115 4
277 83.5 0 65 269 334 12 0.0164 | 0.259 0
278 51 0 68 136 204 17 0.0234 | 0.364 0
279 21.5 0 21 85 86 2 0.0281 | 0.424 0
280 287.75 436 550 165 1151 34 0.067 0.108 Y
281 889 0 1183 2373 3556 88 0.0132 0.2 0
282 26 0 45 58 104 14 0.0186 0.28 g
283 180.5 0 138 583 722 17 0.0114 | 0.182 0
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284 245.75 402 350 235 987 60 0.0125 ¢ 0.183 0
285 283.5 402 534 198 1134 41 0.0155 0.24 0
286 684.25 441 1038 1260 2737 97 0.0182 0.26 0
287 211 0 708 138 844 29 0.0144 | 0.222 0
288 494.75 585 467 927 1979 85 0.0114 | 0.181 4
288 179.5 0 390 328 718 34 0.0113 | 0471 0
290 377 0 602 906 1508 78 0.0135 | 0.208 4
281 456.5 Y 1470 356 1826 45 0.014 0.223 0
292 361.75 449 185 813 1447 38 0.0132 | 0.208 g
293 25.5 4 60 42 102 12 0.0129 | 0.194 0
284 44.5 0 107 71 178 11 0.0101 ; 0.152 it
285 760.75 0 1484 1559 3043 17 0.0135 0.21 0
296 322.75 425 566 300 1291 39 0.01 0.16 Y
257 321.75 625 361 301 1287 23 0.087 0.138 0
298 278.75 629 174 312 1115 30 0.0147 | 0.225 0
299 530.256 463 465 1193 2121 57 0.0146 0.23 0
300 1244.3 0 3731 1246 4977 130 0.0107 { 0.168 0
301 77.75 0 94 217 311 19 0.0118 | 0.179 0
302 26.5 0 41 65 106 7 0.0143 | 0.236 0
303 327.25 0 518 791 1308 40 0.0189 | 0.307 0
304 76.25 0 122 183 305 11 0.0201 ; 0.332 0
305 543.5 419 633 1122 2174 40 0.0157 | 0.241 0
306 157.5 0 461 169 630 32 0.012 | 0.188 0
307 681.5 514 1022 1190 2726 67 0.0167 | 0.265 0
308 203 0 502 310 812 30 0.0169 | 0.292 0
308 437.5 0 1216 534 1750 53 0.0158 | 0.247 0
310 129 402 39 75 516 18 0.0137 | 0.203 0
311 49.5 0 29 169 198 10 0.0118 | 0.176 0
312 307.25 0 917 312 1229 44 0.0118 0.18 0
313 288.5 423 448 283 1154 36 0.0121 | 0.191 0
314 149 0 205 321 596 14 0.086 0.133 0
315 804.5 432 1235 1551 3218 81 0.0128 { 0.185 0
316 173 486 43 163 692 17 0.0122 | 0.185 0
317 565.5 403 436 1423 2262 64 0.0108 | 0.166 0
318 805.5 | 408 1870 944 3222 67 0.0165 | 0.258 0
319 40.75 0 102 61 163 14 0.014 0.231 0
320 14 0 34 22 56 7 0.0116 | 0.206 0
321 832.75 438 1246 1647 3331 83 0.015 0.25 0
322 158.75 428 84 123 835 | 18 0.0216 | 0.375 0
323 224 443 108 345 898 25 0.02 0.318 0
324 1104.3 512 2360 1545 4417 118 0.0113 | 0.181 0
325 306 400 324 500 1224 59 0.0146 0.24 C
326 236.25 413 416 116 945 22 0.0135 | 0.242 0
327 681.76 411 1678 678 2767 56 0.067 0.111 0
328 513.25 0 1280 773 2053 45 0.014 0.216 0
328 408 403 438 791 1632 37 0.083 0.13 0
330 260.25 0 886 155 1041 28 0.0155 | 0.231 0
331 43 0 34 138 172 13 0.0121 ¢ 0.189 Y
332 158.75 417 59 158 635 21 0.088 0.138 0
333 323.75 0 219 1076 1295 48 0.0134 | 0.212 0
334 183.25 462 260 51 773 27 6.085 0.132 0
335 129.75 g 214 305 518 18 0.011 0.168 Y
338 0.75 0 0 3 3 1 0.01 0.178 g
337 329 426 356 534 1316 35 0.0105 0.18 0
338 304.75 it 365 854 1218 30 0.0104 | 0.184 Y
332 207 0 232 588 828 31 0.01 0.182 Y
340 320.75 0 465 854 1318 84 0.067 0.109 0
341 9.75 0 11 28 38 5 0.082 0.128 0
342 288.25 508 326 323 1157 38 0.056 0.093 0
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343 438.5 it 493 1253 1746 66 0.01 0.152 G
344 437.5 447 832 471 41750 45 0.0121 | C£.185 0
345 218.76 444 285 146 875 47 0.0111 1 0472 0
348 198.25 408 147 237 793 26 0.0131 | 0.208 0
347 194.25 415 254 108 777 24 0.068 0.1 0
348 28 0 55 57 112 13 0.0199 0.29 0
349 13 Y 10 42 52 3 0.0113 { 0.156 0
350 37.5 0 122 228 350 17 0.0121 { 0.184 0
351 348 0 558 734 1382 51 0.048 0.085 0
352 543.75 401 701 1073 2175 67 0.096 0.152 0
353 98.25 0 55 338 393 5 0.059 0.097 0
354 1438 0 2953 2798 5752 166 0.0103 0.18 0
355 482 407 863 858 1928 60 0.0102 0.16 0
356 166.25 400 115 150 065 18 0.0108 | 0.169 Y
357 503.5 415 886 713 2014 80 0.0113 | 0.471 0
358 238.25 0 731 226 957 30 0.0129 | 0.195 0
359 393.75 0 321 1254 1575 37 0.089 0.139 0
360 586.25 463 596 1286 2345 69 0.0102 | 0.154 0
361 73.25 0 277 16 293 5 0.0107 | 0.158 0
362 203.25 0 561 252 813 ig C.0108 | 0.164 0
363 118.5 0 155 319 474 22 0.0138 | 0.206 0
364 24425 0 260 717 977 57 0.0101 | 0.154 0
365 133.5 0 140 394 534 19 0.087 0.135 0
366 161.5 402 161 83 646 25 0.079 0.125 0
367 55.5 0 205 17 222 9 0.087 0.136 0
368 226.5 0 722 184 906 22 0.073 0.115 0
369 102.5 0 378 32 410 10 0.0105 | 0.1863 0
370 331.25 416 459 450 1325 40 0.0104 0.16 0
371 173.5 437 257 694 34 0.0108 0.16 0
372 736.75 400 1297 1250 2947 134 0.074 0.118 0
373 81.5 0 158 167 326 19 0.072 0.113 0
374 242.25 401 183 385 969 21 0.079 0.123 0
375 351 427 758 219 1404 39 0.073 0.117 0
376 327.5 486 526 2098 1310 51 0.005 0.145 0
377 169.5 400 155 123 678 25 0.08 0.124 0
378 287.25 0 610 539 1149 44 0.091 0.137 0
379 213 0 180 672 852 27 0.01 0.151 0
380 57.25 0 63 166 229 14 0.0102 | 0.157 0
381 681 442 580 1702 2724 68 0.091 0.143 0
382 238.75 423 250 282 955 33 0.0107 : 0.163 0
383 218.75 417 138 318 875 21 0.0127 | 0.196 0
384 374.75 422 623 454 1498 40 0.094 0.146 0
385 382 0 317 1251 1568 31 0.096 0.147 0
386 247.5 0 404 586 980 30 0.0145 | 0.219 0
387 30 0 60 60 120 17 0.0322 | 0.522 0
388 214 0 515 341 856 25 0.0157 | 0.232 0
389 15.25 0 38 23 61 10 0.0128 | 0.188 0
390 8 0 8 24 32 5 0.0104 | 0.154 0
391 40.75 0 40 123 163 15 3.085 0.109 0
392 226 426 90 388 904 41 0.085 0.137 0
393 454.25 407 1122 288 1817 39 0.088 0.108 0
384 157.25 431 67 131 629 21 0.078 0.121 0
385 373 0 777 715 1452 44 0.048 0.083 0
396 302.5 408 261 543 1210 38 0.0103 | 0.166 0
397 430.5 403 1037 282 1722 34 0.073 0.118 0
368 453 0 829 983 1812 44 £.0117 § 0.183 0
398 231.25 0 851 74 925 16 0.086 0.135 0
400 1030.5 0 1865 2257 4122 118 0.053 0.092 8
401 938.75 432 1507 1820 3759 110 0.096 0.149 0
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402 290.75 591 183 285 1183 33 0.0102 | 0158 ]
403 3658.75 0 1038 425 1463 83 0.012 | 0.184 0
404 10.75 0 34 9 43 5 0.08 0.134 Y
405 223.25 538 211 143 893 25 0.06 0.1 0
406 689.25 0 1076 1681 2757 73 0.07 0.113 0
407 21.25 0 46 38 85 14 0.028 0.06 0
408 311.25 402 287 556 1245 28 0.085 0.106 0
409 3658.75 0 415 1048 1463 67 0.075 0.119 Y
410 383.5 Y 911 823 1534 45 0.079 0.126 0
411 8.75 0 6 21 27 5 0.058 0.092 0
412 38.25 | 0 0 153 153 11 0.033 0.066 0
413 16.5 0 33 33 66 S 0.042 0.074 0
414 417.5 410 1022 238 1670 31 0.055 0.083 0
415 31.75 0 91 36 127 7 0.029 0.086 0
416 290.5 400 196 566 1162 44 0.066 0.105 0
417 254.5 418 246 354 1018 51 0.057 0.097 Y
418 121 0 206 278 484 53 0.059 0.097 0
419 1381 408 2686 2430 5524 127 0.0107 | 0.166 0
420 230.5 0 462 480 922 55 0.0117 | 0.185 0
421 272 0 607 481 1088 38 0.0121 | 0.183 0
422 638.25 0 1330 1223 2553 56 0.0121 | 0.189 0
423 228 424 325 167 916 22 0.079 0.122 0
424 259.75 441 378 220 1039 37 0.089 0.138 0
425 163.5 0 201 413 614 44 0.081 0.125 0
426 535 0 278 1861 2140 45 0.092 0.141 0
427 586 430 431 1483 2344 46 0.077 0.12 0
428 410.25 430 742 469 1641 58 0.074 0.118 0
429 308.75 413 577 245 1235 414 0.085 0.13 0
430 271.5 465 331 290 1086 34 0.0115 | 0.173 0
431 171.75 401 255 31 687 23 0.0121 | 0.184 0
432 180.75 440 86 197 723 22 0.0109 | 0.186 0
433 18.25 0 44 33 77 5 0.046 0.08 0
434 63 0 19 233 252 8 0.067 0.106 0
435 509.25 416 589 1032 2037 51 0.0112 0.17 0
436 794 520 1717 939 3176 105 | 0.0105 0.18 0
437 176 435 99 170 704 31 0.081 0.127 0
438 3.25 0 8 7 13 3 0.0108 | 0.1862 0
439 8.25 0 22 11 33 5 0.07 0.115 0
440 26.25 0 40 65 105 7 0.029 0.061 0
441 45.5 0 125 57 182 14 0.023 0.052 0
442 304.25 407 445 365 1247 83 0.077 0.118 0
443 244.25 0 501 478 977 52 0.085 0.107 0
444 624.25 441 1321 735 24897 97 0.088 0.135 0
445 0.25 0 0 0 1 1 0.607 0.026 0
446 41.25 0 77 88 165 16 0.048 0.082 0
447 826 401 596 2307 3304 102 0.082 0.129 0
448 355.75 0 860 563 1423 80 0.048 0.083 0
448 2058.5 0 200 522 322 47 0.0563 0.086 0
450 245.75 0 234 749 983 41 0.083 0.127 0
451 30 0 43 77 120 19 0.0119 0.18 0
452 825.5 494 416 1592 2502 79 0.096 0.148 0
453 302 400 648 162 1208 30 0.093 0.143 0
454 208.5 Y 483 375 838 31 0.075 0.118 0
455 633.75 402 1211 922 2535 78 0.0102 | 0.158 0
456 885.25 525 745 2271 3541 118 0.677 0.12 0
457 282 0 392 776 1168 44 0.072 0.113 0
458 81.25 0 135 180 325 20 0.056 0.004 0
458 442.25 564 565 840 1769 42 0.075 0.118 0
460 345.25 0 531 750 1381 31 0.066 0.108 0
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481 92.5 0 129 241 370 22 0.096 0.147 Y
462 106.25 0 128 296 425 14 0.061 0.101 0
483 1039.3 401 2408 1348 4157 120 0.082 0.127 0
4684 150.75 0 343 260 603 33 0.096 | 0.148 0
485 343.5 427 548 399 1374 41 0.0113 | 0.171 0
466 426.5 410 633 663 1706 40 0.0111 | 0.169 0
457 23.75 0 32 63 95 11 0.0128 1 0.184 | 0
468 71.5 0 137 148 286 14 0.083 0.128 0
469 275.5 431 330 341 1102 42 0.0105 | 0.157 0
470 272 0 676 442 1088 53 0.095 0.148 Y
471 774.75 503 1588 1007 30289 81 0.0124 0.18 0
