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CHAPTER 3 RUNOFF ANALYSIS AND FLOW
CHARACTERISTICS

31 METHODOLOGY

This chapter describes the analytical techniques and outlines the methodology used in this study to
determine the existing and future drainage system requirements. First, several basic assumptions are
presented. Next, analytical techniques used for hydrologic and hydraulic analyses are described. Finally,
this chapter briefly describes how drainage facilities will be evaluated.

3.1.1  Assumptions

The following basic assumptions for the hydrologic and hydraulic analyses were made:

1) Impervious areas for residential zones were assumed to be the maximum lot coverage allowed by the
City's Zoning Ordinance of 40%.

2) Impervious areas for commercial zones were assumed to be 90%.

3) Graveled parking areas in commercial zones were treated as such for existing conditions, and assumed
to be paved in the future.

4) Driveways and parking areas in residential zones were treated as gravel areas, both now and in the
future.

5) Design flows are based on the assumption that all surface runoff is conveyed to the basin outlet.
Observed existing flows will likely be less due to minor upstream ponding and constrictions.

6) Pipe capacities are based on the design flows given and likewise do not account for upstream ponding.
Where upstream storage is identifiable it has been accounted for in the calculations.

7) Calculated flows and pipe capacities are based on basin and sub-basin runoff only and do not account
for tidal waters. Tidal waters influence Patterson Creek and other discharge points as shown in the Figure
8 - Flood Insurance Rate Maps.

3.2 HYDROLOGIC ANALYSIS

In planning required improvements to conveyance systems, the engineer or planner must know the
frequency, or probability, of system failures. For this purpose, hydrologic events such as precipitation
and peak flows are presented in terms of their frequency of recurrence. The recurrence interval of a given
hydrologic event is equivalent to the probability of recurrence within a given year. For instance, the 2
year peak flow for a drainage basin is the flow rate expected to be equaled or exceeded once every 2 years
and has a 50% chance of being equaled or exceeded in any given year. The 25 year flow is expected to be
equaled or exceeded once every 25 years and has a 4% chance of occurring in any given year. For the
purposes of this study, a hydrologic model was developed to determine peak rates and volumes of runoff
at key design points for the 2, 5, 10, 25, 50 and 100 year recurrence intervals.

Peak rates of runoff used for drainage design depend on the volume of runoff and the rate at which it
occurs. The volume component of runoff depends upon the size of the drainage basin, the total velume of
precipitation that occurs and the volume of runoff that is "lost” due to infiltration and evapotranspiration.
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The rate of runoff depends upon the hydraulic conditions of the basin (travel length, slope and roughness)
and the varying intensity of rainfall throughout the design storm.

Several methods are available for calculating peak flows. The method most appropriate for a given study
depends upon basin size, basin characteristics, available input data, ease of implementation and the ability
to vary design parameters for changing conditions. The Rational Method is a formula often used for
design of local storm drain systems. This method accounts for such conditions as varying rainfall
intensity distributions during large storms, soil conditions and the hydraulic routing of rainfall from one
end of a basin to the basin outlet. Hydraulic methods which compute flows based on theoretical hydraulic
equations are very data intensive and often don't adequately account for imperfect drainage conditions
found in basins with a high degree of natural and overland drainage. Hydrograph methods use
empirically determined "unit" hydrographs to approximate basin specific flow vs. time relationships
based on direct input of anticipated rainfall intensity distributions, soil and ground cover parameters,
hydraulic routing parameters and impervious area information.

The Rational Method was determined to be appropriate for the majority of the analyzed basins in this
study. Hydraulic methods were found to be too complex and inflexible for efficient use in a general study
of this type. Consequently, hydrograph methods were used to verify calculated flows through the larger
basins of Patterson and Jacoby creek.

Since detailed studies of similar gauged watersheds are not available, the SCS Unit Hydrograph Method
was chosen as the most applicable means of calculating flows in the Bay City watershed. While other
methods are very sensitive to local conditions and often not applicable when limited data is available, the
SCS method is well adapted to areas where limited hydrologic data is available since it uses a single
parameter to represent the hydraulic conditions in the basin. The SCS Unit Hydrograph Method was
originally developed based on studies of large agricultural watersheds. However, because it is a broad
based method that is easy to apply to a wide variety of conditions it has now become accepted along with
the Rational Method for urban studies. In recent years, the SCS method has been used extensively in
urban storm drainage studies of this type with very reasonable results.

