Chapter 2 Hydrology

2-1 General Hydrology

The Washington State Department of Transportation (WSDOT) Headquarters
(HQ) Hydraulics Office uses several methods for determining runoff rates
and/or volumes. Experience has shown these methods to be accurate,
convenient, and economical. The following methods will be discussed in
detail in subsequent sections of this chapter:

1. The Rational Method
2. The Santa Barbara Urban Hydrograph (SBUH) Method

3. Continuous Simulation Method (western Washington for stormwater
design)

4. Published Flow Records
5. United States Geological Survey (USGS) Regression Equations
6. Flood Reports

Two other methods, documented testimony and high water mark
observations, may be used as back-up material to confirm the results

of the above statistical and empirical methods. Where calculated results
vary from on-site observations, further investigation may be required.

7. Documented Testimony

Documented testimony of long-time residents should also be given
serious consideration by the designer. The engineer must be aware of any
bias that testifying residents may have. Independent calculations should
be made to verify this type of testimony. The information that may be
furnished by local residents of the area should include, but not be limited
to the following:

a. Dates of past floods.
b. High water marks.
c. Amount of drift.

d. Any changes in the river channel, which may be occurring
(i.e., stability of streambed, is channel widening or meandering).

e. Estimated velocity.
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f. Description of flooding characteristics between normal flow to
flood stage.

8. High Water Mark Observations

Sometimes the past flood stage from a drainage area may be determined
by observing ordinary high water marks (OHWM) on existing structures
or on the bank of a stream or ditch. The Region Biologist can assist in
determining the OHWM if needed. These marks along with other data
may be used to determine the discharge by methods discussed in the
Open Channel Flow chapter or the Culverts chapter of this manual.

Additional hydrologic procedures are available including complex computer
models, which can give the designer accurate flood predictions. However,
these methods, which require costly field data and large amounts of data
preparation and calculation time, can rarely be justified for a single hydraulic
structure. The HQ Hydraulics Office should be contacted before a procedure
not listed previously is used in a hydrologic analysis.

For the sake of simplicity and uniformity, the HQ Hydraulics Office will
normally require the use of one of the first six of the eight methods listed
previously. Exceptions will be permitted if adequate justification is provided

and approved by the State Hydraulic Engineer.

2-2 Selecting a Method

The first step in performing a hydrologic analysis is to determine which
method is most appropriate. The following briefly describes each method that
can be used to determine runoff rates and/or volumes. Figure 2-2.1 provides
a summary table for quick comparison._Subsequent sections in this chapter
provide a more detailed description of each method.

1. Rational Method — This method is used when peak discharges for small
basins must be determined. It is a fairly simple and accurate method
especially when the basin is primarily impervious. The rational method
is appropriate for culvert design, pavement drainage design, storm drain
design, and some stormwater facility designs in eastern Washington.

2. SBUH Method — This method is used when peak discharges and runoft
volumes for small basins must be determined. This method is not
complicated but requires a computer due to its computationally intensive
nature. The SBUH method can be used for many stormwater facility
designs in eastern Washington and can also be used for culvert design,
pavement drainage design, and storm drain design through the entire state.
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Continuous Simulation Method — The Continuous Simulation method

captures the hydrologic effects of back to back storms more common in

western Washington. This method uses a HSPF routine for computing
runoff from western Washington extended precipitation time series or
precipitation stations on pervious and impervious land areas. WSDOT
continuous simulation hydrologic model MGSFlood is the recommended
software product to use for calculating runoff treatment rates and volumes
when designing WSDOT stormwater facilities. MGSFlood is not an
appropriate model for calculating flow in fish passage culvert design.
Consult Chapter 7 of this manual for a list of acceptable models.

Published Flow Records — This method is used when peak discharges
for large basins must be determined. This is more of a collection of data
rather than a predictive analysis like the other methods listed. Some
agencies (primarily the USGS) gather streamflow data on a regular basis.
This collected data can be used to predict flood flows for the river and is
typically more accurate than calculated flows. Published flow records are
most appropriate for culvert and bridge design.

USGS Regression Equations — This method is used when peak
discharges for medium to large basins must be determined. It is a set of
regression equations that were developed using data from streamflow
gaging stations. The regression equations are very simple to use but lack
the accuracy of published flow records. USGS regression equations are
appropriate for culvert and bridge design.

