








Figure 3.6

Gee Creek Subbasins
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Table 3.7 Mill Creek Subbasin Areas

Subbasin | Area (ac) | Area (mi2) Stream Reach
MIL1A 188.7 0.29 19
MIL1B 84.2 0.13 20
MIL2A 309.0 0.48 23
MIL2B 40.1 0.06 24
MIL2C 410.0 0.64 26
MIL2Cu 55.0 0.09 25
MIL2D 304.0 0.47 27
MIL2E 232.4 0.36 28
MIL3A 368.1 0.58 21
MIL3B 358.2 0.56 22
MIL3C 193.1 0.30 16
MIL3D 156.6 0.24 17
MIL3E 503.2 0.79 18
MILBA 717.2 1.12 15
MIL6B 482.0 0.75 14
MIL7A 201.2 0.31 1
MIL7B 351.0 0.55 2
MIL7C 150.1 0.23 3
MIL7D 1035.9 1.62 4
MIL7E 3744 0.59 6
MIL7F 218.2 0.34 5
MIL7G 274.8 0.43 7
MIL7H 189.9 0.30 8
MIL7I 98.0 0.15 9
MIL7J 123.6 0.19 11
MIL7K 107.5 0.17 12
MIL7L 54.7 0.09 13

Total 7581.1 11.85

The Gee Creek subbasin delineation and resulting stream channel segmentation (Figure 3.6,
provided by Otak) were developed by Otak based on discussions with Clear Creek Solutions.
As described above, Clark County and Otak provided the GIS coverage for those subbasins
(Table 3.2). The delineation resulted in seven subbasins ranging in size from 40 to 1036 acres,
as listed in Table 3.8. The total land area input to the model is 7423 acres, or approximately
11.6 square miles.

Table 3.8 Gee Creek Subbasin Areas

Subbasin | Area (ac) | Area (mi2) | Stream Reach
GEE1 1347.0 2.10 1
GEE2 1405.9 2.20 2
GEE3 1265.0 1.98 3
GEE4 291.8 0.46 4
GEE5 14451 2.26 5
GEE®6 793.1 1.24 6
GEE7 874.8 1.37 7
Total 7422.8 11.60
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3.3 LAND CATEGORIES/SEGMENTS FOR MODELING

All land area in an HSPF model is categorized as either pervious (PERLND) or impervious
(IMPLND). The model allows for further subdivisions of these major land categories based on
land use, soils, slopes, climate, etc. to represent the range of the hydrologic (and, when
appropriate, water quality) response of different landscape conditions within the watershed.
3.3.1 PERLND Types

PERLND types are selected so that a given set of parameters represents the presumably
homogeneous hydrologic response from that land type. For this application, the process
involved grouping land area by soil type, land use/cover, and slope. The PERLND categories
were developed based on the following scheme:

e soils: Group 1, 2, 3,4,and 5
» land use/cover: forest, field, urban lawn
* land slope: flat (0-5%), moderate (5-15%), steep (>15%)

The soils, land use/cover, and land slope GIS coverages were overlain using ArcGIS and
PERLND categories were assigned as unique combinations of these three coverages. The
maximum possible number of PERLND’s was 45 (Table 3.9), but less may occur if certain soil
types, land uses, or slopes are not represented in their respective GIS coverages. Twenty-five
(25) unique soil-land use-slope combinations occurred in the Mill Creek watershed. Twenty-four
(24) were found in the Gee Creek watershed.

Table 3.9 Possible PERLND Categories

Soil Group 1

Soil Group 2

Soil Group 3

Soil Group 4

Soil Group 5

1,Forest,Flat

2,Forest,Flat

3,Forest,Flat

4 Forest,Flat

5,Forest,Flat

1,Forest,Moderate

2,Forest,Moderate

3,Forest,Moderate

4 Forest,Moderate

5,Forest,Moderate

1,Forest,Steep

2,Forest,Steep

3,Forest,Steep

4,Forest,Steep

5,Forest,Steep

1,Field,Flat 2 Field,Flat 3,Field,Flat 4 Field,Flat 5,Field,Flat
1,Field,Moderate 2,Field,Moderate 3,Field,Moderate 4 ,Field,Moderate 5,Field,Moderate
1,Field,Steep 2,Field,Steep 3,Field,Steep 4 Field,Steep 5,Field,Steep
1,Lawn,Flat 2,Lawn,Flat 3,Lawn,Flat 4, Lawn,Flat 5,Lawn,Flat

1,Lawn,Moderate

2,Lawn,Moderate

3,Lawn,Moderate

4 Lawn,Moderate

5,Lawn,Moderate

1,Lawn,Steep

2,Lawn,Steep

3,Lawn,Steep

4,Lawn,Steep

5,Lawn,Steep

3.3.2

IMPLND Types

IMPLND areas are equated to effective impervious area (EIA) for modeling purposes. A
distinction is made between total impervious area and effective impervious area. Total
impervious area consists of all surfaces that do not infiltrate runoff, including all roofs, paved

streets, sidewalks, driveways, and parking lots. Effective impervious area (EIA) is defined as
area that is hydraulically connected to receiving stream channels; i.e., area where there is no
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opportunity for surface runoff from an impervious site to infiltrate into the soil before it reaches a
conveyance system (pipe, ditch, stream, etc.). There are three IMPLND types in the Mill Creek
and Gee Creek HSPF models. The IMPLND types vary by the three land slope categories, the
same as for the PERLND types.

Because it is extremely expensive and time consuming to look at every impervious surface in a
watershed to determine whether or not it is hydraulically connected to a stream, average EIA
values are commonly used. The EIA percentage was based on an average for the land uses
because the GIS data did not provide sufficient land category detail to identify unique land use
EIA values for each. In both the Mill Creek and Gee Creek watershed an average EIA value of
25% for structures (houses, buildings, etc.) and 75% for pavement areas (roads, sidewalks,
driveways, parking lots, etc.). These are typical EIA values for suburban and rural areas.