472 107.75 0 149 282 431 24 0.0137 | 0.203 0
473 36.25 0 50 95 145 17 0.0162 | 0.242 G
474 244.25 415 387 175 977 29 0.095 0.148 0
475 300.75 0 380 823 1203 36 0.0141 | 0.218 0
476 320 501 288 481 1280 47 0.0188 | 0.312 0
477 865.5 0 1917 1545 3462 89 0.0148 0.23 0
478 443 595 510 667 1772 32 0.0103 | 0.162 0
479 286 0 996 148 1144 26 0.011 0.174 0
480 182.75 401 136 195 731 18 0.0111 0.18 0
481 360.5 516 810 116 1442 31 0.0214 | 0.357 0
482 179.5 412 186 120 718 21 0.092 0.145 0
483 549 410 1115 671 2196 83 0.077 0.122 0
484 224 409 119 368 896 39 0.083 | 0.126 0
485 292.5 418 486 266 1170 31 0.074 0.116 0
486 290.75 0 643 520 1163 64 0.074 0.114 0
487 167.75 0 576 95 671 25 0.085 0.13 0
488 363.75 0 703 752 1455 53 0.086 0.132 0
489 244 0 487 489 976 37 0.0112 | 0.167 0
490 42.25 0 28 141 169 11 0.0132 | 0.196 0
491 2271.5 0 304 606 910 47 0.092 0.141 0
492 2325 0 229 701 930 48 0.084 0.145 0
493 1135 501 1491 2548 4540 136 0.0118 { 0.188 0
494 353.25 522 394 497 1413 42 0.083 0.129 0
495 451 | 428 945 431 1804 50 0.072 0.114 0
496 287.25 0 543 606 1149 37 0.0123 | 0.188 0
497 128.5 0 273 241 514 45 0.0134 | 0.207 0
498 958 0 1590 2242 3832 88 0.0105 | 0.164 0
499 9.25 0 13 24 37 7 0.0161 § 0.243 0
500 170.75 404 161 118 683 34 0.081 0.128 0
501 310.25 0 430 811 1241 32 0.0134 | 0.203 0
502 952.25 0 2211 1508 3808 98 0.0152 | 0.244 0
503 374.25 597 141 759 1497 33 | 0.013 0.213 0
504 501 414 1296 294 2004 48 0.0181 0.29 0
505 285.75 400 1568 584 1143 27 0.0171 | 0.276 0
506 196.25 432 55 298 785 20 0.0188 @ 0.308 0
507 382 473 807 288 1568 52 0.015 0.23 | 0
508 355.25 614 564 243 1421 28 £.0108 | 0.172 0
509 188.5 400 205 189 794 25 0.02 0.138 0
510 208.5 562 74 180 826 18 0.084 0.146 0
511 159.75 549 64 28 839 17 0.071 0.111 0
512 53.5 Y 124 90 214 24 0.075 0.116 0
513 624.75 Y 1605 §94 2499 70 0.081 0.14 0
514 640.5 0 1482 1080 2562 80 0.0107 | 0.166 0
515 150.75 0 257 346 803 39 0.078 0.126 Y
516 22275 401 267 223 881 25 0.0188 | 0.318 0
517 362 411 542 485 1448 47 0.0165 | 0.258 0
518 480 0 1426 534 1960 48 0.0107 | 0.167 0
519 178.5 430 200 84 714 19 0.0174 | 0.268 9
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520 288 446 90 486 1032 22 0.0148 ;| 0.233 0
521 295.5 484 73 825 1182 30 0.086 0.136 0
522 75.5 0 210 82 302 18 0.06 0.102 0
523 614 0 1966 480 2456 83 0.071 0.113 0
524 347.25 494 355 540 1389 55 0.084 0.137 0
525 197.75 0 345 445 791 40 0.063 0.108 0
526 224 423 228 248 896 25 0.084 0.132 0
527 442 584 720 454 1768 57 0.072 0.12 0
528 184 459 112 165 736 23 0.071 0.117 0
529 1635.3 551 18562 4138 6541 168 0.08 0.127 0
530 33.25 0 43 80 133 17 0.028 0.06 0
531 514 435 793 828 2056 56 0.067 0.108 0
532 1082.8 517 2466 1348 4331 122 0.067 0.11 0
533 600.5 0 1164 1238 2402 123 0.098 0.15 Yy
534 733 698 1123 1111 20832 89 0.07 0.112 0
535 4.5 0 13 5 18 4 0.029 | 0.471 0
536 380.75 0 823 700 1523 38 0.0104 | 0.158 0
537 513.25 0 1334 718 2053 80 0.0157 | 0.237 0
538 374 0 795 701 1496 57 0.013 0.205 0
539 8.75 0 17 10 27 5 0.023 0.342 0
540 358.75 417 262 760 1432 36 0.067 0.109 0
541 16.5 0 32 34 68 9 0.0256 | 0.403 | 0
542 117.75 0 273 198 471 19 0.0123 | 0.191 0
543 634.76 0 1197 1342 2539 68 0.0108 | 0.178 0
544 252.5 0 266 744 1010 35 0.0165 | 0.263 0
545 252.5 403 258 349 1010 26 0.0192 | 0.308 0
546 217 0 597 271 868 37 0.0149 | 0.243 0
547 146.75 0 247 340 587 28 0.0142 | 0.262 0
548 240.75 525 381 57 963 20 0.0179 | 0.294 0
549 170.75 0 261 422 683 31 0.0188 | 0.329 0
550 221.75 400 233 254 887 40 0.0146 | 0.231 0
551 18.5 0 68 6 74 3 0.0203 | 0.344 0
552 460.75 439 386 1018 1843 78 0.013 0.208 0
553 11 0 44 0 44 4 0.081 0.148 0
554 508.25 0 964 1069 2033 71 0.0197 0.31 0
555 110.25 0 276 165 441 24 0.0378 | 0.608 0
556 96.25 0 300 85 385 14 0.0237 | 0.389 0
557 121.75 0 123 364 487 21 0.0126 | 0.192 0
558 238.25 480 283 190 953 33 0.0117 | 0.189 0
559 7.75 G 7 24 31 5 0.07 0.104 0
560 121.5 Y 146 340 486 24 0.085 0.151 Y
561 319.5 403 540 335 1278 43 0.0154 | 0.235 0
562 252.25 410 319 280 1009 26 0.0162 | 0.249 0
563 399.75 0 1144 455 1599 44 0.0134 | 0.208 0
564 468.5 0 409 1469 1878 85 0.0158 | 0.247 0
565 175.25 434 112 155 701 18 0.0188 | 0.284 0
566 1311.8 405 1920 2922 5247 135 0.0148 | 0.231 0
567 26.25 0 81 24 105 7 0.015 0.234 0
568 107.5 0 184 246 430 14 0.0116 | 0.178 0
569 41.75 0 51 118 167 15 0.0125 | 0.188 0
570 680.75 411 816 1496 2723 88 0.0138 0.21 0
571 41.25 0 113 52 165 11 0.0102 | 0.162 0
572 153.5 0 104 510 614 24 0.012 0.186 0
573 382.5 0 308 1224 1530 51 0.0118 | 0.183 0
574 238.25 ¢ 167 786 953 32 0.0108 | 0.167 0
575 333 408 769 154 1332 28 0.0191 | 0.292 0
576 379 684 378 453 1516 37 0.0197 | 0.315 Yy
577 183.25 0 467 266 733 31 0.0107 | 0.162 0
578 83.25 0 173 180 333 13 0.013 0.2 0
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579 594.5 Y 1332 1046 2378 &0 0.0103 ¢ 0.162 0
580 180 531 62 127 720 18 0.0261 ; 0428 0
581 228 0 493 419 912 35 0.0138 0.21 0
582 186.75 406 70 311 787 22 0.015 0.235 0
583 486.25 402 825 718 1845 62 0.0188 | 0.2687 0
584 394 429 517 630 1576 53 0.0136 0.21 0
585 177.25 452 144 113 709 21 0.0128 | 0.198 Y
586 108 0 251 173 424 26 0.0112 | 0.176 0
587 355.75 701 258 464 1423 36 0.0128 | 0.198 0
588 827.5 0 2247 1083 3310 86 0.0117 | 0.182 0
588 335.25 463 319 559 1341 42 0.0111 | 0.174 0
590 98.25 0 274 118 393 32 0.0113 | 0.175 0
591 280 572 264 284 1120 22 0.0139 | 0.213 0
592 245.75 0 551 432 983 33 0.0158 | G.249 0
593 315 402 670 188 1260 35 0.0136 0.21 0
594 197 473 169 146 788 22 0.0134 | 0.218 0
595 469 608 441 827 1876 56 0.0124 | 0.191 0
596 312 411 546 291 1248 41 0.011 0.17 0
597 397 465 443 680 1588 48 0.0103 | 0.158 0
598 440.5 0 740 1022 1762 67 0.0158 | 0.251 0
599 383.25 463 378 692 1533 49 0.0133 | 0.211 0
600 4.75 0 8 11 19 2 0.0158 § 0.218 Y
601 33.75 0 71 64 135 15 0.0176 | 0.263 0
602 370.75 0 663 820 1483 35 0.0104 | 0.162 0
603 1140.5 461 2033 2068 4562 152 0.0108 | 0.168 0
604 447.75 400 508 883 1791 43 0.084 0.131 0
605 69.25 0 203 74 277 14 0.01 0.153 0
606 994.25 407 1277 2293 3977 143 0.0117 | 0.184 0
607 280.256 505 173 443 1121 33 0.0108 | 0.176 0
608 257.5 428 289 313 1030 28 0.0102 | 0.163 0
809 131.5 0 358 168 526 38 ) 0.0274 | 0.478 0
610 669 411 446 1819 2676 45 0.0108 | 0.177 0
611 89.25 0 176 181 357 18 0.0135 0.24 0
512 265.75 0 531 532 1083 39 0.0164 | 0.275 0
613 156.25 | 402 141 82 625 25 0.0116 | 0.191 0
614 324.75 479 513 307 12089 31 0.054 0.095 0
615 392 446 1008 114 1568 25 0.0182 | 0.308 0
616 161 402 99 143 644 20 0.0256 { 0.418 0
617 194.25 441 178 158 777 22 0.0211 | 0.338 0
618 10.75 0 27 16 43 7 0.068 0.123 0
619 296.75 510 386 atyl 1187 31 0.0196 | 0.331 0
620 568.5 4 1641 533 2274 46 0.0168 | 0.267 G
621 318 501 283 492 1276 20 0.0174 | 0.268 0
822 156 400 118 106 624 36 0.0158 | 0.242 0
623 224.5 0 182 716 898 21 0.0156 | 0.248 G
624 446.75 417 973 387 1787 49 0.0188 | 0.304 Y
625 869.5 448 1479 751 2678 70 0.0169 | 0.265 0
826 150.75 0 268 335 603 36 0.0118 | 0.186 0
8627 511.25 408 1064 573 2045 51 0.0135 | 0.208 0
828 178.756 403 108 208 718 25 0.0123 | 0.185 0
829 365.75 445 837 381 1463 48 0.0108 0.17 0
630 554.25 401 1120 895 2217 78 0.0133 | 0.203 0
631 1.5 0 2 4 6 2 0.0241 | 0.356 0
632 73 0 169 123 292 17 ] 0.0151 | 0.222 Y
633 547 424 1283 481 2188 68 0.081 0.141 0
634 £853.5 426 1216 972 2614 78 0.089 0.137 0
635 330.5 409 350 563 1322 72 0.083 0.145 0
636 345.5 435 491 456 1382 63 0.0128 | 0.182 0
837 388.25 545 592 456 1583 51 0.0105 | 0.185 0
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638 32.25 74 55 128 13 0.083 0.101 0
838 183.5 417 80 237 734 18 0.045 0.078 0
640 25.5 0 38 64 102 13 0.048 0.083 0
641 412 0 475 1173 1648 69 0.06 0.1 0
642 300.75 0 999 204 1203 22 0.076 0.124 0
843 182.5 428 124 180 730 17 0.0107 0.18 0
544 57 0 108 122 228 20 0.083 | 0.143 0
845 288.25 401 324 428 1153 32 0.095 0.148 0
546 20.75 0 77 42 118 8 0.075 0.115 0
847 380 480 402 838 1520 50 0.0108 | 0.163 0
648 407.75 704 385 542 1631 46 0.095 0.148 0
649 484 441 728 767 1936 39 0.082 1 0.157 0
850 86.76 0 226 121 347 23 0.041 0.076 Y
851 220.75 468 97 318 883 28 0.054 0.092 0
652 483.25 0 1209 724 1933 68 0.06 0.089 Y
853 657.5 418 569 1643 2630 65 0.0106 | 0.171 0
654 256.5 431 251 344 1026 34 0.063 0.104 0
655 576 449 619 1236 2304 75 0.076 0.122 0
856 60.5 0 232 10 242 7 0.067 0.11 0
657 122.25 403 22 64 489 18 0.07 0.116 0
658 172.5 401 76 213 890 17 0.096 0.144 0
659 275.25 402 158 541 1101 27 0.0114 | 0.176 0
660 316.25 0 558 707 1265 43 0.0106 | 0.161 0
661 45.5 0 75 107 182 3 0.053 0.097 0
662 175.5 409 249 44 702 19 0.089 0.137 0
663 467.5 404 680 786 1870 41 0.069 0.111 0