Flood Reports — This method is used when peak discharges for medium
to large basins must be determined. It is basically using results from an
analysis that has been conducted by another agency. Often these values
are very accurate since they were developed from an in-depth analysis.
Flood report data are appropriate for culvert and bridge design.
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Method Assumptions Data Needs
Rational * Small catchments (< 1000 acres) Time of concentration (min)
» Time of concentration < 1 hour Drainage area (acreage)
» Storm duration > or = concentration time | Runoff coefficient (C values)
* Rainfall uniformly distributed in time Rainfall intensity (use m,n values in/hr)
and space
* Runoff is primarily overland flow
* Negligible channel storage
SBUH » Rainfall uniformly distributed in time Curve number (CN values)
and space Drainage area (acreage)
* Runoff is based on surface flow Precipitation values (Isopluvials)
* Small to medium basin (up to 1,000 acres) | Use software similar to StormSHED
» Urban type area (pavement usually
suffices)
Regional Storms (Eastern Washington)'
» Short duration storm for stormwater
conveyance
» Long durations storm for stormwater
volume
Type 1A Storm (Western Washington)'
(stormwater conveyance)
Continuous * HSPF routine for stormwater best Use MGSFlood software
Model management practices including Drainage basin area (acreage)
(Western detention and infiltration ponds, Land cover (impervious, grass)

Washington)

vegetated filter strips, and bioswales
* Medium size basin (<320 acres)
« Elevations below 1500 feet

Soils (outwash, till, wetland)
Climatic region (MAP)

Published * Midsized and large catchments with 10 or more years of gaged flood
Flow Record stream gage data records (A list of gages are published

» Appropriate station and/or generalized in Hydraulics Manual.)

skew coefficient relationship applied

USGS « Appropriate for culvert and bridge design | Regional Equations 2001
Regional * Midsized and large catchments Annual precipitation (inches)
Regression » Simple but lack accuracy of flow records Drainage area (square miles)
2001 (National Flood Frequency (NFF) or

Stream Stats software can be used)

Flood Reports

» Appropriate for culvert and bridge design

» Midsized and large watershed

» Often very accurate, but check with
agency

Available from EEMA

Basin
Transfer of
Gage Data
With USGS
Equations

 Similar hydrologic characteristics
» Channel storage

Discharge and area for gaged watershed
Area for ungaged watershed

"Chapter 4 of the Highway Runoff Manual provides detailed guidance for design storms.

Summary of Methods for Estimating Runoff Rates and/or Volumes

Figure 2-2.1
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2-3 Drainage Basin

The size of the drainage basin is one of the most important parameters
regardless of which method of hydrologic analysis is used. To determine the
basin area, select the best available topographic map or maps, which cover
the entire area contributing surface runoff to the point of interest. Outline
the area on the map or maps and determine the size in square meters, acres,
or square miles (as appropriate for the specific equations), either by scaling
or by using a planimeter. Sometimes drainage basins are small enough that
they fit entirely on the CADD drawings for the project. In these cases the
basin can be digitized on the CADD drawing and calculated by the computer.
Any areas within the basin that are known to be non-contributing to surface
runoff should be subtracted from the total drainage area.

The USGS has published two open-file reports titled, Drainage Area Data
for Western Washington and Drainage Area Data for Eastern Washington.
Copies of these reports can be obtained from the HQ Hydraulics Office

and the Region Hydraulics Engineer. These reports list drainage areas for

all streams in Washington where discharge measurements have been made.
Drainage areas are also given for many other sites such as highway crossings,
major stream confluences, and at the mouths of significant streams. These
publications list a total of over 5,000 drainage areas and are a valuable time
saver to the designer. The sites listed in these publications are usually medium
sized and larger drainage basin areas. Small local drainage areas need to be
determined from topographic maps as outlined above.

2-4 Cold Climate Considerations

Snowmelt and rain-on-snow is a complicated process and in some areas can
result in greater rates of runoff. There are two parts to this section: the first
part focuses on calculating the impacts of snowmelt and the second section
provides additional considerations for designers when evaluating the impacts
of snowmelt in a project location.

2-4.1 Calculating Snowmelt

The following general guidance was developed for urban areas; however,
it can be used in rural areas. This method should be added to the 100-year
24-hour precipitation when using the single event model to account for
snowmelt. No additional amounts need to be added to precipitation when
designing for conveyance and other hydraulic calculations.