3.4 FINAL PERLND AND IMPLND AREAS BY SUBBASIN

Determining the PERLND/IMPLND areas within each subbasin via the methodology above was
performed within the framework of a GIS system (ArcView). Table 3.10 summarizes the
PERLND/IMPLND areas by subbasin in the Mill Creek watershed. A logical numbering system
was developed for the PERLND combinations of soil type, land use, and slope, for use in the
model. This PERLND Land Segment (PLS) numbering system is included in Table 3.10 and is
keyed to the HSPF parameter values presented in Appendix A.
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Table 3.10 PERLND Areas (acres) by Subbasin in the Mill Creek Watershed

Soil Group 1 2 2 2 2 2 2 3 3 3 3 3 3

Land Cover Field Forest Forest Forest Field Field Field Forest Forest Forest Field Field Field

Land Slope Flat Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep
Subbasin PLS # 4 10 1" 12 13 14 15 19 20 21 22 23 24
MIL1A 0.00 0.64 0.73 1.43 38.02 5.48 0.38 0.26 0.99 2.25 5.81 2.22 0.19
MIL1B 0.00 4.59 3.09 4.63 19.01 4.89 0.46 0.00 0.20 0.29 3.44 3.03 0.19
MIL2A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL2B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL2C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 3.21 2.70 0.00 7.94 10.06 0.03
MIL2Cu 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL2D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 14.99 8.41 0.03 28.95 30.22 0.02
MIL2E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2.49 6.35 1.81 6.07 20.43 0.49
MIL3A 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL3B 0.00 0.19 0.25 0.00 0.69 0.54 0.00 0.58 3.57 1.30 7.39 17.46 0.34
MIL3C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.57 14.04 3.32 42.37 17.30 0.42
MIL3D 0.00 0.51 0.10 0.00 3.25 0.20 0.00 14.65 6.22 2.74 61.44 15.85 0.52
MIL3E 0.00 20.38 8.16 7.63 101.59 22.03 0.67 25.35 14.03 7.74 62.36 14.53 1.40
MIL6A 0.00 0.02 0.00 0.00 0.58 0.00 0.00 53.07 6.97 0.00 221.59 6.98 0.00
MIL6B 0.00 3.97 0.08 0.00 27.34 1.97 0.00 31.03 34.34 1.26 91.67 85.68 1.43
MIL7A 0.00 0.19 0.00 0.00 3.20 0.00 0.00 8.18 0.35 0.00 55.28 0.46 0.00
MIL7B 0.00 0.00 0.00 0.00 0.00 0.00 0.00 13.98 0.08 0.00 110.66 1.59 0.00
MIL7C 0.00 0.00 0.00 0.00 0.00 0.00 0.00 22.55 0.02 0.00 44.25 0.15 0.00
MIL7D 0.00 0.00 0.00 0.00 0.00 0.00 0.00 114.76 6.82 0.00 364.67 59.93 0.00
MIL7E 0.00 0.00 0.00 0.00 0.00 0.00 0.00 59.93 0.66 0.00 159.73 0.86 0.00
MIL7F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 39.67 14.31 0.05 59.60 32.76 3.60
MIL7G 0.00 0.00 0.00 0.00 0.00 0.00 0.00 85.78 15.69 0.60 81.65 3.83 0.13
MIL7H 0.00 0.00 0.00 0.00 0.00 0.00 0.00 39.57 22.76 1.46 54.33 22.29 1.06
MIL7I 0.03 1.74 0.00 0.00 2.25 0.00 0.00 4.35 0.89 0.00 8.68 1.33 0.00
MIL7J 0.00 0.06 0.00 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7K 0.00 0.12 0.04 0.00 4.10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7L 0.00 13.31 0.00 0.00 5.30 0.00 0.00 1.40 0.00 0.00 4.69 0.00 0.00
Total 0.03 45.71 12.47 13.68 205.34 35.10 1.52 555.37 159.38 22.85 | 1482.58 346.94 9.82
Percent 0.00% 0.64% 0.18% 0.19% 2.89% 0.49% 0.02% 7.82% 2.24% 0.32% | 20.87% 4.88% 0.14%
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Table 3.10 cont’d. PERLND Areas (acres) by Subbasin in the Mill Creek Watershed

Soil Group 4 4 4 4 4 4 5 5 5 5 5 5
Land Cover Forest Forest Forest Field Field Field Forest Forest Forest Field Field Field
Land Slope Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep
Subbasin PLS # 28 29 30 31 32 33 37 38 39 40 1 42
MIL1A 3.97 10.77 21.34 8.33 49.47 6.89 1.99 3.26 5.12 10.35 2.49 0.07
MIL1B 1.12 2.81 5.41 3.65 8.21 0.60 0.69 0.99 1.18 10.52 3.23 0.58
MIL2A 68.42 3.38 0.00 161.84 5.93 0.00 15.40 0.12 0.00 39.56 0.18 0.00
MIL2B 2.61 2.63 0.00 15.60 10.14 0.00 0.18 0.00 0.00 7.06 0.04 0.00
MIL2C 63.89 69.44 7.41 83.14 102.56 2.08 4.47 1.73 0.42 28.33 5.74 0.12
MIL2Cu 4.64 1.39 0.00 29.86 10.45 0.00 0.52 0.00 0.00 6.72 0.10 0.00
MIL2D 46.67 42.22 6.11 51.10 40.33 0.49 9.83 2.14 0.00 8.13 1.04 0.00
MIL2E 8.07 36.64 22.29 11.71 52.29 2.34 3.32 3.48 2.03 16.46 8.14 0.40
MIL3A 82.94 13.79 0.00 215.29 41.58 0.00 0.90 0.00 0.00 8.50 0.22 0.00
MIL3B 45.41 35.17 8.21 141.69 79.32 1.36 0.11 0.67 0.23 5.98 0.16 0.00
MIL3C 3.36 3.62 0.66 41.94 33.84 0.00 0.15 0.00 0.00 10.09 0.01 0.00
MIL3D 1.01 0.56 0.00 29.24 7.15 0.00 0.36 0.03 0.00 6.73 0.55 0.00
MIL3E 26.54 22.70 19.02 64.52 38.50 1.32 2.80 1.39 0.89 17.03 4.52 0.04
MIL6A 64.58 7.37 0.00 328.66 2.63 0.00 0.01 0.13 0.00 0.04 0.00 0.00
MIL6B 18.18 0.40 0.00 156.28 4.12 0.00 0.19 0.00 0.00 9.98 0.65 0.00
MIL7A 7.76 0.17 0.00 67.29 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7B 27.98 0.26 0.00 106.87 1.94 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7C 12.79 0.46 0.00 33.87 0.12 0.00 2.61 0.00 0.00 0.00 0.00 0.00
MIL7D 94.00 0.89 0.00 321.77 1.88 0.00 1.59 0.00 0.00 0.20 0.00 0.00
MIL7E 40.79 0.12 0.00 89.22 0.37 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7F 10.13 0.41 0.00 46.89 1.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7G 29.64 1.09 0.00 36.31 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7H 1217 0.45 0.00 29.31 0.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MIL7I 27.86 217 0.00 25.42 1.26 0.00 0.52 0.00 0.00 11.59 0.18 0.00
MIL7J 10.21 6.23 0.73 48.21 13.18 0.04 0.22 1.94 0.14 41.07 0.96 0.00
MIL7K 22.57 18.34 8.29 34.76 10.66 1.38 0.28 0.79 0.00 4.22 0.24 0.00
MIL7L 6.72 0.81 0.00 20.94 0.78 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Total 744.03 284.30 99.49 | 2203.68 519.23 16.50 46.15 16.67 10.01 242.56 28.48 1.21
Percent 10.47% 4.00% 1.40% | 31.02% 7.31% 0.23% 0.65% 0.23% 0.14% 3.41% 0.40% 0.02%
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Table 3.11