664 41.5 0 146 20 166 14 0.063 0.107 0
665 536.5 493 1181 472 2146 77 0.089 0.145 0
666 240.5 401 462 99 962 32 0.082 0.131 0
667 186.75 415 160 172 747 35 0.0109 0.17 0
668 178.25 409 222 82 713 25 0.0118 | 0.179 0
669 235.75 462 351 130 943 36 0.095 0.145 0
670 92.75 0 96 275 371 20 0.082 0.126 0
671 579.25 484 808 1025 2317 47 0.0113 | 0.171 0
672 408 448 706 478 1632 58 0.0129 | 0.198 0
673 282,75 568 205 358 1131 31 0.0133 | 0.195 0
674 245 410 155 415 980 41 0.097 0.148 0
875 371.75 400 550 537 1487 44 0.078 0.123 0
676 73 0 236 56 2892 20 0.0126 | 0.182 0
877 148.5 400 45 141 586 18 0.09 0.146 0
678 507.76 0 1413 618 2031 67 | 0.077 0.121 Y
879 253.75 439 124 452 1015 27 0.0124 | 0.197 0
680 28.5 0 75 43 118 15 0.082 0.126 0
681 40 0 44 116 160 19 0.085 0.152 0
682 211.75 411 378 61 847 16 0.0143 | 0471 0
683 265.75 425 567 71 1083 18 0.0118 | 0.183 Y
684 232.25 404 213 312 929 33 0.0131 | 0.188 Y
685 380 406 568 546 1520 70 £.085 0.132 0
686 768.25 401 1792 880 3073 68 0.087 0.137 0
687 179.5 0 349 369 718 37 0.0106 | 0.164 0
688 347.5 0 897 483 1380 76 0.056 0.093 0
689 803.25 G 1504 2109 3613 104 0.088 0.139 0
590 450.75 476 182 1145 1803 30 0.088 0.141 0
691 400 400 660 540 1600 26 0.0118 | 0.193 0
592 281.25 847 213 305 1185 48 0.01 0.18 0
693 268.5 0 425 853 1078 &5 0.096 0.145 0
894 284.5 434 416 328 1178 62 0.038 0.07 0
695 456.5 0 457 1368 1826 62 0.081 0.128 0
596 486.25 417 826 702 1845 70 0.08 0.145 0
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887 252.5 G 544 366 1010 45 0.067 0.105 g
898 13 g 28 24 52 7 0.085 0.129 G
699 116 0 36 428 484 13 0.086 | 0.084 [
700 367.25 538 518 413 1469 54 0.083 0.134 0
701 43 0 86 86 172 15 0.064 0.089 Y
702 704.5 431 1041 1346 2818 96 0.0107 | 0.471 0
703 254 0 609 407 1018 56 0.075 0.122 0
704 2615 422 203 421 1048 33 0.088 0.157 Y
705 09.25 0 232 165 397 9 0.047 0.084 0
706 35.5 0 74 68 142 14 0.044 0.078 0
707 518.5 442 1160 472 2074 48 0.0134 0.21 0
708 207.25 400 124 305 828 20 0.0145 | 0.233 Y
709 398.5 413 800 385 1598 60 0.086 0.141 0
710 534.75 0 1282 857 2139 55 0.058 0.099 0
711 800.5 0 1915 1287 3202 103 0.065 0.104 0
712 327 0 798 510 1308 55 0.0117 | 0.187 0
713 543.5 0 1207 967 2174 44 0.0121 | 0.192 0
714 295.5 582 451 149 1182 34 0.0104 | 0.174 0
715 237.25 416 371 162 949 22 0.084 0.135 0
716 305 535 204 481 1220 20 0.0133 § 0.211 0
717 545.5 400 1261 921 2582 95 0.011 0.176 0
718 325 406 392 502 1300 43 0.056 0.096 0
718 272 612 402 74 1088 23 0.057 0.094 0
720 42.75 0 110 61 171 16 0.0214 | 0.348 0
721 867.256 0 2462 1007 3469 131 0.0136 | 0.209 0
722 664.25 0 1079 1578 2657 91 0.0157 | 0.246 0
723 123.75 0 156 339 495 35 0.0304 | 0.496 0
724 82 0 80 248 328 15 0.0152 | 0.235 0
725 462.75 0 401 1450 1851 40 0.095 | 0.149 0
726 505 0 629 1391 2020 36 0.005 0.147 0
727 201.5 0 377 429 806 56 0.0131 | 0.191 0
728 187.75 562 56 133 751 21 0.053 0.094 0
729 216 0 657 207 864 22 0.0144 | 0.232 0
730 177 446 114 148 708 22 0.042 0.084 0
731 18.5 0 4 70 74 2 0.001 0.026 0
732 384.5 0 853 685 1538 42 0.032 0.074 0
733 85.5 0 300 42 342 4 0.005 0.031 0
734 2475 0 5 94 99 4 0.042 0.105 Q
735 8.25 0 3 30 33 2 5E-05 | 0.025 0
736 66.75 0 6 261 267 5 0.071 0.129 | 0
737 799.25 0 1415 1782 3197 96 0.098 0.15 0
738 324.25 460 507 330 1297 47 0.0109 | 0.168 0
739 117.25 0 412 57 489 12 0.0126 | 0.196 | 0
740 560.75 406 321 1516 2243 61 0.0101 § 0.153 0
741 115.75 0 358 105 483 26 0.0104 0.16 0
742 546 404 678 1102 2184 59 0.083 0.145 0
743 470.75 405 906 572 1883 59 0.08 0.128 0
744 468 460 773 638 1872 45 0.033 0.074 g
745 180.75 402 194 127 723 83 0.084 0.124 0
746 482.5 0 685 1235 1830 82 0.007 0.034 0
747 975 0 112 278 390 36 0.054 0.095 0
748 423.75 458 1107 128 1695 36 0.0112 | 01471 Q
749 566.5 0 1274 992 2266 87 0.0121 | 0.184 0
750 339.25 438 375 544 1357 29 0.075 0.117 0
751 408.75 434 921 280 1635 49 0.092 0.148 0
752 248.75 Y 472 527 998 40 0.012 0.038 0
753 1624 426 2885 3175 5496 165 0.091 0.147 0
754 305.25 0 825 596 1221 57 0.096 0.15 0
755 150.25 406 126 89 601 26 0.0147 | 0.236 0
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756 484 0 937 288 1938 57 0.0101 | 0.158 O
757 50.75 0 175 28 203 13 0.018 0.044 0
758 15.75 Y 32 31 63 10 0.036 0.089 4]
759 224 532 133 231 896 31 0.0118 | 0.183 0
760 303.5 409 418 387 1214 47 0.0125 | 0.196 0
761 350 0 926 474 1400 54 0.054 0.083 0
762 276.75 405 104 598 1107 37 0.091 0.151 0
763 78.5 0 106 208 314 16 0.081 0.131 0
764 449.25 0 913 884 1787 49 0.062 0.103 0
765 37 0 48 99 148 15 0.081 0.123 0
766 168.25 426 107 260 793 21 0.0106 | 0.167 0
767 137.75 Y 481 80 551 21 0.062 0.101 0
768 208.75 410 279 148 835 20 0.0137 | 0.209 0
769 371.5 415 590 481 1486 57 0.0102 | 0.18 0
770 338.5 0 928 430 1358 55 0.0101 | 0.158 0
771 42.5 0 71 99 170 17 0.067 0.107 0
772 683.25 0 1143 1590 2733 76 0.0106 | 0.161 0
773 50.75 0 90 113 203 10 0.0152 | 0.228 0
774 845.75 0 1263 2120 3383 80 0.0127 { D.198 0
775 540.75 0 799 1364 2163 65 0.0204 | 0.321 0
776 264.5 660 150 248 1058 19 0.0162 §{ 0.266 0
77 853.5 0 1277 1337 2614 69 | 0.0178 { 0.297 0
778 53.5 0 126 88 214 14 0.073 0.131 0
779 441.25 433 372 960 1765 53 0.0156 | 0.253 0
780 40 0 114 46 160 14 0.0126 | 0.198 0
781 163.25 413 136 104 653 28 0.0106 | 0.174 Y
782 139.75 0 406 153 559 38 0.014 0.237 0
783 1074.3 424 1204 2579 4297 125 0.092 0.148 0
784 303 410 634 168 1212 38 0.0102 | 0.169 0
785 1228 401 1862 2649 4912 120 0.0149 | 0.241 0
786 405.25 0 850 771 1621 49 0.0278 | 0.487 0
787 221.25 448 202 235 885 41 0.0168 | 0.275 | 0
788 671.25 0 1685 1000 2685 50 0.0136 0.22 0
789 382.75 406 459 694 1559 34 0.0136 | 0.221 0
790 307.25 404 406 419 1229 36 0.0114 | 0.182 0
791 744.75 0 1752 1227 2979 94 0.0128 | 0.201 0
792 358.75 403 416 616 1435 43 0.0149 | 0.232 0
793 342 400 557 411 1368 21 0.0108 | 0.171 0
794 408.25 581 519 533 1633 63 0.013 | 0.204 0
795 52.75 0 129 82 211 13 0.084 0.127 0
796 366.25 476 379 510 1465 65 | 00133 ] 0.205 Y
797 370.25 408 408 664 1481 80 0.0161 | 0.252 0
798 411 447 815 582 1644 43 0.016 0.251 Y
799 800 802 1280 308 2400 63 0.0147 | 0.226 0
800 224.25 416 208 273 897 18 0.062 0.114 0
801 322.5 0 912 378 1290 110 0.0109 | 0.177 0
802 661.5 0 726 1920 2646 62 0.088 0.142 0
803 600.75 439 1461 503 2403 52 0.077 0.122 | 0
804 267.75 400 159 512 1071 37 0.0108 | 0.172 0
805 158.25 400 98 135 833 20 0.0127 | 6.188 0
806 195.25 464 82 235 781 70 0.0111 | 0.182 0
807 549 449 1063 884 2196 55 0.0145 | 0.232 0
808 20.75 8 36 47 83 11 0.0258 | 0.383 0
809 200.5 453 155 194 802 26 0.0148 | 0.233 0
810 20 Y 53 17 80 8 0.0118 | 0.185 4
811 126.75 0 298 209 507 22 0.094 0.146 0
812 385 444 466 513 1420 38 0.0142 | 0.226 0
813 20.25 0 48 33 81 8 0.0122 | 0.187 0
314 16.25 0 51 14 &5 5 0.0108 | 0.158 0
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8158 468 428 474 278 1876 82 0.0141 | 0.218 0
818 196 0 549 235 784 32 0.0153 | 0.233 0
817 608.5 485 842 1307 2434 31 0.085 0.147 0
818 551.25 0 1426 778 2205 77 0.0121 { 0.188 0
818 161.5 408 104 134 646 22 0.078 0.123 0
820 418.75 Y 889 786 1675 37 0.0106 0147 0
821 273 407 217 468 1082 29 0.0125 | 0.183 Y
822 326.25 0 538 766 1308 43 0.0108 | 0.172 0
823 70.25 0 247 34 281 7 0.075 0.124 0
824 42 0 39 128 168 18 0.038 0.072 0
825 362.75 409 650 382 1451 48 0.0108 | 0.172 0
826 557.75 0 1452 778 2231 51 0.0113 ;| 0.177 0
827 240.75 421 348 184 963 32 0.0134 | 0.229 0
828 270.25 0 784 297 1081 30 0.067 0.108 0
829 264.5 417 115 526 1058 36 0.074 0.123 0
830 115.75 0 56 407 463 10 0.024 0.055 0
831 239.5 406 200 352 958 34 0.062 0.114 0
832 1.25 0 5 Y 5 1 0.037 0.066 0
833 477.25 0 725 1184 1909 79 0.04 D.076 0
834 361.25 408 580 457 1445 59 0.0127 { 0.203 0
835 413.5 443 780 431 1654 32 0.068 0.117 0
836 111.25 0 445 0 445 1 0.091 0.14 0
837 180.26 494 98 129 721 27 0.045 0.078 0
838 166.75 0 318 349 667 42 0.084 0.134 0
839 175.5 0 518 184 702 19 0.065 0.11 0
840 666.25 0 1440 1225 2665 ] 0.04 0.073 0
841 379.75 0 451 1068 1519 55 0.014 0.232 0
842 218.5 418 162 286 866 24 0.0175 | 0.273 0
843 34.5 0 126 12 138 10 0.067 0.105 0
844 627 411 664 1433 2508 64 0.0172 | 0.262 0
845 207.75 437 294 100 831 30 0.0123 | 0.197 0
846 1 781.25 0 2410 715 3125 96 0.0126 | 0.198 0
847 373.5 404 225 865 1494 53 0.0141 | 0.225 0
848 364.5 538 523 397 1458 39 0.0132 | 0.205 0
849 5 0 6 14 20 3 | 0.066 0.106 0
850 163.5 0 471 183 654 44 0.064 0.102 0
851 731.75 518 1958 450 2927 76 0.095 | 0.149 0
852 217.5 439 242 189 870 21 0.08 0.128 0
853 58.25 0 123 110 233 21 0.068 0.109 0
854 242 430 423 115 968 28 0.077 0.122 0
855 308.5 582 372 280 1234 32 0.088 0.141 0
856 34.75 0 o7 42 139 12 0.0152 | 0.224 0
857 144 0 316 260 576 35 0.0116 | 0.178 0