Applying unit hydrograph methods to a multi-basin study area can only be done efficiently with computer
methods. A variety of computer programs are available which model complex multi-basin watersheds
using the SCS Unit Hydrograph method. The USDA/NRCS Win TR-55 Small Watershed Hydrology
program provides a great deal of flexibility for hydrologic modeling, Using the Win TR-55 program, a
computer model designed to calculate representative existing and future flows was developed for the City
of Bay City's watershed. The input parameters required by the Win TR-55 program are described below:

e Storm Data: The design Rainfall Distribution Curves of precipitation vs. time to produce the
peak flow used for design purposes.

¢ Sub-Basin Area (A): A sub-basin is the watershed within which runoff can be assumed to flow
to a single discharge point. The sub-basin area entered in the model is the total area of sub-basin
that contributes to runoff.

e Soil Infiltration and Evapotranspiration Loss Parameter (CN): The SCS Curve Number
method was chosen to estimate evapotranspiration and infiltration losses. This method uses a
single "Curve Number" which has been empirically determined by the SCS for a variety of soil
types and ground cover conditions to estimate soil infiltration and evapotranspiration losses.
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* Time of Concentration (T.): The time of concentration of a basin is the time it takes water to
travel from the most remote part of the basin to the basin outlet.

Likewise, a variety of computer programs are also available for the Rational Method which model smaller
drainage areas to determine pipe, inlet and culvert sizing. Using Autodesk Civil Design program provides
a great deal of flexibility for hydrologic modeling. The Rational Method simplifies the process of
calculating runoff by interpolating rainfall intensities once the required data (runoff coefficient, frequency
factor, adjustment factor, area, and time of concentration) are input. Data required when using the
Rational Method formula includes the following:

¢ Runoff Coeflicient (C): Factor that represents the land use. Values typically range from 0.10 to
0.95. Where 0.10 would be a wooded area and 0.95 would be a paved parking area,

e Drainage Area (A): Area that is contributing to the point of concern measured in acres. The
Rational calculator respects the current hydrology units settings. For example, if the current area
units are set to Sq. Miles, then the program converts the area to acres to perform the calculations.

* Rainfall Intensity (I): Rainfall Intensity used for calculating the peak runoff. This value is based
on the time of concentration and the rainfall frequency being design for. When calculating flows
using this method manually, you would refer to an IDF (intensity duration frequency) curve to
determine the rainfall intensity, given the time of concentration and the design storm frequency.
Using Autodesk Civil Design, the IDF curve can be entered and values can be interpolated from it
automatically.

The specific assumptions, values and means of computation for each of the above sub-basins parameters
are discussed in Section 3.4, Basin Delineation and Model Parameters. Section 3.5, Rainfall Analysis
presents frequency information for expected rainfall and the development of the design rainfall IDF
Curves.

The result of the Win TR-55 modeling process is the computation of sub-basin runoff and stream flow
quantities. The free flowing peak flows at desired locations in the drainageways were estimated. These
flows are presented in Table 4 - Peak Basin Flow Rates & Table 5 - Peak Flows at Nodes.

33  HYDRAULIC ANALYSIS

Hydraulic analysis involves calculating the hydraulic capacity and resulting water surface profiles under
existing and ultimate land use conditions, based on the estimated peak flows generated from the
hydrologic analysis. Several computer and analytical methods were utilized to model the different
hydraulic elements.

The computer program StormCAD by Haestad Methods was used for analyzing major piped systems.
This program is most useful for long, complex systems in which a wide variety of hydraulic conditions
exist. The relatively short reaches and varying slopes of the main drainage ways in the Bay City area did
not allow for the complete modeling of the study area using StormCAD. As a supplement to StormCAD,
FlowMaster program by Haestad Methods was selected to analyze open channel flow, and pressure flows
at culvert crossings using Manning's Equation (for gravity flow in conduits) and the Hazen-Williams
Equation (for head loss per length of pipe under surcharged conditions). Storage routing computations for
detention areas were conducted using routing options in the StormCAD program discussed previously.
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3.3.1  Analysis Approach

The first step in analyzing the City of Bay City's existing drainage facilities and determining future
drainage needs was to sub-divide the City's watershed into more manageable drainage basins. The
watershed was divided into the "major drainage basins" based upon topographic drainage boundaries and
the location of the discharge points. Then each major drainage basin was sub-divided into sub-basins for
the purpose of determining flows using the Win TR-55 model. Sub-basin outlets were chosen to
correspond to key points where flow information was required and then delineated based on existing
drainage facilities, zoning and topographic information. The specific drainage basin delineations arrived
at are presented in Section 3.4, Basin Delineation and Model Parameters.