PERLND Areas (acres) by Subbasin in the Gee Creek Watershed

Soil Group 2 2 2 2 2 2 3 3 3 3 3 3
Land Cover | Forest Forest Forest Field Field Field Forest Forest Forest Field Field Field
Land Slope Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep
Subbasin PLS # 10 11 12 13 14 15 19 20 21 22 23 24
GEE1 8.83 6.74 3.47 16.49 4.79 0.61 2.53 8.71 18.69 6.39 13.00 4.59
GEE2 15.71 6.11 3.45 17.41 4.84 0.64 6.68 9.73 3.13 48.66 73.96 2.44
GEE3 0.04 1.98 0.08 0.37 47.41 0.00 0.15 0.83 0.14 1.70 8.18 0.33
GEE4 0.51 0.34 0.24 0.02 0.01 0.03 0.00 0.56 0.00 0.06 1.79 0.00
GEES5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
GEE6 0.00 0.00 0.00 0.00 0.00 0.00 0.98 34.33 9.35 2.39 59.79 4.16
GEE7 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.89 0.35 0.00 2.60 0.49
Total 25.09 15.16 7.25 34.29 57.05 1.28 10.35 55.06 31.67 59.20 159.32 12.02
Percent 0.35% 0.21% 0.10% 0.48% 0.80% 0.02% 0.14% 0.77% 0.44% 0.83% 2.22% 0.17%
Table 3.11 cont’d. PERLND Areas (acres) by Subbasin in the Gee Creek Watershed
Soil Group 4 4 4 4 4 4 5 5 5 5 5 5
Land Cover Forest Forest Forest Field Field Field Forest Forest Forest Field Field Field
Land Slope Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep Flat Moderate | Steep
Subbasin PLS # 28 29 30 31 32 33 37 38 39 40 LY 42
GEE1 60.90 178.73 275.11 167.18 363.81 109.69 12.44 8.41 3.01 22.68 10.86 0.79
GEE2 53.30 156.19 144.43 | 256.40 408.20 81.69 6.02 5.37 0.21 40.12 35.22 0.10
GEE3 21.64 202.66 84.03 44.48 601.74 13.29 1.63 32.28 0.37 1.58 159.55 0.03
GEE4 8.24 28.16 29.76 56.34 90.38 5.97 6.04 3.97 2.33 35.85 11.82 0.31
GEES 21.88 267.43 48.01 30.23 851.50 19.15 0.04 44.38 0.00 0.71 126.87 0.00
GEE6 23.64 159.95 35.58 62.94 265.35 29.95 0.60 16.01 0.24 6.96 46.06 0.21
GEE7 2.21 187.91 1.16 6.11 464.81 1.70 0.42 38.16 0.07 217 101.24 0.11
Total 191.80 1181.02 618.08 | 623.67 3045.78 261.43 27.19 148.59 6.22 110.07 491.62 1.54
Percent 2.67% 16.46% 8.61% 8.69% 42.45% 3.64% 0.38% 2.07% 0.09% 1.53% 6.85% 0.02%
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NOTE: The HSPF parameter values for the Pervious Land Segment (PLS) numbers listed
above are shown in Appendix A.

3.5 RCHRES SEGMENTS

When a watershed is divided into subbasins, the hydrographic divisions follow the same
geographic boundaries as the land area. HSPF calculates the hydraulic response of each
hydrographic segment (RCHRES) in the same manner, whether the segment is a stream reach
or a reservoir. There are many critical specifications that need to be made for each RCHRES,
including length, elevation change, and the depth-surface area-storage volume-discharge
relationships. These relationships are called FTABLEs, for function tables, in HSPF. Length
and elevation change were obtained from the GIS streams and DEM coverages. The other
relationships are based on cross-sectional data.

The modeling scheme for a watershed includes every subbasin draining to a RCHRES. In the
Mill Creek watershed there are a total of 27 RCHRESS, nine representing tributaries to the main
stem of Mill and five representing the gaged tributary draining subbasins MIL2A through MIL2E
on the western side of the watershed. All of the stream reaches were based on FTABLEs
provided in previous HSPF modeling work of Mill Creek by WEST Consultants and provided to
Clear Creek Solutions by Otak.

In the Gee Creek watershed there are a total of seven RCHRESS, two representing tributaries
to the main stem of Gee. The five mainstem stream reaches were based on FTABLEs from
previous HEC-RAS modeling work of Gee Creek by WEST Consultants and provided to Clear
Creek Solutions by Otak.

3.6 FTABLE DEVELOPMENT

Within the channel module (RCHRES) of HSPF, each stream reach is represented by an
FTABLE. An FTABLE will typically contain numerous depth-surface area-volume-discharge
relationships to cover the range of flows expected to occur.