858 132.75 0 191 340 531 27 0.0123 | 0.192 0
859 44.5 0 74 104 178 13 0.088 0.133 0
860 98.5 g 147 247 394 14 0.071 0.129 Y
861 132 0 280 248 528 34 0.0101 | 0.167 Y
862 5125 622 443 985 2050 51 0.011 0.177 0
863 312.5 404 528 318 1250 41 0.0115 | 0.187 0
864 293.25 0 578 595 1173 36 0.092 0.146 0
865 815.256 427 1217 1617 3261 73 0.082 0.133 0
866 233.5 436 113 385 934 33 0.082 0.131 Y
867 603 478 927 1006 2412 77 0,0108 | 0.189 g
868 83 0 169 163 332 20 0.0103 | 0.152 0
862 274.25 522 355 220 1087 33 0.07 0.114 Y
870 114.25 0 334 123 457 29 0.011 0.174 0
871 770.75 422 2125 536 3083 81 0.074 0.12 0
872 500 471 1128 400 2000 41 0.0111 | 0.182 Y
873 258.28 410 462 165 1037 38 0.0122 | 0.188 G
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874 821.75 402 1418 1467 3287 90 0.0123 { 0.188 0
875 0.5 0 2 Y 2 1 1E-05 | 0.026 0
876 11 G 33 11 44 S 0.004 0.031 0
877 216.25 421 286 158 865 35 0.0143 0.22 0
878 82 0 46 282 328 21 0.044 0.081 Yy
879 47.5 0 32 158 180 10 0.0107 0.18 0
880 390.5 682 665 215 1562 34 0.015 0.22% 0
881 11 ¢ 24 20 44 8 0.085 0.135 G
882 247.25 446 249 294 989 33 0.0157 | 0.238 0
883 266.5 401 212 453 1066 48 0.0126 | 0.186 Y
884 161.25 403 115 127 645 24 0.0121 | 0.195 0
885 415 413 563 884 1660 92 0.0144 | 0.233 G
886 444.25 547 819 411 1777 53 0.0116 | 0.188 0
887 161.75 483 54 110 647 17 0.077 0.129 0
888 219.25 425 86 366 877 19 0.05 0.087 | 0
889 336.5 413 430 503 1346 44 0.048 0.083 0
890 850.756 0 1323 1280 2603 126 0.0161 { 0.252 0
891 105.75 0 111 312 423 17 0.0106 | 0.171 0
892 107.25 0 53 376 429 15 0.0109 | 0.175 0
893 524 405 462 1228 2096 55 0.01 0.17 0
894 20.25 0 75 8 81 3 0.0106 | 0.153 0
895 296.5 0 555 631 1186 51 0.098 0.153 0
896 467.25 407 462 1000 1869 68 0.0126 | 0.203 0
897 1050.8 400 2254 1549 4203 122 0.0145 | 0.226 0
898 95.5 0 251 131 382 31 0.0127 | 0.193 0
899 573.5 0 1450 844 2294 80 0.0151 | 0.237 0
900 234 414 168 354 936 30 0.0141 | 0.224 0
901 890.75 0 2117 1446 3563 95 0.0177 | 0.278 0
902 425 0 7 10 17 4 0.0144 | 0.217 0
903 204 406 542 228 1176 29 0.0165 | 0.261 0
904 283.25 0 938 195 1133 43 0.0147 | 0.229 0
905 194.5 425 179 174 778 35 0.0162 | 0.262 0
906 77.25 0 264 45 309 12 0.0123 | 0.186 0
907 86.75 0 42 225 267 10 0.079 0.132 0
908 444.75 433 576 770 1779 58 0.098 0.155 0
909 218 418 255 203 876 19 0.087 0.141 0
910 286 0 873 271 1144 37 0.0131 | 0.201 0
911 357.75 408 450 573 1431 50 0.0122 | 0.197 0
912 268.5 0 823 251 1074 24 0.0135 | 0.214 0
913 238.5 Y 514 440 954 22 0.088 0.148 0
914 823.25 423 1303 1567 3293 117 0.092 0.145 0
915 268.5 0 781 203 1074 35 0.088 0.146 0
916 214 529 113 214 856 24 0.057 0.098 | 0
917 57 0 30 198 228 11 0.047 0.083 0
918 508 0 371 1661 2032 59 0.0142 | 0.226 0
219 19.75 0 19 60 79 8 0.0148 | 0.248 0
920 621.25 478 1149 858 2485 54 0.0135 | 0.218 0
921 165.75 431 99 133 863 17 0.091 0.146 0
922 156.5 403 89 134 626 21 0.066 0.106 0
923 228.5 406 353 155 914 28 0.0102 | 0.162 Y
924 5.5 0 8 14 22 8 0.036 0.07 Y
925 12.25 0 2 47 49 3 0.025 0.054 0
926 152.75 400 149 62 611 33 0.0104 | 0.168 0
927 304.75 507 188 514 1219 52 0.094 0.151 0
928 701.75 406 983 1418 2807 85 0.0108 | 0.167 0
929 254.5 0 480 538 1018 44 0.0179 | 0.278 0
930 748.75 0 1102 1885 2987 43 0.085 0.452 0
931 488.25 518 946 482 1957 57 0.0104 | 0.168 0
932 380.5 420 506 586 1522 24 0.0127 0.2 0
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933 328.5 418 385 511 1314 35 £.0151 | 0.237 0
934 81 0 256 68 324 10 0.084 0.133 0
835 248 404 255 337 998 57 0.0134 | 0.211 0
936 18 0 41 31 72 8 0.0147 | 0.204 0
937 114.5 0 175 283 458 25 0.0131 0.2 0
938 207.5 446 168 215 830 28 0.0172 | 0.276 0
2938 45 0 74 106 180 11 0.083 0.128 0
940 322 418 300 569 1288 42 0.0162 | 0.254 0
841 20 0 31 48 80 7 0.083 0.128 0
942 268.25 0 804 489 1073 42 0.0104 | 0.172 0
943 398 521 242 833 1596 31 0.0145 | 0.234 ]
944 843 0 1202 1370 2572 45 0.01114 0.17 0
945 80 0 126 194 320 29 0.0113 | 0.174 0
946 220 402 214 264 880 27 0.0175 0.28 0
947 16.75 0 29 38 87 10 0.079 0.12 0
948 278.75 0 453 662 1115 40 0.0113 | 0177 0
949 869.5 435 1410 1633 3478 87 0.0108 | 0.165 0
950 861.5 496 1538 1412 3446 113 0.0102 | 0.157 0
951 57.76 0 104 127 231 21 0.083 0.127 0
952 14.75 0 34 25 59 7 0.046 0.087 0
853 379.75 579 587 353 1519 64 0.0149 { 0.243 0
954 708.5 453 1556 825 2834 94 0.0204 0.32 0
955 390.25 432 287 842 1561 55 0.0185 | 0.305 0
956 256 0 370 654 1024 20 0.077 0.121 0
957 186.25 488 67 180 745 24 0.048 0.084 0
958 92.25 0 217 1562 369 28 0.054 0.09 0
958 333.75 0 912 423 1335 58 0.037 0.069 0
960 346 498 510 376 1384 45 0.0247 | 0.442 0
961 8.5 0 23 11 34 8 0.05 0.079 0
962 483 0 815 1117 1932 74 0.0167 | 0.262 0
963 440.75 406 754 603 1763 42 0.0162 | 0.256 0
964 24 0 87 9 96 5 0.0113 | 0.187 0
965 388.75 698 587 274 1559 35 0.0116 | 0.178 0
966 216.25 0 714 151 865 28 0.0118 | 0.181 0
967 147 404 63 121 588 31 0.0108 | 0.166 0
968 337.75 401 281 669 1351 68 0.097 0.149 0
969 250.5 604 343 55 1002 21 0.058 0.098 0
970 223 663 107 122 892 23 0.055 0.082 0
971 166 437 169 58 564 18 0.063 0.103 0
972 84 0 239 97 336 16 0.088 0.136 0
973 39 0 54 102 156 11 0.096 0.141 0
974 176.5 425 209 72 706 23 0.049 0.083 | G
975 279.25 0 766 351 1117 47 0.069 0.108 0
976 840.25 879 1486 1196 3361 86 0.044 0.079 0
977 676.5 521 1061 1024 2706 60 0.047 0.081 0
978 157.25 0 513 116 629 29 0.065 0.106 0
979 508.75 412 666 957 2035 67 0.0107 | 0.174 0
980 201 441 99 264 804 25 0.0103 | 0.159 0
981 367.25 471 316 682 1489 31 0.073 0.117 0
982 381.76 414 748 365 1527 47 0.0127 | 6.198% G
983 952.5 0 2692 1418 3810 104 0.057 0.095 0
984 273.25 407 196 490 1093 35 0.058 0.088 0
985 238.25 420 385 148 953 45 0.07 0.114 | 0
986 1060.8 0 2680 1563 4243 96 0.044 0.078 0
987 37.8 0 78 74 150 15 0.031% 0.081 0
988 475.25 588 388 914 1901 38 0.055 0.094 0
889 253.25 Y 811 402 1013 50 0.041 0.077 0
290 208 405 179 248 832 38 0.097 0.151 0
991 38.75 0 113 42 155 10 0.038 0.068 0
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8992 268 411 401 2582 1064 33 0.0108 | 0.167 0
293 261.75 550 241 256 1047 31 0.087 0.138 5
994 237.75 430 328 182 951 36 0.054 0.09 0
985 44.25 0 48 128 177 18 0.0168 | 0.246 0
996 225.75 0 565 338 903 20 0.054 0.091 0
997 246 415 154 415 084 25 0.051 0.091 0
988 181.75 403 279 85 767 16 0.072 0.115 0
999 237.75 444 442 65 981 22 0.05 0.086 0
1000 | 211.25 495 203 147 845 29 0.055 0.091 0
1001 214 401 224 231 856 35 0.046 0.082 0
1002 816.5 402 1639 1225 3266 120 0.093 0.151 0
1003 28.25 0 78 35 113 8 0.0469 | 0.848 Y
1004 900 0 1877 1723 3600 94 0.0124 | 0.197 0
1005 | 155.25 0 435 186 621 37 0.01 0.148 0
1006 | 992.75 470 1502 1999 3971 109 0.049 0.086 0
1007 75.75 0 150 153 303 26 0.0104 | 0.162 0
1008 1227 0 2543 2365 4908 167 0.067 0.108 0
1009 163.5 417 93 144 654 26 0.0107 | 0.165 0
1010 176.5 526 72 108 708 23 0.0105 | 0.157 0
1011 539.5 408 885 865 2158 77 0.07 0.112 | 0
1012 100.5 G 185 247 402 28 0.0142 | 0.223 0
1013 | 567.75 0 1152 1119 2271 77 0.0101 { 0.154 ¢ 0
1014 176 0 121 583 704 31 0.062 0.101 0
1015 719 461 1280 1135 2876 60 0.064 0.104 0
1016 203.5 429 203 182 814 28 0.059 0.098 0
1017 | 187.25 568 102 79 749 21 0.059 0.1 0
1018 | 404.75 430 480 709 1619 63 0.072 | 0.115 0
1019 236.5 0 408 537 946 26 0.0212 0.37 0
1020 337 0 990 358 1348 34 0.016 0.255 0
1021 194 401 267 108 776 24 0.069 0.11 0
1022 904 436 1095 2085 3616 130 0.088 0.142 0
1023 170.5 422 100 160 682 18 0.011 0.18 0
1024 | 1032.3 401 1320 2408 4129 145 0.078 0.131 0
1025 | 264.75 457 365 237 1059 44 0.0129 | 0.205 0
1026 | 236.25 473 238 234 945 42 0.0141 | 0.234 0
1027 76 0 63 241 304 15 0.0131 | 0.201 0
1028 | 188.75 438 148 168 755 38 0.014 0.215 0
1028 16 0 53 11 64 7 0.0138 021 0
1030 256 0 465 559 1024 57 0.0226 | 0.363 0
1031 32525 0 786 515 1301 40 0.0175 | 0.268 0
1032 | 188.75 443 186 130 759 18 0.074 0.121 0
1033 | 890.75 400 1346 1053 2799 84 0.078 0.126 0
1034 310.5 576 365 301 1242 39 0.01 0.158 0
1035 374 0 240 1256 1496 45 0.0126 | 0.208 0
1036 72565 0 868 2033 2902 o8 0.0215 | 0.368 0
1037 52.5 0 66 144 210 15 0.0266 | 0.411 0
1038 256 437 363 224 1024 34 0.0127 0.21 0
1039 452.5 0 496 1314 1810 23 0.0144 | 0.248 0
1040 465.5 0 708 1156 1862 53 0.0233 | 0.421 0
1041 185.75 0 204 579 783 8 0.0291 | 0.372 Y
1042 687 421 1594 733 2748 62 0.088 0.144 0
1043 96.75 0 266 121 387 36 0.0252 | 0.354 0
1044 2 0 4 4 8 2 0.033 0.596 0
1045 260.5 0 426 816 1042 38 0.0217 | 0.371 Y
1046 | 139.25 403 115 38 557 16 0.07 0.114 0
1047 93 0 248 124 372 20 0.0253 | 0.435 0
1048 700.5 0 1160 1642 2802 50 0.0167 0.26 G
1048 218 442 245 184 872 37 0.0111 | 0478 0
1050 77.75 Y 158 153 311 12 0.018 0.282 0