Once delineated, sub-basins were used as the basis of the flow calculations. Rainfall data was evaluated
and input into the model is described in Section 3.5, Rainfall Analysis. Hydrologic parameters were then
determined for each sub-basin and flows for each design frequency calculated (see Section 2.1.3
"Hydrology"). The calculated flows apply to the point where the entire sub-basin has contributed flow.

Existing drainage facilities were analyzed with respect to their frequency of failure under existing
conditions. Existing detention areas that are expected to remain were considered when determining the
capacity of the downstream conveyance. Site visits, topographic mapping and discussions with City staff
were used to estimate the impacts of flow. The impacts were then weighed with respect to the estimated
frequency of failure to evaluate the need for improvements.

In analyzing existing facilities field surveys and topographic maps were used to determine if areas of
inadequate surface drainage facilities exist. Erosion along roadways, poor drainage causing frequent
ponding and low areas subject to flooding were analyzed and considered potential problem areas that may
require service.

After determining existing problem areas, future drainage needs were evaluated. Zoning information and
1994 aerial photography were compared and used to determine where future development was likely to
occur. Based on previous flow calculations and estimations on how flow would channelize after
development, future problem areas were isolated and limited to the major culverts on Patterson Creek.

After the various locations of required improvements were identified, improvement alternatives for
alleviating the problem were developed. The following alternatives were considered:

(1) Ditch System -Ditch systems were considered to collect flow in residential areas with free draining
roadways (ie. no curb and gutter) at slopes above 2%. Piped systems in steeper areas without a curb and
gutter system or defined drainage path are not able to adequately collect the runoff in catch basins and
ponding, poor roadway drainage and erosion of roadway shoulders can still occur.

(2) Piped System -Replace undersized pipes, or construct a pipe system to serve unserved areas. Where
pipe systems would function well, they are preferable to ditches since maintenance is less costly. Piped
systems are preferable in flat areas where standing water would remain in ditches, and in areas where
conveyance of flow, and not collection is the main purpose of the conveyance. Conversely, piper systems
increase runoff and generally do not have any capability for reducing water quality pollutants.

Solutions implementing the above alternatives were determined by effectiveness in solving the problem,
practicality of implementation based on cost (i.e. a $200,000 improvement could likely never be built),
ability to subdivide the required system into reasonable projects which could be constructed during
different phasing periods, long term maintenance requirements, practicality of implementation in
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conjunction with road improvements and the overall benefits of the improvement. A list of all proposed
solutions was developed and then separate improvement projects were identified. An "Improvement”
constitutes those lengths of pipe or ditch systems which should be constructed during a single project.

3.4  BASIN DELINEATION AND MODEL PARAMETERS

The first step in analyzing the City of Bay City's existing drainage facilities and determining future
drainage needs was to sub-divide the City's watershed into more manageable drainage basins. The
watershed was divided into the "major drainage basins" based upon topographic drainage boundaries and
the location of the discharge points. Then each major drainage basin was sub-divided into sub-basins for
the purpose of determining flows using the Win TR-55 model. Sub-basin outlets were chosen to
correspond to key points where flow information was required and then delineated based on existing
drainage facilities, zoning and topographic information.

3.4.1  Basin Delineation

The Bay City watershed was first divided up into three major drainage areas, based on discharge location,
main drainage-ways, drainage boundaries, and geographic boundaries. See Figure 9, Figure 10, and
Figure 11 for Sub-Basin Maps for the major basin and sub-basin delineation used in the analysis. The
following major drainage basins were defined:

e Patterson Creek Drainage Basin (P) — This basin includes all lands draining into Patterson Creek
from the creek’s origin.

® Jacoby Creek (J) — This basin includes all lands draining into Jacoby Creek from the creek’s
origin,

o Unnamed Creek Drainage Basin (UC) — This basin is bordered by Baseline Road at the north,
Bewley Street at the East and Williams Street at the south and drains to the small Unnamed Creek
which flows under the Tillamook Country Smoker. Throughout this report, this creek is referred
to as “Unnamed Creek.” Application has recently been submitted to name this creek “Perkins
Creek.”