In order to develop an FTABLE, the geometric and hydraulic properties of the channel must first
be defined using measured data or estimated values. Fortunately, as mentioned above, this
information had been previously collected to construct an HSPF model of the Mill Creek
watershed and a HEC-RAS model of Gee Creek. The original cross-section data used for the
FTABLE construction were obtained from FEMA flood insurance studies of Mill Creek and Gee
Creek by WEST Consultants. The flood insurance study HEC-RAS models of Mill Creek and
Gee Creek provided depth (stage) and volume information for various user-selected discharges.

In developing the stream reach segmentation for the HSPF application, reach endpoints were
selected to correspond with the previous HSPF model’'s reach endpoints. Thus, the geometric
and hydraulic properties used in developing the previous model could be used directly in this
calibration effort.
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SECTION 4.0

CALIBRATION

4.1 CALIBRATION PROCEDURES AND COMPARISONS

Calibration of a watershed with HSPF is an iterative process of making parameter changes,
running the model and producing comparisons of simulated and observed values, and
interpreting the results. The procedures have been well established over the past 20 years as
described in the HSPF Application Guide (Donigian et al., 1984) and recently summarized by
Donigian (2002).

Hydrologic simulation combines physical characteristics of a watershed and observed
meteorologic data to produce a simulated hydrologic response. HSPF simulates flow to the
stream network from four components: surface runoff from hydraulically connected impervious
areas, surface runoff from pervious areas, interflow from pervious areas, and shallow
groundwater flow from pervious areas. Because historic streamflow is not divided into these
four units, the relative relationship among these components must be inferred from the
examination of many events over several years of continuous simulation.

Characteristics of a watershed that control the hydrologic response include topography,
vegetation and other ground cover, the amount of impervious surface area, soil composition and
structure, and the stream/reservoir network. The HSPF model simulates the hydrologic
response of a watershed by quantifying the hydrologic activity initiated by meteorological inputs
and controlled by a set of user-defined input parameters that describe the physical
characteristics of the watershed. The input parameters affect the water budget by influencing
the overall volume of water that flows to the stream and the distribution of pathways among that
flow.

Calibration of HSPF to represent the hydrology of the Mill Creek and Gee Creek watersheds is
an iterative trial-and-error process. Simulated results are compared with recorded data for the
entire calibration period, including both wet and dry conditions, to see how well the simulation
represents the hydrologic response observed under a range of climatic conditions.

By iteratively adjusting specific calibration parameter values, within accepted and physically
realistic ranges, the simulation results are changed until an acceptable comparison of simulation
and recorded data is achieved.

4.2 CALIBRATION SUMMARY

The observed and simulated streamflow was compared at two flow gaging sites in the Mill
Creek watershed and one gaging station in the Gee Creek watershed. The HSPF calibration
parameter values were adjusted to produce simulated flow hydrographs that mimicked the
observed streamflow’s response to rainfall. Each watershed was calibrated separately with
different parameter values and then a final calibration was made with a composite, average set
of parameter values representing both watersheds. It is this average set of HSPF parameter
values that will be used in WWHMS3.

There are a number of statistical comparisons that can be made between the simulated and
observed streamflow time series. These statistical comparisons are more useful for calibrations
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that include a relatively long (5+ year) calibration period and that have a substantial base flow in
addition to individual peak flow events. The Mill Creek calibration does not fit this criterion. The
calibration periods (described below) are relatively short with some gaps (missing periods) in
the record. As a result, the accuracy of the calibrations is judged on the ability to match
individual hydrographs and to produce a good match of the observed flow duration curve. Gee
Creek has a longer and more complete streamflow record, but other problems were observed
with the streamflow data that effectively reduced the calibration period to the last three years
(2005-2007) and, as with Mill Creek, the focus of the calibration was to match individual
hydrographs and to produce a good match of the observed flow duration curve.

The primary focus of the calibrations was on the peak flows, as the stormwater modeling in
WWHM is based on the surface runoff and interflow components of the hydrologic response
(these two runoff components produce the peak flows).

The Mill Creek calibration results are shown below for the Mill Creek tributary at NE 199" Street
and Mill Creek near the mouth. The entire calibration period was from May 2003 through
September 2007; observed flow data for the NE 199" Street gage was limited to January 2005
through January 2006. The period with the most flow events at the NE 199" Street gage was
January through May 2005. Based on a visual comparison of flow peaks and volumes the
simulation of this period is good.

The Mill calibration near the mouth includes the entire calibration period of May 2003 through
September 2007. The hydrographs show the entire period plus the specific flow events for the
months of June through December 2003, December 2003, January through March 2004,
December 2004 through March 2005, April through August 2005, October through December
2005, January through March 2006, October through December 2006, and January through
March 2007. A few events were oversimulated (simulated greater than observed) and some
were undersimulated. A better match of simulated flow with observed data could have been
made if the sole purpose of the calibration was to produce HSPF parameter values for only Mill
Creek and not for all of Clark County. However, that said, there was still a good match of the
simulated flow peaks with the observed peaks for most events.

4.3 CALIBRATION RESULTS FOR MILL CREEK WATERSHED

This section presents and discusses the comparison of model results with the observed data,
performed for the calibration period for Mill Creek at the upstream NE 199" Street gage and the
downstream gage near the mouth of Mill Creek.

4.3.1 Flow Duration Comparisons
The flow duration curve is a primary component of the weight-of-evidence assessment for
model performance because it reflects the overall hydrologic regime of the contributing

watershed. Figures 4.1 and 4.2 illustrate the percent chance of flow exceedance across the
range of observed flows for NE 199" Street and the gage near the mouth, respectively.
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The calibration period shows a good agreement between the flow duration curves through the
full range of observed flows above 1 cfs. For the upper Mill Creek gage at NE 199" Street there
is a slight oversimulation of flows greater than 10 cfs and an undersimulation of low flows below
1 cfs.

At the lower gage near the mouth of Mill Creek there is a good agreement between the recorded
and simulated flow duration curves for all flows. The simulated results show less base flow than
recorded below 0.5 cfs. This is not important for the purposes of this calibration, which is more
focused on high flows produced by stormwater runoff than low flows produced by groundwater
discharge. Also, it should be noted that observed/recorded flows less than 0.5 cfs are often
suspect due to the difficulties of measuring such low flows.