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1051 1264.3 406 2188 2463 5057 118 0.0111 | 0178 J
1052 | 476.25 402 703 800 1805 73 0.075 0.119 Y
1083 935.5 422 1823 1397 3742 92 0.0145 | 0.236 0
1054 | 251.25 Y 745 260 1005 34 0.0205 | 0.321 0
1055 27.75 G 43 68 111 13 0.0207 | 0455 0
1056 8.25 0 14 19 33 7 0.0318 | 0.528 0
1057 4.5 0 8 10 18 4 0.0224 | 0.341 Y
1058 2345 444 241 253 038 23 0.084 0.135 0
1058 142.5 401 49 120 570 18 0.0141 | 0.478 0
1060 172 409 52 217 688 22 0.0107 | 0.167 0
1061 12 0 26 22 48 7 0.0274 | 0.427 0
1062 1775 0 472 238 710 24 0.024 0.32 0
1063 148.25 0 365 232 597 36 0.0195 | 0.313 0
1064 | 287.75 0 357 794 1151 22 0.0151 | 0.237 0
1065 40.75 0 74 89 163 22 0.022 0.354 0
1066 | 205.25 424 268 129 821 25 0.015 0.228 0
1067 33.25 0 61 72 133 13 0.0152 | 0.233 0
1068 289.5 452 470 236 1158 20 0.0143 | 0.212 0
1068 | 238.25 426 274 253 953 28 0.0166 | 0.257 0
1070 742.5 0 1742 1228 2970 95 0.0211 | 0.343 0
1071 17 0 59 9 68 6 0.07 0.113 0
1072 31.25 0 11 114 125 5 0.093 0.163 0
1073 | 697.25 0 1085 1704 2789 102 0.0107 | 0.174 0
1074 394 0 208 1278 1576 39 0.0108 | 0.165 0
1075 520.5 448 887 783 2118 67 0.082 0.131 0
1076 | 505.26 0 1208 813 2021 48 0.076 0.12 0
1077 | 650.25 590 483 1528 2601 68 0.098 0.15 0
1078 101.75 0 312 g5 407 21 0.052 0.09 0
1079 | 300.75 408 579 216 1203 46 0.036 0.069 0
1080 | 939.75 457 1438 1864 3759 87 0.046 0.081 0
1081 264.5 442 208 318 1058 30 0.081 0.131 0
1082 48 0 127 85 192 13 0.0111 | 0.195 0
1083 345.5 0 934 448 1382 47 0.097 0.161 0
1084 | 318.25 405 619 248 1273 41 0.086 0.144 0
1085 37.5 0 56 94 150 18 0.041 0.074 0
1086 8 0 8 24 32 4 0.027 0.058 0
1087 140.5 0 195 367 562 23 0.0101 | 0.168 0
1088 311 425 486 333 1244 36 0.0108 | 0.161 0
1089 1425.5 0 2278 3424 5702 157 0.0136 0.21 0
1080 240 0 423 537 960 35 0.0126 ; 0.189 0
1081 329 404 759 153 1316 27 0.062 0.101 0
1002 332.5 0 719 611 1330 42 0.087 0.138 0
1083 202 408 183 207 808 26 0.054 0.092 0
1084 228 452 276 188 916 39 0.03% 0.072 0
1085 54.75 0 86 133 219 15 0.0175 | 0.267 0
1096 248 406 357 228 982 27 0.081 0.126 0
1087 89.25 Y 168 188 357 19 0.0158 | 0.235 e
1028 581 466 526 1333 2324 46 0.067 0.108 0
1098 | 648.75 412 1440 743 2585 69 0.074 0.118 0
1100 3 0 i2 0 12 1 0.044 0.086 0
1101 501.5 418 715 873 2008 g5 0.0102 0.16 0
1102 12.75 0 40 11 51 7 0.038 0.071 G
1103 | 642.75 401 902 1268 2571 79 0.041 0.075 0
1104 48.25 0 110 83 183 14 0.061 0.105 0
1108 86.75 G 212 135 347 24 0.048 0.083 Y
1106 1 1108.3 577 1683 2167 4437 101 0.089 0.168 0
1107 1 193.75 412 137 226 775 27 0.0138 | 0.236 0
1108 201 406 222 176 804 36 0.0118 | 0.154 0
1102 870.5 0 2453 1026 3482 141 0.0139 | 0.223 0
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1110 150.75 0 87 516 603 12 0.058 0.085 0
1111 81.75 0 56 271 327 18 0.047 0.081 0
1112 172 401 140 147 588 26 0.044 0.08 0
1113 274.5 445 568 85 1098 19 0.031 0.062 0
1114 174 400 203 93 696 36 0.034 0.066 0
1115 1 106.75 0 141 286 427 12 0.068 0.112 0
11146 | 220.75 828 108 183 918 20 0.028 0.06 G
1117 158 407 118 107 632 30 0.06 0.112 0
1118 | 587.25 0 1313 956 2268 105 0.0165 | 0.256 0
1118 255 400 150 470 1020 21 0.097 0.167 0
1120 190 529 140 91 760 24 0.0145 | D.272 0
1121 10 0 9 31 40 7 0.013 0.044 0
1122 177 485 152 71 708 22 0.0169 1 0.272 0
1123 335 431 444 465 1340 49 0.0178 | 0.277 0
1124 308 442 472 318 1232 55 0.0165 § 0.259 0
1125 | 181.25 0 515 210 725 41 0.0234 | 0.413 | 0
1126 | 330.25 0 568 753 1321 50 0.0151 | 0.239 0
1127 618 443 1111 918 2472 67 0.0195 | 0.412 0
1128 79.75 0 80 239 318 21 0.0104 | 0.188 0
1129 | 249.75 543 119 337 999 25 0.048 | 0.085 0
1130 | 18225 403 261 65 729 17 0.0155 | 0.278 0
1131 507.75 432 339 1260 2031 38 0.0133 | 0.206 0
1132 | 203.75 434 79 302 815 26 0.0137 | 0.222 Y
1133 221 436 249 199 884 31 0.0162 | 0.267 0
1134 | 155.26 400 104 117 621 26 0.0141 0.22 0
1135 195.5 461 60 261 782 17 0.0172 | 0.269 0
1136 54.25 0 175 42 217 15 0.01 0.148 0
1137 181 511 132 81 724 22 0.0108 § 0.176 0
1138 540.5 0 707 1455 2162 93 0.012 0.191 | 0
1139 | 377.25 408 605 496 1509 46 0.0173 | 0.272 0
1140 4445 400 1084 294 1778 59 0.0271 | 0.559 0
1141 68.75 0 177 90 267 21 0.0291 | 0.459 0
1142 198.5 0 353 441 794 39 0.0146 | 0.223 0
1143 | 276.25 424 181 500 1105 39 0.011 0.17 0
1144 27.25 0 42 67 109 12 0.0176 | 0.269 0
1145 | 1070.5 0 2112 2170 4282 93 0.019 0.307 0
1146 547.5 403 892 895 2180 78 0.0145 | 0.233 0
1147 160 0 11 629 640 5 0.0183 | 0.325 0
1148 92.75 0 61 310 371 20 0.0128 | 0.198 0
1149 | 308.25 451 445 341 1237 29 0.0191 | 0.315 0
1150 | 508.75 410 812 813 2035 90 0.077 0.123 0
1151 153.5 402 69 143 5614 19 0.0197 | 0.345 0
1152 | 265.75 0 918 144 1063 35 0.0175 | 0.292 0
1153 | 278.75 0 569 538 1107 70 0.0174 | 0.263 0
1154 38.5 0 98 56 154 8 0.091 0.138 0
1155 | 447.75 425 244 1122 1791 45 0.052 0.087 0
1156 | 330.25 403 608 310 1321 35 0.078 0.12 0
1167 | 200.25 506 194 101 801 23 0.063 | 0.101 0
1158 | 466.25 434 506 925 1865 34 0.096 0.15 0
1159 | 222.25 433 178 278 888 36 0.0155 | 0.248 0
1160 | 366.75 450 128 889 1467 32 0.013 0.196 0
1161 710 412 1523 205 2840 101 0.0165 | 0.273 0
1162 8.75 0 19 8 27 4 0.0131 | 8.181 0
1163 767 408 552 2108 3068 64 0.052 0.085 0
1164 58.5 0 83 175 238 12 0.012 0.04 0
1165 187 0 708 38 748 23 0.0116 0.2 0
1166 9.25 0 28 S 37 2 5E-05 | 0.025 0
1167 | 330.75 0 760 563 1323 4% 0.066 0.113 0
1168 | 202.25 407 212 180 809 33 0.064 0.104 0
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1168 | 12525 Y 192 309 501 24 0.045 0.084 Y
1170 79.75 g 113 206 319 23 0.061 0.106 0
1171 241 400 505 59 964 17 0.062 0.102 0
1172 0.75 0 3 0 3 2 0.007 0.032 0
1173 4 0 12 4 16 4 0.011 0.04 0
1174 18.75 0 26 49 75 16 0.01 0.039 0
1175 | 374.25 430 598 468 1497 46 0.0149 | 0.227 0
1178 322.5 500 271 519 1280 24 0.015 0.31 0
1477 26 0 71 33 104 12 0.034 0.064 0
1178 | 382.25 415 916 198 1529 50 0.0234 | 0.407 0
1179 14.25 0 34 23 57 8 0.041 0.082 0
1180 252 0 433 575 1008 29 0.085 0.15 0
1181 356 457 299 668 1424 63 0.0198 | 0.316 0
1182 3.75 0 10 5 15 3 | 0.094 0.132 0
1183 288 0 852 300 1152 23 0.0231 | 0.375 0
1184 286 405 218 521 1144 47 0.0204 | 0.338 9
1185 96.75 0 167 220 387 17 0.097 0.157 0
1186 291.5 409 175 582 1166 32 0.0211 | 0.334 0
1187 527.5 505 979 626 2110 62 0.0177 C.28 0
1188 162.5 441 111 98 650 30 0.0208 | 0.336 0
1188 375.5 439 736 327 1502 56 0.0208 | 0.328 0
1190 | 369.75 514 618 347 1479 83 0.0142 @ 0.225 0
1191 6.25 0 22 3 25 2 0.034 0.07 0
1192 286 455 445 244 1144 58 0.0151 | 0.234 0
1193 6.5 0 11 15 26 8 0.055 0.099 0
1194 290.5 435 283 434 1162 61 0.0163 | 0.273 0
1195 442 469 685 614 1768 47 0.016 0.268 0
1196 250.5 419 540 43 1002 20 0.0163 | 0.304 0
1197 569.5 0 904 1284 2278 107 0.0242 | 0.415 0
1198 8.25 0 23 10 33 5 0.0333 | 0.488 0
1199 31.5 0 30 96 126 10 0.0222 | 0.338 0
1200 296.5 0 493 693 1186 77 0.0121 | 0.186 0
1201 201 408 88 308 804 20 0.046 0.08 0
1202 132 0 458 70 528 25 0.051 0.086 0
1203 | 234.25 404 211 322 937 25 0.05 0.087 0
1204 | 227.25 435 65 409 902 25 0.052 0.087 0
1205 262 0 550 488 1048 46 0.0128 | 0.199 Y
1206 | 276.75 401 243 463 1107 40 0.062 0.101 0
1207 2.75 0 11 0 11 2 0.053 0.078 0
1208 | 405.25 425 281 915 1621 55 0.092 0.142 0
1209 494.5 403 932 643 1978 35 0.072 0.113 0
1210 3415 418 741 207 1366 60 0.0105 0.16 0
1211 252.5 493 287 230 1010 31 0.0108 | 0.172 Y
1212 | 167.25 418 210 43 669 18 0.0127 | 0.202 0
1213 366.5 417 132 917 1466 43 0.0112 | 0.174 0
1214 226 411 340 153 804 52 0.086 0.13 0
1215 542.5 481 612 1077 2170 80 0.0128 | 0.183 0
1216 | 455.25 413 428 980 1821 o7 0.073 0,114 0
1217 | 4585.75 464 1131 228 1823 44 0.0102 | 0.155 Y
1218 33.25 0 79 54 133 11 0.062 0.098 0
1218 | 640.25 0 1803 758 2561 120 0.0115 | 0.177 0
1220 380.5 506 367 648 1522 37 0.0108 : 0.158 0
1221 2255 405 151 346 902 33 £.0103 ; 0.161 0
1222 | 18475 401 215 123 738 22 0.082 0.138 0
1223 406 402 481 731 1624 47 0.07 0.118 0
1224 | 235.75 401 381 161 943 37 0.04 0.072 0
1225 | 820.75 412 1021 650 2083 123 0.011 0.169 0
1226 97.5 0 81 298 380 25 0.066 0.108 0
1227 305 761 61 398 1220 24 0.0126 | 0.195 0
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1228 367 552 392 524 1468 69 0.0138 0.21 0
1229 851.5 0 2518 388 3406 127 002161 038 | 0
1230 212.5 478 330 42 850 23 0.0174 | 0.274 0
1231 247 0 368 620 988 18 0.0205 ¢ 0.338 0
1232 | 196.25 401 229 155 785 22 0.0161 | 0.247 Y
1233 | 196.25 400 272 113 785 17 0.0231 | 0.398 0
1234 ; 571.75 476 045 866 2287 75 0.0336 | 0.683 0
1235 | 130.75 0 84 439 523 17 0.0225 | 0.345 0
1236 1915 427 146 183 766 34 0.0313 | 0.586 0
1237 852.5 4866 1204 1740 3410 115 0.0274 | 0.556 0
1238 358.5 435 341 562 1438 78 0.08 0.14 0