Each major drainage area was then sub-divided into sub-basins used to calculate the flows for the runoff
analysis. Sub-basins were delineated by land topography and drainage patterns. Once sub-basins were
defined, key “node” points where used to calculate flow information for velocity and pipe sizing.

Sub-basins were named based on one or two letter designation assigned to each main drainage basin,
Sub-basins within the major basins were given a second letter, N or S, designating the basins location was
either North or South of the drainage creek. Connected sub-basins (sub-areas of a single drainage reach)
were then numbered consecutively starting at the outlet and heading upstream, i.e. P-N-1 is directly
downstream of P-N-2.

Basins having their own discharge point and not connected to the three major drainage basins were given
the generic label SB for independent sub-basins. These basins were then numbered from north to south,

3.4.2  Sub-Basin Runoff Area

For existing conditions, it was assumed that the entire sub-basin contributes to runoff. Future sub- basin
areas have been adjusted to account for this zoning requirement. It was assumed that 30% of all future
residential lands will be impervious and routed to dry wells. Since future impervious areas will not
contribute to runoff, the future runoff area for sub-basins where dry wells can be implemented will be
smaller than the existing runoff area.
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3.4.3 Soil Loss Parameter

The effective impervious area method described above is used to determine the volume of runoff due to
the impervious portions of the basin. For the pervious areas within the basin, infiltration and
evapotranspiration significantly reduces runoff. The degree of these losses can be estimated using a soil
loss parameter developed by the Soil Conservation Service (SCS). This parameter, called the Runoff
Curve Number, depends on the soil type, ground cover and antecedent moisture of the area.

Determining a curve number requires first classifying the soils within each basin in terms of its
hydrologic behavior. The SCS rates soils as belonging to one of four hydrologic groups: A, B, C, D.
Soils in Hydrologic Group A have very high infiltration rates (low runoff), while Hydrologic Group D
soils have very low infiltration rates (high runoff).

Based on the hydrologic classification of the soil, a numerical Curve Number can be determined from
tables listing SCS Curve Numbers for various antecedent moisture and ground cover conditions. For the
Bay City area, it was assumed that antecedent moisture condition (AMC) III applies. The SCS defines
AMC III as the condition applying to areas where the total precipitation 5 days previous to the design
storm is in excess of 2,1." Data published in the Climatological Handbook for the Columbia Basin States,
Precipitation Volume 2, lists the antecedent rainfall 4 days previous to the largest recorded event
(approximately a 50 year event) as 4.1" While smaller events will have correspondingly smaller
antecedent moisture levels, AMC III appears applicable to the wet coastal conditions.

To account for ground cover, assumptions were made for developed areas based on zoning type. Curve
numbers for single family residential areas are representative of fairly well developed, but not dense,
lawns or sparse brush and trees. Curve numbers for multi-family areas represent a higher degree of runoff
assuming some graveled areas, possibly landscaped areas with dirt or bark dust and sparser lawns. Curve
numbers for commercial areas assume mostly gravel open areas and high runoff. Curve numbers for
undeveloped areas assume dense brush or forest with dense underbrush.

3.4.4  Time of Concentration

The time of concentration is the travel time from the most hydraulically remote point in the sub-basin to
the sub-basin outlet. As described in SCS Technical Release #535, the total travel time can be computed
by summing the time of travel required for each of the following components of runoff: overland flow,
shallow concentrated flow (overland flow in shallow swales), gutter flow, channel flow, and pipe flow.
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3.45 Overiand Flow

The following coefficients were used to estimate the overland flow parameters:

Table 1 - Rational Runoff Coefficients

ESCRIPTIO
Eowl GH!
Business - Downtown area
Residential - Sin le Famil areas
Residential - Multi units detached
Residential - Multi units, attached
Residential - Suburban 0.25 0.40
Residential - 1.2 acre lots or more
A artment - Dwellin areas
Industrial - Li ht areas
Industrial - Heav areas
Nei borhood areas
Parks, cemeteries
Pla ounds
Railroad ard areas
Unim roved areas

Sheet Flow - Sheet flow is water sheeting over a plane surface, such as an even amount of
water flowing over a parking lot. It is the first component of Tc and starts at the hydraulically
most distant watershed point. Sheet flow normally occurs at a depth of 0.1 fi, or less, and the
length of sheet flow rarely exceeds a few hundred feet. The maximum length of sheet flow in
most cases is 300 ft. For commercial areas, overland flow was assumed to occur for 200 feet
before being collected by a shallow swale, gutter or main channel.