4.3.2 Storm Event Comparisons

The most important step in model calibration is to examine representation of individual storm
hydrographs. During calibration, adjustments to surface runoff, interflow, and recession
parameters may be performed to improve overall agreement after examining a number of
individual event simulations. Individual storm simulations will show larger deviations from
observed values than for daily and monthly totals, often due to dynamic variations in rainfall
spatial distributions not accurately represented by the gage network. Also, we will often see
timing differences due to clock errors, either in the rainfall or flow gage instrumentation.
Consequently it is necessary to examine a number of flow events to assess the simulation
accuracy; this is performed by reviewing the mean daily flow results, storm volumes and peaks,
and individual hydrographs often at hourly time intervals.

Figures 4.3 and 4.4 show how the model produces Mill tributary flow simulations for the entire
2005 calibration period at the NE 199" Street gage. While there are some obvious events where
the simulated flow events do not match the observed (most obviously March and May 2005
peaks), in general the simulated values only show minor deviations from the observed values.
The resulting flow patterns are clearly similar.
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Figure 4.3  Mill Trib at NE 199" Street (January — May 2005)
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A comparison of the Mill Creek flows at the downstream gage (near the mouth) shows, in
general, very good match between the simulated and observed data.

The entire calibration period is shown in Figure 4.5. This figure shows that almost all of the
hydrologic events of any significance occur between November and March. Calibration periods
where there is a very good or better match between the simulated and observed flow data
include December 2004 through March 2005 (Figure 4.10), October through December 2005
(Figure 4.12), January through March 2006 (Figure 4.13), and January through March 2007
(Figure 4.15). The simulated peak flows are low compared to the observed data for the January
through March 2004 events (Figure 4.9) and are high for the April through August 2005 (Figure
4.11) events. There is a mixture of low and high simulated peak flows for the period of October
through December 2006 (Figure 4.14) events. The fact that there are both low and high
simulation periods demonstrates that there is no specific bias in the modeling results.
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Figure 4.5 Mill Creek near mouth (May 2003 — Sep 2007)
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Figure 4.8 Mill Creek near mouth (January — December 2004)
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Figure 4.12 Mill Creek near mouth (October — December 2005)
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Figure 4.13 Mill Creek near mouth (January — March 2006)
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Figure 4.14 Mill Creek near mouth (October — December 2006)
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4.4 CALIBRATION RESULTS FOR GEE CREEK WATERSHED

This section presents and discusses the comparison of model results with the observed data,
performed for the calibration period for Gee Creek at gage near the mouth of the creek.

4.4.1 Flow Duration Comparisons

The flow duration curve is a primary component of the weight-of-evidence assessment for
model performance because it reflects the overall hydrologic regime of the contributing
watershed. Figure 4.16 illustrates the percent chance of flow exceedance across the range of
observed flows for the gage near the mouth.
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Figure 416 Gee Creek near Mouth Calibration Flow Duration Curves

The calibration period shows a good agreement between the flow duration curves through the
full range of observed flows above 1 cfs. There is a slight undersimulation of flows greater than
10 cfs and an undersimulation of low flows below 1 cfs. The simulated results show less base
flow than recorded below 1 cfs. This is not important for the purposes of this calibration, which
is more focused on high flows produced by stormwater runoff than low flows produced by
groundwater discharge. Also, it should be noted that observed/recorded flows less than 1 cfs
are often suspect due to the difficulties of measuring such low flows.
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4.4.2 Storm Event Comparisons

The most important step in model calibration is to examine representation of individual storm
hydrographs. During calibration, adjustments to surface runoff, interflow, and recession
parameters may be performed to improve overall agreement after examining a number of
individual event simulations. Individual storm simulations will show larger deviations from
observed values than for daily and monthly totals, often due to dynamic variations in rainfall
spatial distributions not accurately represented by the gage network. Also, we will often see
timing differences due to clock errors, either in the rainfall or flow gage instrumentation.
Consequently it is necessary to examine a number of flow events to assess the simulation
accuracy; this is performed by reviewing the mean daily flow results, storm volumes and peaks,
and individual hydrographs often at hourly time intervals.

A comparison of the Gee Creek flows at the gaging site (near the mouth) shows, in general,
very good match between the simulated and observed data.

The entire calibration period is shown in Figure 4.17. This figure shows that almost all of the
hydrologic events of any significance occur between November and March. Calibration periods
where there is a very good or better match between the simulated and observed flow data
include October through December 2004 (Figure 4.18), October through December 2005
(Figure 4.20), January through March 2006 (Figure 4.21), October through December 2006
(Figure 4.22), January through March 2007 (Figure 4.23), and April through September 2007
(Figure 4.24). The simulated peak flows are low compared to the observed data for the January
through March 2004 events (Figure 4.17) and are high for the March 2005 (Figure 4.19) event.
The fact that there are both low and high simulation periods demonstrates that there is no
specific bias in the modeling results.
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Figure 4.17 Gee Creek (May 2003 — September 2007)
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Figure 4.18 Gee Creek (October — December 2004)
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Figure 4.19 Gee Creek (January — March 2005)



a0

I T T I T T I T T
—— RECORDED
—— SIMTTLATED
640 | -
fo 430 - -
o
=
£
E a0 —
160 |
o Amea
0 10 20 31 10 20 0 10 20 31
aCTOBER HOVEMEER DECEMEER
2005

GEE CREEE, CLARE COTHTY, Wi

FIMAL WNWHLE PARSWMETEER WALTES - RAE 2009

Figure 4.20 Gee Creek (October — December 2005)
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4.5 CALIBRATION RESULTS SUMMARY

The observed and simulated streamflow was compared at two flow gaging sites in the Mill
Creek watershed and one gaging station in the Gee Creek watershed. The HSPF calibration
parameter values were adjusted to produce simulated flow hydrographs that mimicked the
observed streamflow’s response to rainfall. Each watershed was calibrated separately with
different parameter values and then a final calibration was made with a composite, average set
of parameter values representing both watersheds. It is this average set of HSPF parameter
values that will be used in WWHM3.