1 384331 278744 629815 628764 48074  2E+08 0.189 0

Note: source, left, and right cells include aliernate channel rasters.
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Tabie C4: CE-QUAL-RIV1 Simulation Parameter Used

Yariable Yalus Description Units
DOsat 9.092 Saturated DO level mg/L
K1 0.35 deoxygenation coefficient d-1
K2 1.1 reaeration coefficient d-1
K3 G BOD sstiling rate d-1

K4 20 Sediment oxygen demand rate ma/m2/d
umax 2.5 Maximum algal growth rate d-1
HLMP) 0.7 algat growth limitation factor
ad 1.6 mg-O/mg-ABM
ad 2 mg-O/mg-ABM
rho 0.1 algal respiration rate d-1
sig1 0.1 algal settling rate d-1
sig2 1 benthos source rate for P mg/m2/d
sig3 4 benthos source rate for N mg/m2/d
sigd 0.1 N settling rate d-1
sig5 0.1 P settling rate d-1
Beta1 0.15 ammonia oxidation rate d-1
Beta?2 1 nitrite oxidation rate d-1
Beta3 0.25 N hydrolysis rate d-1
Betad 0.2 P hydrolysis rate d-1
fitr 1 nitrification limitation factor
Fnh4 0.9 ammonia preference factor




C.3. BASEFLOW SEPARATION

Baseflow was determined for typical years based on historical streamflow records at the

watershed outlet and along the river channel. Data was examined both on a daily and monthly
timestep, and a simple manual separation technique was employed to estimate average monthly

baseflow conditions.

The method used to separate streamflow into direct runoff and baseflow components is

shown in Figure C1.

~
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Figure C1: Manual Baseflow Separation Technigue

Essentially the separation assumes that flow prior to the beginning of precipitation events
is baseflow and that the baseflow component does not change substantially during the runoff
event. This method was applied on the daily timestep data to obtain daily direct runoff and
baseflow components. The assumption was further made that baseflow changes over a monthly
period were negligeable, so a monthly baseflow component was then derived from the averages
of the daily results. Although strictly speaking this is considered a “manual” technigue, a
spreadsheet was constructed to aid in the hydrograph separation process. The resulting separation

yields a simple model of the base flow component, as shown in Figure C2.
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Figure C2: Baseflow Separation Results

It should be noted that this method, like most baseflow separation techuniques, is to some

degree arbitrary and highly subjective.
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APPENDIX D: ANNAGNPS SENSITIVITY ANALYSIS

Table D1: Case Matrix (Weather Scenarios)

Run Name Climate Description Data Source
Run001 Base Case {Average) Synthetic from GEM
Run002 Average Historical
RunG03 Warm, Wet Year Historical
Run(04 Warm, Dry Year Historical
Run005 Cold, Wet Year Historical
Run006 Cold, Dry Year Historical
Run007 25% Precipitation of Base Case Multiple of Base Case
Run008 175% Precipitation of Base Case A Multipie of Base Case
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Table B2: Case Matrix (Cell Data)

Run Number

Adjusted Parameter

Adjusted Value

9 Cell Area 25% Base
10 Ceil Area 175% Base
11 Celi Elevation 25% Base
12 Cell Elevation 175% Base
13 Cell avg Land slope 25% Base
14 Cell avg Land slope 175% Base
15 Cell Aspect 25% Base
16 Cell Aspect 175% Base
17 RUSLE/USLE Is factor 25% Base
18 RUSLE/USLE s factor 175% Base
19 Sheet Flow n 25% Base
20 Sheet Flow n 175% Base
21 Sheet Flow Slope 25% Base
22 Sheet Flow Slope 175% Base
23 Sheet Flow Length 25% Base
24 Sheet Flow Length 50% Base
25 Shallow Conc Flow Slope 25% Base
26 Shallow Conc Flow Siope 175% Base
27 Shallow Conc Flow Length 25% Base
28 Shallow Conc Flow Length 50% Base
29 Congc Flow Siope 25% Base
30 Conc Flow Slope 175% Base
31 Conc Flow Length 25% Base
32 Conc Flow Length 175% Base
33 Conc Flow Hyd. Depth 25% Base
34 Conc Flow Hyd. Depth 175% Base
35 Concentrated Flow n 25% Base
38 Concentrated Flow n 175% Base
37 Time of concentration 25% Base

38

Time of concentration

175% Base
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Table D3: Case Matrix {Reach Data)}

Run Number Adiusted Parameter Adiusted Yalue
3% Reach Elevation 25% Base
40 Reach Elevation 175% Base
41 Reach Slope 25% Base
42 Reach Slope 175% Base
43 Reach Manning’s n 25% Base
44 Reach Manning's n 175% Base
45 Reach Length 25% Base
46 Reach Length 175% Base
47 Reach Top Width 25% Base
48 Reach Top Width 175% Base
49 Reach Flow Depth 25% Base
50 Reach Flow Depth 175% Base
51 Valley Width 25% Base
52 Valley Width 175% Base
53 Valley Manning's n 25% Base
54 Valley Manning’s n 175% Base
55 Distance to Outlet 10000% Base

Table D4: Case Matrix (Field Data)

Run Number

Adjusted Parameter

Adjusted Value

56 Percent Rock Cover 25%
57 Percent Rock Cover 75%
58 RUSLE sub-P factor 25%
59 RUSLE sub-P factor 75%
60 Inter-rill Erosion Code 1
61 inter-rill Erosion Code 2
62 inier-rill Erosion Code 4
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Table D5: Case Matrix (Reach Nutrient Half-Life Data)

Run Number

Adjusted Parameter

Adjusted Value

63 Reach Nitrogen Hali-life 25% Base
84 Reach Nitrogen Half-life 175% Base
65 Reach Phosphorus Haif-life 25% Base
66 Reach Phosphorus Hali-life 175% Base
67 Reach Organic Carbon Half-life 25% Base
68 Reach Organic Carbon Half-life 175% Base

Table D6: Case Matrix (Soil Data)

Run Number Adjusted Parameter Adjusted Value
69 Hydrologic Scil Group A
70 Hydrologic Soil Group B
71 Hydrologic Soil Group D
72 K factor 25% Base
73 K factor 175% Base
74 Albedo 25% Base
75 Albedo 175% Base
76 Time to consolidation 25% Base
77 Time to consolidation 175% Base
78 impervious depth 25% Base
79 Impervious depth 75% Base
80 Specific Gravity 50% Base
81 Specific Gravity 150% Base
82 Clay Ratio 25% Base
83 Clay Ratio 175% Base
84 Silt Ratio 75% Base
85 Silt Ratio 125% Base
86 Sand Ratio 25% Base
87 Sand Ratio 175% Base
88 Rock Ratio 25%
89 Rock Ratio 75%
90 Very Fine Sand Ratio 25% Base
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91 Very Fine Sand Ratio 75% Base

92 CaCO03 conient 25% Base

93 CaCO3 content 175% Base
24 Saturated Conductivity 25% Base

95 Saturated Conductivity 175% Base
o8 Field Capacity 50% Base

87 Fieid Capacity 150% Base
23 Wilting Point 25% Base

99 Wilting Point 175% Base
100 Volcanic Code Y

101 Base Saturation 25% Base

102 Base Saturation 175% Base
103 pH 25% Base

104 pH 175% Base
105 Organic Matter Ratio 25% Base

106 Organic Matter Ratio 175% Base
107 Organic N Ratio 25% Base

108 Organic N Ratio 175% Base
109 Inorganic N Ratio 25% Base

110 Inorganic N Ratio 175% Base
111 Organic P Ratio 25% Base
112 Organic P Ratio 175% Base
113 Inorganic P Ratio 25% Base
114 Inorganic P Ratio 175% Base
115 Soil Structure Code 2

116 Soil Structure Code 3

117 Soil Structure Code 4

Table D7: Case Matrix (Runoff Curve Number)