To calculate sheet flow, you need the following information: a two-year rainfall amount;
length of flow; average slope along flow path; and ground roughness over which the water is
sheeting (measured in Manning's n factor).

Overland slope - Overland slopes were calculated based on the topographic mapping.

Shallow Swale Flow - Shallow flow is water flowing in natural drainage depressions and
swales, and usually begins after a maximum of 300 feet of sheet flow. The average velocity
of shallow concentrated flow is determined by watershed slope and channel material (paved
or unpaved). Typical areas where you have shallow flow are in swales between houses and
the gutter section of a roadway.

To calculate shallow flow, you need the following information: flow length; average slope;
and a determination of whether the surface is paved or unpaved. The time of travel for
shallow swale flow was calculated by using Manning's equation to calculate swale velocities
for a typical swale as a function of slope and vegetation,
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o Channel Flow - Velocities in defined channels and pipes receiving flow from a majority
of the basin were estimated using Manning's calculations based on the size, slope and
standard n-value for each channel or pipe. See Appendix A — Culvert Database for
general description and locations of existing culverts. n = 0.013 was used for concrete
culverts, n = 0.024 for corrugated metal pipes (CMP), n = 0.0375 for average defined
channels, and n = 0,08 for overgrown channels.

3.4.6  Summary of Parameters

The Rational Method input parameters for each sub-basin are presented in Table 3, Sub-Basin Parameter
Summary. See Appendix B for full runoff calculations.

3.5 RAINFALL ANALYSIS

Once sub-basin parameters have been input into the model, the only remaining variable is rainfall. While
rainfall is the driving force of the hydrologic model, it is also the most uncertain. However, statistical
analysis of historical storms and use of regional data can allow the engineer or planner to estimate the
approximate frequency with which a storms exceeding a given magnitude will occur, In addition,
regional studies conducted by the SCS are useful in estimating the time distribution of rainfall during the
peak period of a storm likely to cause flooding. Using these sources, a hypothetical "design storm" (or
rainfall distribution) can be developed for use in the hydrologic models.

3.3.1  Design Storm Duration

The duration of the design storm depends upon the characteristics of the basins being studied. Typically,
short duration storms should be used for design of steep, impervious basins where a high intensity of
rainfall produces the greatest peak runoff. In larger, more pervious basins, a lesser intensity of rainfall
preceded by a large volume of rain resulting in saturated conditions will produce the greatest peak flows.
Because of the pervious nature of the basins being studied, a 24 hour storm duration was selected as the
design storm. This value is typically used for basins of this size, and only under impervious conditions
would it be likely that a 6 hour duration would be more applicable.

3.5.2  Rainfall Intensity-Duration-Frequency Curves

Rainfall intensity-duration-frequency (IDF) curves are used to determine the rainfall intensity in inches
per hour associated with a given storm duration and design frequency. The IDF curves and values for the
24 hour precipitation for the 2, 5, 10, 25, 50, and 100 design frequencies were determined from Oregon
Department of Transportation Highway Division, Hydraulics Manual.

These IDF curves were computed in accordance with the method described in 1973 NOAA Atlas 2
entitled “Precipitation-Frequency Atlas of the Western United States, Volume X-Oregon™. A regional
rainfall analysis was done by comparing the IDF curves for 136 cities and areas. Comparing the curves
established 13 zones or regions that have similar rainfall intensities. The IDF curve for each region
represents an average for that region. Bay City falls within Zone 2, which represents most of Tillamook
and Lincoln counties,

The IDF curves are required when computing flows using the Rational Method. The Rational Method is
a popular method of computing small basin flows and is often used by planners and engineers. Because
of the Rational Method's popularity, IDF curves were developed using the 24 hour precipitation depths
presented in Table 2 - Design Precipitation Frequency - Depth Values. The resulting IDF curves are
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shown in Figure 12 — IDF Curves. These curves are intended to assist City staff and engineers with
future design projects.