The calibration periods are relatively short and the number of individual peak flow events is
relatively small due to limited observed flow data. As a result, we judged the accuracy of the
calibrations on the ability to match individual hydrographs and to produce a good match of the
observed flow duration curve.

The primary focus of the calibrations was on the peak flows, as the stormwater modeling in
WWHM is based on the surface runoff and interflow components of the hydrologic response
(these two runoff components produce the peak flows). The Mill calibration results show a good
match for the Mill tributary upstream at the NE 199" Street gage and a very good match at the
downstream gage near the mouth of Mill Creek. The Gee calibration results show a very good
match at the gaging site near the mouth of Gee Creek.

4.6 CONCLUSIONS AND RECOMMENDATIONS

Table 4.1 provides a limited weight-of-evidence summary of the various model-data
comparisons performed for the simulation of the Mill Creek and Gee Creek watershed models,
as discussed above. The overall model performance, shown in the last column, reflects our
assessment of good-to-very good model performance for the calibration periods for both Mill
Creek and Gee Creek.

Based on the model results presented and discussed in Section 4, and summarized in Table
4.1, we conclude that the current HSPF applications to the Mill Creek watershed and Gee Creek
watershed provide a sound, calibrated set of HSPF parameter values for Clark County. No
validation of the calibration parameter values was attempted due to the lack of additional
observed streamflow data.

The resulting model parameters are appropriate for use in WWHM, and for an impact evaluation
of flow control alternatives. The calibration results, based on the weight-of-evidence approach
described herein, demonstrates a good representation of the observed data. This is the
outcome of a wide range of graphical comparisons and measures of the model performance for
flow duration and individual storm event simulations. These comparisons demonstrate
conclusively that the model is a good representation of the water balance and hydrology of the
watersheds.

However, because of the relatively short calibration periods available for both Mill Creek and
Gee Creek we recommend a follow-up validation of the HSPF calibration parameter values if
and when additional observed streamflow data become available. A minimum validation period
of record of three to five years with no or few data gaps will be needed at each gaging station to
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provide the appropriate number of new storm events to adequately judge the soundness of the
selected Clark County HSPF parameter values.

Table 4.1 Weight-of-Evidence for Model Performance

Calibration Component Mill Creek Gee Creek Overall Model Performance
Flow Duration Curves Very Good Very Good
Upstream Gage Good
Downstream Gage Very Good
Peak Flow Events Fair to Excellent Very Good
Upstream Gage Good
Downstream Gage Good to Excellent
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Appendix A

FINAL CLARK COUNTY HSPF PARAMETER VALUES
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Final HSPF Clark County HSPF Parameter Values