Run Number

Adjusted Parameter

Adiusted Value

118

Curve Number

90% Base (for alf)

112

Curve Number

110% Base {for all)

120

Curve Number

Cidentic A
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121

Curve Number

Cldentio B

122

Curve Mumber

CidenticD

Table D8: Case Matrix {Landuse Reference Data)

Run Number Adjusted Parameter Adjusted Value
123 Annual Root Mass 25% Base
124 Annual Root Mass 175% Base
125 Annual Cover Ratio 75% Base
126 Annual Cover Ratio 125% Base
127 Annual Rain Fall Height 25% Base
128 Annual Rain Fall Height 175% Base
129 Surface Residue Cover 25% Base
130 Surface Residue Cover 175% Base

Table D9: Case Matrix (Operations Data)

Run Number Adjusted Parameter Adjusted Value
131 Operations Date +2 months
132 Operations Date -2 months
133 Residue Cover Remaining 90% Base
134 Residue Cover Remaining 110% Base
135 Residue Weight Remaining 25%
136 Residue Weight Remaining 75%
137 Area Disturbed 25% Base
138 Area Disturbed 175% Base
139 Initial Random Roughness 25% Base
140 initial Random Roughness 175% Base
141 Final Random Roughness 25% Base
142 Final Random Roughness 175% Base
143 Cperation Tillage Depih 25% Base
144 Operation Tillage Depth 175% Base
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Table D10: Case Matrix {Crop Data)

Run Number

Adjusted Parameter

Adjusted Value

145 Units Harvested 25% Base

146 Units Harvested 15% Bass

147 Residue Weight Ratio 25% Base

148 Residue Weight Ratio 175% Base

149 Crop Residue 25% Base

150 Crop Residue 175% Base

151 Senescence Code N

152 Yield Unit Weight 25% Base

153 Yield Unit Weight 175% Base

154 Harvest C-N Ratio 25% Base

155 Harvest C-N Ratio 175% Base

156 N Uptake 25% Base

157 N Uptake 175% Base

158 P Uptake 25% Base

159 P Uptake 175% Base

160 Harvest C-P Ratio 75% Base

161 Harvest C-P Ratic 125% Base

162 Growth N Uptake (rate) 25% Uptake Schedule
163 Growth N Uptake (rate) { 175% Uptake Schedule
164 Growth P Uptake (rate) 25% Uptake Schedule
165 Growth P Uptake (rate) | 175% Uptake Schedule
166 Root Mass 25% Base

167 Root Mass 175% Base

168 Canopy Cover 25% Base

169 Canopy Cover 175% Base

170 Rain Fall Height 25% Base

171 Rain Fall Height 175% Base
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Table D11: Case Malrix (Simulation Period Data)

Run Number

Adjusied Parameter

Adjusted Value

172 Rainfali Dist, Code 1

173 Rainfall Dist. Code 2

174 Rainfali Dist. Code 4

175 Rainfail Dist. Code 5

176 Rainfall Dist. Code 8

177 Rainfall Dist. Code 7

178 Rainfali Dist. Code 8

179 Rainfali Dist. Code 9

180 Rainfali Dist. Code 10

181 Rainfall Dist. Code 11

182 Rainfall Factor 25% Base
183 Rainfall Factor 175% Base
184 10 yr E} 25% Base
185 10 yr Ei 175% Base
186 El Distribution 1

187 El Distribution 50

188 El Distribution 149
189 Irrigation Climate Code 100%
190 Soil Moisture Sieps 25% Base
191 Soil Moisture Steps 175% Base
192 Annual K factor code N

193 Variable K factor code N
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Tabie D12: Case Matrix {Fertilizer Application & Reference Data)

Run Mumber Adiusted Parameter Adjusted Value
194 Fertilizer Base Case _ 0%
185 Fertilizer Rate 25% Base
198 Fertilizer Rate 175% Base
197 Fertifizer Mixing Code Y
198 inorganic N 50% Base
199 inorganic N 25% Base
200 Inorganic P 50% Base
201 Inorganic P 25% Base
202 Organic Matler 42.5%
203 Organic Matier 85%

Table D13: Case Matrix (Feediot & Feedlot Management Data)

Run Number Adjusted Parameter Adjusted Value

204 Feediot Base Case 0%

205 Open Area 25% Base
206 Open Area 175% Base
207 Paved Ratio 25% Base
208 Paved Ratio 175% Base
209 Roof Area 25% Base
210 Roof Area 175% Base
211 Upsiope Area 25% Base
212 Upsilope Area 175% Base
213 Feediot initiai N 25% Base
214 Feediot initial N 175% Base
215 Feediot initial P 25% Base
216 Feediot Initial P 175% Base
217 Feediot Initial OC 25% Base
218 Feedlot initiai OC 175% Base
219 Delta N 10% initial
220 Delta N 25% Initial
221 Delta P 10% Initial
222 Delia P 25% Initial
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224 Deita OC 25% Initial
225 Feediot Max N 25% Base
226 Feedlot Max N 175% Base
227 Feediot Max P 25% Base
228 Feediot Max P 175% Base
229 Feedlot Max OC 25% Base
230 Feedlot Max OC 75% Base
231 Feediot Pack N 25% Base
232 Feediot Pack N 175% Base
233 Feediot Pack P 25% Base
234 Feediot Pack P 175% Base
235 Feediot Pack OC 25% Base
238 Feedlot Pack OC 175% Base
237 Cell Open Fract 0%
238 Cell Open Fract 50%
239 Cell Upslope Fract 0%
240 Cell Upslope Fract 50%
241 Cell Buffer Length 75 m
242 Cell Buffer Length 225 m
243 Pack Remove Ratio 0

244

Pack Remove Ratio

100%
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D.2. SENSITIVE PARAMETER LIST

Table D14: Primary Parameters

Parameter Category

Parameters
Crop Data Senescence code, Yield Units Harvested, Crop
Residue, Yield Unit Weight
Soil Data

Hydrological Soil Group & Runoff Curve Number,
Organic Matter, P & N ratios, Soil Structure code

Simulation Data

SCS Distribution, Rainfall Factor

Field Data

Percent Rock Cover, RUSLE sub-P factor, Inter-

rill Erosion code

(Parameters are listed in approximate order of effect.)

Table D15: Secondary Parameters

Parameter Category

Parameters

Crop Data

Root Mass, Canopy Cover

Soit Data

Specific Gravity, Soil Clay/Silt/Sand Ratio.

Operations Data

Dates of implementation, residue weight

remaining, random roughness

Fertilizer Data

FAR, Inorganic N

Feediot Data

Feedlot Max N, P & OC

{Parameters are listed in approximate order of effect.)
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D.3 HE STIC APPROACH FOR THE CALIBRATION TASK

-‘Primary’ parameters will generally impact watershed-wide calibration issues, while

secondary parameters’ may be useful for adjusting behaviour of the model locally without

greatly affecting the entire model.
-The volume of water should be calibrated first to known data.

-If the volume of water needs to be adjusted, the hydrologic soil groups, runoff curve

numbers and other parameters known to affect water volume may need adjusting.

-Since the phosphorus loadings are generally much less sensitive than the organic carbon

or nitrogen loadings, it may be advantageous to first calibrate the P resulis alone.

- The soluble forms of nitrogen can be calibrated next, and these are especially linked to

FARs.

- The attached nitrogen and organic carbon nutrients can then be calibrated. When a
reasonably close value for nitrogen and carbon is obtained, the attached organic carbon

can be adjusted individually by adjusting the soil parameters.

- If the loadings of the soluble form of organic carbon are inadequate, this may indicate

that a change in feedlot parameters or cell parameters for feedlot cells is required.
- Refine the nutrient calibration by going through Steps 3- 6 again.

- Threshold parameters (e.g., ‘time to consolidation’, ‘impervious depth’, ‘canopy cover’)

can be used to isolate and simplify calibration tasks.



D.4 GA CALIBRATION
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Figure D.1: Progress of GA Calibration at outlet

Figure D.1 shows the progression of calibration ‘fitness’ at the watershed outlet as the
genetic algorithm progressed through several generations. The ‘fitness’ as considered in this case

is the relative error in nutrient loadings at the outlet.
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APPENDIX E: AGRICULTURAL
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i70

Governing Equations of CE-QUAL-R

(as extracted from USAWES (1995))
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FRRT II: THE COVERNINS BEATIONS

1i. ¥he wremsport of mvmenvuy and wels? qualizy cesstituents during
wmatesdy flows cop be marksd by shary gradionts in flow, elevetion, =nd water
quality sopcentrstions,. Theae gradients can be propegated by the Llow wave
throagh regions of highly varisble eross sections intersmittontly folned by
wajer inflew exibutariss, with the magoitudss of censentyavions ofven beisg
sugmentad by bath peint and wenpoelnt soures sentributions,

12, Simee the spesd of flow waves 1z often guite high, water gualivy
conranttations can be domineted by sdvestive tronspert rather than bloges-
chemical incersctions snd diffusion. Therefore, the water quslity modsi muss
ke dynsmic znd bave the fellowing minlmen attributes. The model must:

#.  Aecount For time-wayving flow, slevetion, spd water gualivy
constituene changes resulting fres highly uwnateady flows,

k. Include the divest explicit intersction of Flow and elevation
on the constivwent distribotions.

£ Be spplicebls for a viver chanmel of srbitrary eross sectiom
god speeified bottow micps.

£ Allow for a mubey of water guality comstituents and the proper
mathewatical specification of thelr mathematica]
inesrrelationship,

g. hccount for the sffects of lateral impuls of webter ard associ-
ated pollutant concsngvations.

£. &llow simulation of multiple hydranlic ecnerel strustures,

13. The sssumptions that the sbove awtributes veguire for the develop-
ment of the basis peverning trensport eguatiens ave listed balow, ¥For a river
that is woeh longer thep wide or deep, the Tollowing sssuwptions apply:

3- Hydrostatic pressure exists.

B, Laversl and vertical grediznts are small and peglsoted; thus
the eguations are cross-sectiomaily awersged for Flow and
copstiteent verisbles {(1-U asswmption),

£. - all cross sections end bottse configurstions sve known.

4. 411 latsxel point and nonpelint seuwree Flows snd Inper conces-
travions sle kboown.

14, Hhen selved, the hydraulic syansper? equations peimis the calewla-
tiom of dowmstress histeries of flow and weter surfase slevation. These
sguerions ere well Ynown, end their derivetions ave yaits teutime. There srs
twp Aiffarent spprosches to the derivacion of fiow wave equations. The first

]
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grares with the besic vhrse-dbtesnsional (3.0} asguscions of contisesliy and
Bavier Stekes (Bipd, fvewere, and Lightfoer 195%) and by ctess-sactienal
svaraging reduesz the four egustiens to 3 zouplsd palz of dynenie sveds-
sectionally sverzged sgustiows for leodglitedinal spees eod thwe pattevos of
£law sud elevatien., This procedurs, hewevsy, alweys vesulis In the pecesslty
of specifying 2 vary smbigucus ofdy visoezity to sceount Do the ever-pressnt
eorrelstions betvesn fluctuating cospoesece sesulsiog from the averaging.
lengitedinel addy viscosities ave very small, persieulevly during elsvated
Tiouws (Fizcher ot al. 1879}, ard eve quive Pregvently used Improperiy oo tune
i so¥PecE dvnsie¥ ints emletense rether then to represent sctuel problem
ghyaios. & sevond approsch, vhich swsumes Lovisceld flow, iz the contrel
volwes mathed {(Liggetw 1973} used to derive the egvations herein.

15, The sorevien and cesrdivave systes sys dafined az fv Plgure 1. It
ie apsumed thee the coordimats system i plesed im the river bottem with the
ted slape welstive teo s gravity-based ceerdisste system being mah ther
can Bw & , and, theysfore, § is very smsll. It is further aspumed thet 2
iz directed poaitive dovostresm omd thet beceuse the bed slepe Iz very small,
the water slevation hiz,t) , direcesd parsilel to the gravivational divee-
tion, iz pezpandicular se ®. AlR.bY iz the crosse-seciionsl arss of flow,
an8 B{x,®} 42 the top width of flew. If the velationship among sres of

-‘&ﬁi“amﬁ’s A ':; FEC ATyl X arid e 2
Figuwre L. Coordlnave pyebem and woiztisn



Clow, top width, ard €low deprh is repressuied by che shape fastor £{z) , 4
atl B can be Tzisted Th hWiz,1) .