When an area is evaluated for snow impacts the designer should: apply the
method described in this section; consult the Region Hydraulics Engineer,
the project maintenance office, the project engineer, and finally historical
data. Then in the hydraulics report, the designer should describe in detail
what value (if any) was determined to most accurately represent snowmelt
at a project location.
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The first question designers should consider is whether or not cold climate
effects will impact a project. In particular, designers should check the snow
record to determine the maximum monthly average snow depths for the
project. Snow depths can be found at the following website or through
contacting the Region Hydraulics Engineer or Headquarter Hydraulics
Office at Y8 www.wrcc.dri.edu/summary/climsmwa.html.

The following equation uses a factor of 5 developed from the energy budget
equation developed by the U.S. Army Corps of Engineers (USACE) and
available snow for eastern Washington cities to convert depth to snow water
equivalent. This amount should be added to the 100-year 24-hour precipitation
value when designing for flood conditions for rain-on-snow or snowmelt.

The equation below should only be applied when the average snow depth
within the month at a project location meets or exceeds 2 inches/day.

Average Snow Depth (max. month (in/day))
5

Snow Water Equivalent =

The snow water equivalent should not be greater than 1.5 in/day.

2-4.2 Additional Considerations

Regardless of whether or not snowmelt will impact a project site, designers
need to also consider the following important issues to provide adequate road
drainage and prevent flood damage to downstream properties.

1. Roadside Drainage — During the design phase, consideration should be
given to how roadside snow will accumulate and possibly block inlets
and other flow paths for water present during the thawing cycle. If it is
determined that inlets could be blocked by the accumulation of plowed
snow, consideration should be given to an alternate course of travel for
runoff. This will help to prevent the water ponding that sometimes occurs
in certain areas due to snowmelt and rain not having an open area in which
to drain.

2. Retention Ponds — When retention ponds are located near the roadway,
the emergency spillway should be located outside of any snow storage
areas that could block overflow passage or an alternative flow route should
be designated.

3. Frozen Ground — Frozen ground coupled with snowmelt or rain-on-snow
can cause unusually adverse conditions. These combined sources of runoff
are generally reflected in the USGS regression equations as well as in
the historic gauge records. No corrections or adjustments typically need
to be made to these hydrology methods for frozen ground or snowmelt.
For smaller basins, the SBUH and Rational methods are typically used to
determine peak volume and peak runoff rates. The CN value for the SBUH
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method, and the runoff coefficient for the Rational method do not need
to be increased to account for frozen ground in snowy or frozen areas as
consideration has been given to this in the normal precipitation amounts
and in deriving the snowmelt equation.

2-5 The Rational Method
2-5.1 General

The Rational method is used to predict peak flows for small drainage areas,
which can be either natural or developed. The Rational method can be used
for culvert design, pavement drainage design, storm drain design, and some
eastern Washington stormwater facility design. The greatest accuracy is
obtained for areas smaller than 100 acres (40 hectares) and for developed
conditions with large areas of impervious surface (e.g., pavement, roof tops).
Basins up to 1,000 acres (400 hectares) may be evaluated using the rational
formula; however, results for large basins often do not properly account

for effects of infiltration and thus are less accurate. Designers should never
perform a Rational method analysis on a basin that is larger than the lower
limit specified for the USGS regression equations since the USGS regression
equations will yield a more accurate flow prediction for that size of basin.

The formula for the Rational method is:

_CIA

QKc

(2-1)

Where:

= runoff in cubic feet per second (cubic meters per second)
runoff coefficient in dimensionless units

rainfall intensity in inches per hour (millimeters per hour)
drainage area in acres (hectares)

¢ = conversion factor of 1 for English (360 for Metric units)

—00
[

X >
[

When several subareas within a drainage basin have different runoff
coefficients, the Rational formula can be modified as follows:

IXCA
_ 2-1
Q=" (2-1a)
Where:

SCA=CixA;+CoxAy+..C,xA,

Hydrologic information calculated by the Rational method should be
submitted on DOT Form 235-009 (see Figure 2-5.1). This format contains
all the required input information as well as the resulting discharge. The
description of each area should be identified by name or stationing so that
the reviewer may easily locate each area.
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2-5.2 Runoff Coefficients

The runoff coefficient “C” represents the percentage of rainfall that becomes
runoff. The Rational method implies that this ratio is fixed for a given
drainage basin. In reality, the coefficient may vary with respect to prior
wetting and seasonal conditions. The use of an average coefficient for various
surface types is quite common and it is assumed to stay constant through the
duration of the rainstorm.

When considering frozen ground, designers should review Section 2-4.2
number 3 of this manual.

In a high growth rate area, runoff factors should be projected that will be
characteristic of developed conditions 20 years after construction of the
project. Even though local stormwater practices (where they exist) may reduce
potential increases in runoff, prudent engineering should still make allowances
for predictable growth patterns.