PLS # | PLS Name LZSN INFILT LSUR SLSUR KVARY | AGWRC
1 Soil Group 1, Forest, Flat Slopes (0-5%) 12.00 2.00 400 0.05 0.00 0.960
2 Soil Group 1, Forest, Moderate Slopes (5-15%) 12.00 2.00 400 0.10 0.00 0.960
3 Soil Group 1, Forest, Steep Slopes (>15%) 12.00 2.00 400 0.15 0.00 0.960
4 Soil Group 1, Field, Flat Slopes (0-5%) 12.00 1.50 400 0.05 0.00 0.960
5 Soil Group 1, Field, Moderate Slopes (5-15%) 12.00 1.50 400 0.10 0.00 0.960
6 Soil Group 1, Field, Steep Slopes (>15%) 12.00 1.50 400 0.15 0.00 0.960
7 Soil Group 1, Lawn, Flat Slopes (0-5%) 12.00 1.00 400 0.05 0.00 0.960
8 Soil Group 1, Lawn, Moderate Slopes (5-15%) 12.00 1.00 400 0.10 0.00 0.960
9 Soil Group 1, Lawn, Steep Slopes (>15%) 12.00 1.00 400 0.15 0.00 0.960
10 Soil Group 2, Forest, Flat Slopes (0-5%) 11.00 0.20 400 0.05 0.00 0.960
11 Soil Group 2, Forest, Moderate Slopes (5-15%) 11.00 0.20 400 0.10 0.00 0.960
12 Soil Group 2, Forest, Steep Slopes (>15%) 11.00 0.20 400 0.15 0.00 0.960
13 Soil Group 2, Field, Flat Slopes (0-5%) 11.00 0.15 400 0.05 0.00 0.960
14 Soil Group 2, Field, Moderate Slopes (5-15%) 11.00 0.15 400 0.10 0.00 0.960
15 Soil Group 2, Field, Steep Slopes (>15%) 11.00 0.15 400 0.15 0.00 0.960
16 Soil Group 2, Lawn, Flat Slopes (0-5%) 11.00 0.10 400 0.05 0.00 0.960
17 Soil Group 2, Lawn, Moderate Slopes (5-15%) 11.00 0.10 400 0.10 0.00 0.960
18 Soil Group 2, Lawn, Steep Slopes (>15%) 11.00 0.10 400 0.15 0.00 0.960
19 Soil Group 3, Forest, Flat Slopes (0-5%) 6.00 0.08 400 0.05 0.00 0.960
20 Soil Group 3, Forest, Moderate Slopes (5-15%) 6.00 0.08 400 0.10 0.00 0.960
21 Soil Group 3, Forest, Steep Slopes (>15%) 6.00 0.08 400 0.15 0.00 0.960
22 Soil Group 3, Field, Flat Slopes (0-5%) 6.00 0.06 400 0.05 0.00 0.960
23 Soil Group 3, Field, Moderate Slopes (5-15%) 6.00 0.06 400 0.10 0.00 0.960
24 Soil Group 3, Field, Steep Slopes (>15%) 6.00 0.06 400 0.15 0.00 0.960
25 Soil Group 3, Lawn, Flat Slopes (0-5%) 6.00 0.05 400 0.05 0.00 0.960
26 Soil Group 3, Lawn, Moderate Slopes (5-15%) 6.00 0.05 400 0.10 0.00 0.960
27 Soil Group 3, Lawn, Steep Slopes (>15%) 6.00 0.05 400 0.15 0.00 0.960
28 Soil Group 4, Forest, Flat Slopes (0-5%) 6.00 0.04 400 0.05 0.00 0.960
29 Soil Group 4, Forest, Moderate Slopes (5-15%) 6.00 0.04 400 0.10 0.00 0.960
30 Soil Group 4, Forest, Steep Slopes (>15%) 6.00 0.04 400 0.15 0.00 0.960
31 Soil Group 4, Field, Flat Slopes (0-5%) 6.00 0.03 400 0.05 0.00 0.960
32 Soil Group 4, Field, Moderate Slopes (5-15%) 6.00 0.03 400 0.10 0.00 0.960
33 Soil Group 4, Field, Steep Slopes (>15%) 6.00 0.03 400 0.15 0.00 0.960
34 Soil Group 4, Lawn, Flat Slopes (0-5%) 6.00 0.02 400 0.05 0.00 0.960
35 Soil Group 4, Lawn, Moderate Slopes (5-15%) 6.00 0.02 400 0.10 0.00 0.960
36 Soil Group 4, Lawn, Steep Slopes (>15%) 6.00 0.02 400 0.15 0.00 0.960
37 Soil Group 5, Forest, Flat Slopes (0-5%) 6.00 0.50 100 0.00 0.00 0.960
38 Soil Group 5, Forest, Moderate Slopes (5-15%) 6.00 0.50 100 0.01 0.00 0.960
39 Soil Group 5, Forest, Steep Slopes (>15%) 6.00 0.50 100 0.10 0.00 0.960
40 Soil Group 5, Field, Flat Slopes (0-5%) 6.00 0.40 100 0.00 0.00 0.960
41 Soil Group 5, Field, Moderate Slopes (5-15%) 6.00 0.40 100 0.01 0.00 0.960
42 Soil Group 5, Field, Steep Slopes (>15%) 6.00 0.40 100 0.10 0.00 0.960
43 Soil Group 5, Lawn, Flat Slopes (0-5%) 6.00 0.30 100 0.00 0.00 0.960
44 Soil Group 5, Lawn, Moderate Slopes (5-15%) 6.00 0.30 100 0.01 0.00 0.960
45 Soil Group 5, Lawn, Steep Slopes (>15%) 6.00 0.30 100 0.10 0.00 0.960
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PLS # | PLS Name INFEXP INFILD DEEPFR | BASETP | AGWETP
1 Soil Group 1, Forest, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
2 Soil Group 1, Forest, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
3 Soil Group 1, Forest, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
4 Soil Group 1, Field, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
5 Soil Group 1, Field, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
6 Soil Group 1, Field, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
7 Soil Group 1, Lawn, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
8 Soil Group 1, Lawn, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
9 Soil Group 1, Lawn, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
10 Soil Group 2, Forest, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
11 Soil Group 2, Forest, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
12 Soil Group 2, Forest, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
13 Soil Group 2, Field, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
14 Soil Group 2, Field, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
15 Soil Group 2, Field, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
16 Soil Group 2, Lawn, Flat Slopes (0-5%) 2.0 2.0 0.00 0.00 0.00
17 Soil Group 2, Lawn, Moderate Slopes (5-15%) 2.0 2.0 0.00 0.00 0.00
18 Soil Group 2, Lawn, Steep Slopes (>15%) 2.0 2.0 0.00 0.00 0.00
19 Soil Group 3, Forest, Flat Slopes (0-5%) 2.5 2.0 0.00 0.00 0.00
20 Soil Group 3, Forest, Moderate Slopes (5-15%) 2.5 2.0 0.00 0.00 0.00
21 Soil Group 3, Forest, Steep Slopes (>15%) 2.5 2.0 0.00 0.00 0.00