18, Assuas a5 in Flgere 3 thas & disceete leageh 2% of river shenmel
S leelated. IF the £low is fres lafe ¢o svight, then wndt normals w, end
me  #re Sedined a8 helng posivive gwey froo esch faoe thepegh whieh Flew is
ante¥ing and enitlng. Teotal meor, mowentus, ond species mess will %e son-
served wirkin this contyel velese. Sxreatsr snd Uylis {1978} present the
zeneral foge of the centrel veluss conservetieon law In 2 continuoes with pess
sonsentracion b ag

Z. ‘E_}g.zzw . ggi‘;f{m {1

Enuation 1 #tates that the betal time rate of change of mess in the contrel
volume, B , {8 ~ &%) oguele vhe vime rete of scowmuiation of b within e
contrel volume {ov) plus the net vaee 4% whildh b ip belng serried inte the
vemtrel velumes through the contrel swrfsce {es). The ov conservarlons of
water mass, pomenven, end specles megs &I%, f&a;ecﬂ%i;{, writtan for an
arbirrary ov in 8 3D fiew fiels % gz

Hazs: {ﬁ%gﬁ?# ié'{p%aﬁ}d&aﬁ (3

Homentun: jﬁ% a9 + ij' -6l an~F £33

Hnss : > e ~
species: .Eir %% = }ij ok - o en 5o M}
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Flgure ¥. Centzrol wolume definitions

p 2



175

whare

N

fiuid densiky, WL

= time

= diffarentind velups, L7

walesity vestor {ul + ¥ + of), v
Sifferaneinol aren, L7

#

vt B o e o
§

= weeret sun 2f the resl spplisd ewievpal forces on the ow, wL et
& = specles mass concentyazion, HAS
B¢ = mat source tevsm for blechemical ehasges in e, ¥t
The voriabler ¥ . L . and Tt sve geveral units of mess, length, and tism,
ruepeetively,

47, Ag 4m Ligpere [1973F, 2 wush dlupler 4evivatien is shiainsd for the
eiver probles by ssswuning thet the svazege velocley U (or aversge species
cencentration o) iz fooen 4t 2 oposs section. 4 Tevler series expanszion
azross inlet and sutler permits much sispley sypressions to be idemtified.

38, The comssxvatien of water mass eguatien shews thet the tine rate of
change of stovege equsls net mess sfFlaw thraagh the so swrfens, By o Tayler

series sxpapsion, thevrsfoers

steas) _ My waxf, o ;’:’E} -»{u@i"fﬁla4§§ ;‘?_"}é {3
Er wEL TR T) T = 3

Por en incompressible fiuld such es water, p = comgtomt; sultiplying eut and
dividing by pdn giwes for zmall 8%

g‘ﬁf#ag‘:ﬁﬁ}m@@réﬁ*?&mﬁ {8}
&t 3 dr S

where § is the velumetsic flow rete.

1%



19, The wosenlusn squatlien 13 2 bit so¥e di5F5enlt. It states thet the
net frzee atting on the &% sguals the time rate of chenge of momentum in the
wv plus the oet rave of offles of wmenwm through the ov. Therefods

slgme |4 1o 9 By o
e ﬁ%iummjy% fvcunsl

2 ¥
7
« g {fom) < 2 jom) i‘;i aF
43

The forcs vestor P reguives further sspsnsion Snte thees suhbeategeries:
gravicy, shear, and pressurs fovoes.

0. Gravivy force, f.. The total gravity force iz nothing more than
the conponsnt of the welght of water in the eov {pgadn} direcred tn the
w-direction vy pghdx sin 8 . Theprsfors

1, = pgadas, (8}

where E, o w sin @ =8 iz vhe slepe.

2. Bhssr foree. k.. The chenmel zides snd botrome deplete momsnium by
the sotion of botvem fxievion vy shemr. Uhis depletion i made mathematicelly
snalegeus ts the peevity slope term by setting

£, = puhdes, £9

shere 8y is the friction slope. Seweral forms fer cthe frietieom slope exdst,
bur eithey Chetv oz Xemning forms predesinnts, f.s.

e
g . M €16

s
ii 488 5%

e
G
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whars
oo Maoning's frieriss fantar

B = bydreviie radive which is spprewimessly sgesl e A7% , hers B
iz the tep widdch

Therefore,
y Uk
£, = PEAB oo
: Y &
{1 a8s o
BE

’ n* .
£, = pohsa 2OON (1)

where the sbeolute value hos boon vebsined o ensure that ne mabber «Hich way
the wave propagetes, shear alweys dissipates wmomentum.

22. Erzssuwre. force » The teval pressurs forse on the face of the oy
i the integrel of the izrepulay treve of the eov, i.a,

R
f, = J: pEth = g3E{2)ds (1)

vhars E£{2) 13 the chamns) widith at hetght = shove the bottew. & Teyler
sexies expantion givee the net pressure in the dowsetregm direction

%
g -2 j%{h - €)E{z)dnhu
(13}
Loa
# ”’yzé 50 Pl =~ 2380} ldadx

and by chain rule 3ifferensisvion

is
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gv & % %

: T CBEfmy G 183
E om o~ Foosors 3 z A o G ol 4 .

] %i%‘ . Eisldz g i~ 53 mj s

The £irst term roprasente the praseurs Leree a2t thet partizulay sross ssotisn.

The second term repies the net prassure fores ceused by vapid sree chabgsy
pyver the lengeh &% . If the cheoonels s7s oongidered prismevis zed vegelsy,
then vthe lest serm has 1{veie sigaificence, Tharefore

. & ;
% mﬁ% d

The fimnl sgueticn for mementus fs then

ﬁ i E L i‘%‘w 4 w B3 1@
=t e ELv ] g&@ﬁ gAalS, = 5.3 {16}

3. ] k. angd rribatare dnflow, Renoff frem londs adjscent oo the
chaonel 97 tribakary Inflew can ceuse imcrsased Isvels ef totel mees and
momentun in the river. If g iz the flew per uni® chomnal lsngth estevivg
she Tiver with veloeley U, . then Egusticns 6 and 16 becone, Tespegiively,

&4

..*f?wq {17}
Tt &
agil
&%ﬁ - ﬂhﬁ, o & ol 'i8
E@@E{mwgﬂ% EALE, - B + Y 18}

Howegver, the sedel code dors wot include the last term in Eguetiom 1R becsose
it e zelatively Insignificant comparsd wich orher verss of the momentus
sguarion .
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. Elogd 45 BomeTigns oUEWRE, BRGASs gusmtities vf nome
moviug watey are often storsd fe #he Floodplain. Sines the weber 1z ot mow-
iog. the pomentum swustion vemeins wnaffeeted by thiz feavurs. The contiouisy
squetion wust, hovever, sccownt fov the oxowss moes. If, a6 in Ploure 3, &,
iz defined as the oross-sectional srsa of phe €loodplsln veters, thes Baun-
zhon 17 besomes

Favar e, 9
EIS P

Pigure 3. Floodplein geomssry and netation

Howsver, the effect of floedplain storsge is not pressecly losluded in rhe
G9d%

25, flupmel soretristises. Often wery intenss charnel senstrictions,
due to bridges Tor exswpls, scour over chawnel iengths thal age fax Loo small
te econopisally resolve in fhe model. The subpeld sosle effest of soch

eopEktiiotions is a ntum lone sand backwater sffect. This effect is
acconted for In the right side of the momenies eguation by subtrecting the
forse term; pghly whete hy iz n hesd loge snd X s e stefficiont to be
salestad and optimized, ’

15
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b o QD {20}
-

The dafanlt valus is zere fov oo comsivletien lows. 4 walue for ¥, as high
wz 0.% w by apgfmz:rmw faz an mm:pt conprriction.

s substantiaily sosunifere through the wodel weach, 1t ssy be necwssszy oo
wie & popeneys correetion fanzer £ in ohe sumencus sguation. The mooentus
potvection fsctor £ multiplies the second term on the laft side of fqua-
rion 18; this serveotion pormite the wse of the asverage welseivyr, U . In 2he
gpolution whetras the welosity dlstribution &%t sech cress sentien ey he quite
diffevent frag U . Fu¥ sussple, for lapinpy Flow in £ stvaight rownd oube.
% dm 4¢3, It sgusls 1.0 for unidore flow and zanmot be less then 1.%. For

Yhen the velozlity scress the shansel

RIVIH, & cosstant valus iz wsed throughout the sodeled reach. The defpuly
wglue of 1.0 iz reconsended for rivers and stroums.

27,  Iribusery metver) The mepsntue and continulfy sguations sbove
wusnt be applied to each aud every tributary entering the sain stem. A% sach

junntion, the wster surfsces in esch bramch sest be equal.

8. Agein, by wsing the Taylex sevies appreach, the sdvection and
diffusion of 2 biogeovhemically resctive substance of conceptignion @ i

@lan) | B(Qm) B §m gﬁz] £yq + 50 (21}
at B =i

where
o = purbulent dispersion soafficient

v = ggueentravien of speciss type o snbeving the cributsry frow
lareyal £low g

5% » peareefeiel teys dn upirz of (ALY

Egustion 21 must be written for svery traneperted species.

17
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. For comeiwuiry, the only Snitisl cwnditlens o be specifisd st
pime ©twt, for all themodes 1 Yer {1 e B ave

AR = &, ) m A, {n) (22}

up gioce theve s 2 direst eorrsspecdencse betvest A snd b, % s povaissibls

T wse
hiv = ¢, .%) » k%) (233

Ejther Zguation 22 or 23 must be used, but not both.
3. Fer che mosmentun eguwasion sither

Qit » £,.x) = Q,(x) i24)
o
e =t 1y = 8,00 {253

ig perxmiszible.
3L. Po¥ the specles transpors evuation, xhe following iz used:

w{ w b ) e (x} {35}

pne fox

Bosdayy sondind
e 3 r

3. For the upatresn boundaty al ¥ = § and the Aownstvess bowndary ot
%o b . the fellowing sets of Soundary sonditiscs amsy b wesd for the comblaed
zet of vontipwivy and womsnian equations. Flesse nove that owe First-ordsy

18
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sguations rpagsizs enly 4 totel of tee bevndery senditieons. Thezafere, snly
bie 46F BaY be used Yoy sach slmulstien.

Bt =8 s b ie) and bik.x = L) «hylu {97
HTE ~9) » Qi) and @Iy = L) v G000 {283
hit,= = 0) = hois) and Qiu.x = L) » e 29y
BiEs = 0} » Q{%) and BiE,% = L) = hyit) {30}
Bz, = 0} = b {e} snd fi{@,b} = Eyald £31}
QE,® = §) = 0,060 and £,(0.B) » £,06) 1323

whare £y and £, are vabing sugves rvelating b and Q Loy the downstienn
4 boundayy sondiviens. It iz pevmissible to propevly cubstizute A asd U
far Q in these saxpressions.

33. It showld be poted that the wpetreak beundsyy eendlelon for ¢ wxib-
upsry cin be peleeved by rpecifying either the slevation ar the flow. &r the
downstreas tributary boundsry, %.e. the confluence with the main stem. only
the elevation iz sllewed sz 2 "boundary® zoodlition to emsurs thet contimmity
iz pregerved at the juhotist,

Boursdery condizioes
3. The hwendery conditions for species Transperl are

mit,e = 0) =a (%)
£33)
al{t.z » L} = o L)

Yowewer, the zondition ot} iz presestly wobt specified ae input deva fov
riverine simulatiens. This must be inchladed gz ivput if the model iz modified
for inflow 2t the downstream end, such as Securs with sstearipe bowndery
vendicions,

1%
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33 Ths follewing emuvisns govers vthe wnsteady, 1-0 {lengfvudinall
bpdrodynanice and trenspert:

EH] 2
DL U S A (35)
EE'W"’}%“%@%W&&{% B ?ﬁg al,

Bguations 54 spd 33 see comsonly rvefewred fe sz sthe §t. Vensnt sguations.

5 f !
3{ﬂ&§ . Bioar _ 2 g;;& E.'&] T oyg o+ B
ar % ex i Bx]

{36)

Egustion 38 is oftsn referred to s8 che "advection-dlopersisn aguesian with
poubee/sink texms.® The Initial conditions aze Bqustions 2% {ox 233, 24 {ov
8%, apd 3¢ Eor the contiomity, momeutan, sod pass specier squations, respes-
tively. Poundary conditions are one sef zelected from Egustions 37 threugh 3%
for the somentue and sontlouity squezioos sad Equation 33 Sy the ssse species

sguetion,