Figure 12 - IDF Curves
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Table 2 - Design Precipitation Frequency - Depth Values
E N
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BAS
DESC '+ O
ATTERSON
CREEK
PATTERSON
P-N-1
P-N-2
P-N-3
P-N-4
P-N-5
P-N-6
P-S-1
P-S-2
P-8-3
JACOBY
CREEK
JACOBY
UNNAMED
CREEK
UC-N-4
UC-N-3
UC-N-2
UC-N-1
UC-8-3
UC-S-2
UC-§-1
SUB-BASINS
SB-1
SB-2
SB-3
SB-4
SB-5
SB-6
SB-7
SB-8
SB-9
SB-10

705.31
10.05
14.24
13.92
20.05
16.84
64.61

3.16
3.80
10.69

424.71

27.97
34,57
14.36
14.88
23.27
15.55
17.18

431

19.23
2.77

11.37
3.16

11.92
15.23
6.76
22.10
il1.61

Table 3 - Sub-Basin Parameter Summary

COE .
©

0.30
0.21
0.30
0.50
0.30
0.30
0.18
0.50
0.20
0.70

0.30

0.25
0.25
0.25
0.30
0.25
0.25
0.45

0.25
0.68
0.95
0.30
0.30
0.30
0.30
0.30
0.50
0.50

TG
(MIY)

87.64
14.47
13.37
12.42
13.92
16.70
39.19
5.02
5.01
15.20

61.81

19.28
6.97

11.34
16.07
7.65

15.61
17.30

10.24
29.02
10.78
13.62
10.41
15.56
15.05
16.13
18.70
19.36

2 r

0.53
1.28
1.34
1.38
1.31
1.20
0.75
2.00
2.00
1.25

0.59

1.11
1.80
1.43
1.22
1.73
1.24
1.18

1.48
0.89
1.45
1.32
1.47
1.24
1.26
1.22
[.13
[.11

0.62
1.59
1.66
1.72
1.62
1.49
0.91
2.40
2.40
1.55

1.39
2.19
1.78
1.52
211
1.54
1.47

1.85
I.11
1.81
1.64
1.84
1.54
1.56
1.51
1.41
1.39
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Table 4 - Peak Basin Flow Rates

IN ELO o
DE : 2 r . r 5 : r
PATTERSON CREE
PATTERSON 111.19 130.40 146.36 169.96 188.20 212.14

P-N-1 2.7 3.36 3.81 4.48 4.90 5.44
P-N-2 5.70 7.08 8.02 9.39 10.32 11.46
P-N-3 9.59 11.93 13.50 15.73 17.38 19.29
P-N-4 7.88 9.77 11.07 13.00 14.26 15.83
P-N-5 6.07 7.54 8.53 10.03 10.99 12.20
P-N-6 8.88 10.71 12,16 14.19 15.64 17.66
P-§-1 3.16 3.79 4.25 493 5.46 6.05
P-§-2 1.52 1.82 2,04 2.37 2.63 2.91
P-S-3 9.37 11.61 13.17 15.54 16.96 18.82

JACOBY CREEK

JACOBY 74.63 87.30 97.45 113.86 126.49 145.29
UNNAMED CREEK

UC-N-4 1.79 9.71 10.94 12.76 14.09 15.66
UC-N-3 15.55 18.90 21.24 24.58 27.31 30.27
UC-N-2 5.13 6.39 7.22 8.37 9.29 10.32
UC-N-1 5.46 6.77 7.67 9.03 9.88 10.97
UC-8-3 10.06 12.29 13.83 15.99 17.78 19.72
UC-8-2 4.82 5.97 6.77 7.98 8.72 9.68
UC-8-1 9.04 11.22 12.69 14.89 16.34 18.15
SUB-BASINS

SB-1 1.60 1.99 2.25 2.59 2.89 3.21
SB-2 11.67 14.49 16.48 19.04 21.06 23.46
SB-3 3.82 4.77 5.39 6.23 6.93 7.69
SB-4 451 5.60 6.35 7.44 8.17 9.07
SB-5 1.40 1.74 1.97 227 2.53 2.81
SB-6 4.44 5.50 6.23 7.35 8.03 8.91
SB-7 5.75 7.12 8.07 9.53 10.40 11.54
SB-8 2.48 3.07 3.48 4,10 4.48 4.98
SB-9 12.53 15.60 17.60 20.56 22.66 25.18
SB-10 6.46 8.05 9.06 10.57 11.67 12.97
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Table 5 - Peak Flows at Nodes

B CUMULA
E 10 2Yr Y 00 Yr
BATTERSON CREEK

257.34  288.74 336.59 372.54 421.95

UNNAMED CREEK
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