22 Soil Group 3, Field, Flat Slopes (0-5%) 25 2.0 0.00 0.00 0.00
23 Soil Group 3, Field, Moderate Slopes (5-15%) 2.5 2.0 0.00 0.00 0.00
24 Soil Group 3, Field, Steep Slopes (>15%) 2.5 2.0 0.00 0.00 0.00
25 Soil Group 3, Lawn, Flat Slopes (0-5%) 2.5 2.0 0.00 0.00 0.00
26 Soil Group 3, Lawn, Moderate Slopes (5-15%) 2.5 2.0 0.00 0.00 0.00
27 Soil Group 3, Lawn, Steep Slopes (>15%) 2.5 2.0 0.00 0.00 0.00
28 Soil Group 4, Forest, Flat Slopes (0-5%) 3.0 2.0 0.00 0.00 0.00
29 Soil Group 4, Forest, Moderate Slopes (5-15%) 3.0 2.0 0.00 0.00 0.00
30 Soil Group 4, Forest, Steep Slopes (>15%) 3.0 2.0 0.00 0.00 0.00
31 Soil Group 4, Field, Flat Slopes (0-5%) 3.0 2.0 0.00 0.00 0.00
32 Soil Group 4, Field, Moderate Slopes (5-15%) 3.0 2.0 0.00 0.00 0.00
33 Soil Group 4, Field, Steep Slopes (>15%) 3.0 2.0 0.00 0.00 0.00
34 Soil Group 4, Lawn, Flat Slopes (0-5%) 3.0 2.0 0.00 0.00 0.00
35 Soil Group 4, Lawn, Moderate Slopes (5-15%) 3.0 2.0 0.00 0.00 0.00
36 Soil Group 4, Lawn, Steep Slopes (>15%) 3.0 2.0 0.00 0.00 0.00
37 Soil Group 5, Forest, Flat Slopes (0-5%) 10.0 2.0 0.00 0.00 0.70
38 Soil Group 5, Forest, Moderate Slopes (5-15%) 10.0 2.0 0.00 0.00 0.70
39 Soil Group 5, Forest, Steep Slopes (>15%) 10.0 2.0 0.00 0.00 0.70
40 Soil Group 5, Field, Flat Slopes (0-5%) 10.0 2.0 0.00 0.00 0.50
41 Soil Group 5, Field, Moderate Slopes (5-15%) 10.0 2.0 0.00 0.00 0.50
42 Soil Group 5, Field, Steep Slopes (>15%) 10.0 2.0 0.00 0.00 0.50
43 Soil Group 5, Lawn, Flat Slopes (0-5%) 10.0 2.0 0.00 0.00 0.35
44 Soil Group 5, Lawn, Moderate Slopes (5-15%) 10.0 2.0 0.00 0.00 0.35
45 Soil Group 5, Lawn, Steep Slopes (>15%) 10.0 2.0 0.00 0.00 0.35
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PLS # | PLS Name CEPSC UZSN NSUR INTFW IRC LZETP
1 Soil Group 1, Forest, Flat Slopes (0-5%) 0.20 1.50 0.35 0.0 0.40 0.70
2 Soil Group 1, Forest, Moderate Slopes (5-15%) 0.20 1.50 0.35 0.0 0.40 0.70
3 Soil Group 1, Forest, Steep Slopes (>15%) 0.20 1.50 0.35 0.0 0.40 0.70
4 Soil Group 1, Field, Flat Slopes (0-5%) 0.15 1.50 0.30 0.0 0.40 0.40
5 Soil Group 1, Field, Moderate Slopes (5-15%) 0.15 1.50 0.30 0.0 0.40 0.40
6 Soil Group 1, Field, Steep Slopes (>15%) 0.15 1.50 0.30 0.0 0.40 0.40
7 Soil Group 1, Lawn, Flat Slopes (0-5%) 0.10 1.30 0.25 0.0 0.40 0.25
8 Soil Group 1, Lawn, Moderate Slopes (5-15%) 0.10 1.30 0.25 0.0 0.40 0.25
9 Soil Group 1, Lawn, Steep Slopes (>15%) 0.10 1.30 0.25 0.0 0.40 0.25
10 Soil Group 2, Forest, Flat Slopes (0-5%) 0.20 1.40 0.35 1.0 0.40 0.70
11 Soil Group 2, Forest, Moderate Slopes (5-15%) 0.20 1.40 0.35 1.0 0.40 0.70
12 Soil Group 2, Forest, Steep Slopes (>15%) 0.20 1.40 0.35 1.0 0.40 0.70
13 Soil Group 2, Field, Flat Slopes (0-5%) 0.15 1.40 0.30 1.0 0.40 0.40
14 Soil Group 2, Field, Moderate Slopes (5-15%) 0.15 1.40 0.30 1.0 0.40 0.40
15 Soil Group 2, Field, Steep Slopes (>15%) 0.15 1.40 0.30 1.0 0.40 0.40
16 Soil Group 2, Lawn, Flat Slopes (0-5%) 0.10 1.20 0.25 1.0 0.40 0.25
17 Soil Group 2, Lawn, Moderate Slopes (5-15%) 0.10 1.20 0.25 1.0 0.40 0.25
18 Soil Group 2, Lawn, Steep Slopes (>15%) 0.10 1.20 0.25 1.0 0.40 0.25
19 Soil Group 3, Forest, Flat Slopes (0-5%) 0.20 1.00 0.35 4.0 0.40 0.70
20 Soil Group 3, Forest, Moderate Slopes (5-15%) 0.20 1.00 0.35 4.0 0.40 0.70
21 Soil Group 3, Forest, Steep Slopes (>15%) 0.20 1.00 0.35 4.0 0.40 0.70
22 Soil Group 3, Field, Flat Slopes (0-5%) 0.15 1.00 0.30 4.0 0.40 0.40
23 Soil Group 3, Field, Moderate Slopes (5-15%) 0.15 1.00 0.30 4.0 0.40 0.40
24 Soil Group 3, Field, Steep Slopes (>15%) 0.15 1.00 0.30 4.0 0.40 0.40
25 Soil Group 3, Lawn, Flat Slopes (0-5%) 0.10 0.80 0.25 4.0 0.40 0.25
26 Soil Group 3, Lawn, Moderate Slopes (5-15%) 0.10 0.80 0.25 4.0 0.40 0.25
27 Soil Group 3, Lawn, Steep Slopes (>15%) 0.10 0.80 0.25 4.0 0.40 0.25
28 Soil Group 4, Forest, Flat Slopes (0-5%) 0.20 0.40 0.35 2.0 0.40 0.70
29 Soil Group 4, Forest, Moderate Slopes (5-15%) 0.20 0.40 0.35 2.0 0.40 0.70
30 Soil Group 4, Forest, Steep Slopes (>15%) 0.20 0.40 0.35 2.0 0.40 0.70
31 Soil Group 4, Field, Flat Slopes (0-5%) 0.15 0.40 0.30 2.0 0.40 0.40
32 Soil Group 4, Field, Moderate Slopes (5-15%) 0.15 0.40 0.30 2.0 0.40 0.40
33 Soil Group 4, Field, Steep Slopes (>15%) 0.15 0.40 0.30 2.0 0.40 0.40
34 Soil Group 4, Lawn, Flat Slopes (0-5%) 0.10 0.20 0.25 2.0 0.40 0.25
35 Soil Group 4, Lawn, Moderate Slopes (5-15%) 0.10 0.20 0.25 2.0 0.40 0.25
36 Soil Group 4, Lawn, Steep Slopes (>15%) 0.10 0.20 0.25 1.0 0.40 0.25
37 Soil Group 5, Forest, Flat Slopes (0-5%) 0.20 3.00 0.50 1.0 0.70 0.80
38 Soil Group 5, Forest, Moderate Slopes (5-15%) 0.20 3.00 0.50 1.0 0.70 0.80
39 Soil Group 5, Forest, Steep Slopes (>15%) 0.20 3.00 0.50 1.0 0.70 0.80
40 Soil Group 5, Field, Flat Slopes (0-5%) 0.15 3.00 0.50 1.0 0.70 0.60
41 Soil Group 5, Field, Moderate Slopes (5-15%) 0.15 3.00 0.50 1.0 0.70 0.60
42 Soil Group 5, Field, Steep Slopes (>15%) 0.15 3.00 0.50 1.0 0.70 0.60
43 Soil Group 5, Lawn, Flat Slopes (0-5%) 0.10 3.00 0.50 1.0 0.70 0.40
44 Soil Group 5, Lawn, Moderate Slopes (5-15%) 0.10 3.00 0.50 1.0 0.70 0.40
45 Soil Group 5, Lawn, Steep Slopes (>15%) 0.10 3.00 0.50 1.0 0.70 0.40
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