The coefficients in Figure 2-5.2 are applicable for peak storms of 10-year
frequency. Less frequent, higher intensity storms will require the use of
higher coefficients because infiltration and other losses have a proportionally
smaller effect on runoff. Generally, when designing for a 25-year frequency,
the coefficient should be increased by 10 percent; when designing for a
50-year frequency, the coefficient should be increased by 20 percent; and
when designing for a 100-year frequency, the coefficient should be increased
by 25 percent. The runoff coefficient should not be increased above 0.95,
unless approved by the Regional Hydraulics Engineer. Higher values may be
appropriate for steeply sloped areas and/or longer return periods, because in
these cases infiltration and other losses have a proportionally smaller effect
on runoff.
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SR Project
Calculated By Date
EQUATIONS LEGEND
T L 113 Q = Flow T. = Time of concentration
© K\/§ - KJAH |L = Length of drainage basin m &n =  Rainfall coefficients
[= m S = Average slope K. = Conversion
(Tc) K = Ground cover coefficient C = Runoff coefficient
Q= CIA AH = Elevation change of basin A = Drainage area
K¢
Description Rainfall
MRI L AH S K | T. Coeff K. | C I A Q
Of Area m n

Hydrology by the Rational Method
Figure 2-5.1

Below is the web link for electronic spreadsheet (WSDOT Form 235-009):

Y8 www.wsdot.wa.gov/publications/fulltext/Hydraulics/programs/hydrology.
xls
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Rolling Hilly
Type of Cover Flat 2%-10% Over 10%
Pavement and roofs 0.90 0.90 0.90
Earth shoulders 0.50 0.50 0.50
Drives and walks 0.75 0.80 0.85
Gravel pavement 0.50 0.55 0.60
City business areas 0.80 0.85 0.85
Suburban residential 0.25 0.35 0.40
Single family residential 0.30 0.40 0.50
Multi units, detached 0.40 0.50 0.60
Multi units, attached 0.60 0.65 0.70
Lawns, very sandy soil 0.05 0.07 0.10
Lawns, sandy soll 0.10 0.15 0.20
Lawns, heavy soll 0.17 0.22 0.35
Grass shoulders 0.25 0.25 0.25
Side slopes, earth 0.60 0.60 0.60
Side slopes, turf 0.30 0.30 0.30
Median areas, turf 0.25 0.30 0.30
Cultivated land, clay and loam 0.50 0.55 0.60
Cultivated land, sand and gravel 0.25 0.30 0.35
Industrial areas, light 0.50 0.70 0.80
Industrial areas, heavy 0.60 0.80 0.90
Parks and cemeteries 0.10 0.15 0.25
Playgrounds 0.20 0.25 0.30
Woodland and forests 0.10 0.15 0.20
Meadows and pasture land 0.25 0.30 0.35
Pasture with frozen ground 0.40 0.45 0.50
Unimproved areas 0.10 0.20 0.30

Runoff Coefficients for the Rational Method — 10-Year Return Frequency

2-5.3 Time of Concentration

Figure 2-5.2

Time of concentration (T,) is defined as the time for runoff to travel from
the hydraulically most distant point of the watershed to a point of interest in
the watershed. Travel time (T)) is the time it takes water to travel from one
location to another in a watershed. Travel time (T,) is a component of time
of concentration (T,), which is computed by summing all the travel times for
consecutive components of the drainage flow path. This concept assumes
that rainfall is applied at a constant rate over a drainage basin which would
eventually produce a constant peak rate of runoff.
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Actual precipitation does not fall at a constant rate. A precipitation event
will begin with small rainfall intensity then, sometimes very quickly, build
to peak intensity and eventually taper down to no rainfall. Because rainfall
intensity is variable, the time of concentration is included in the Rational
method so that the designer can determine the proper rainfall intensity to
apply across the basin. The intensity that should be used for design purposes
is the highest intensity that will occur with the entire basin contributing flow
to the location where the designer is interested in knowing the flow rate. It is
important to note that this may be a much lower intensity than the absolute
maximum intensity. The reason is that it often takes several minutes before
the entire basin is contributing flow but the absolute maximum intensity lasts
for a much shorter time so the rainfall intensity that creates the greatest runoff
is less than the maximum by the time the entire basin is contributing flow.

Most drainage basins will consist of different types of ground covers and
conveyance systems that flow must pass over or through. These are referred
to as flow segments. It is common for a basin to have flow segments that are
overland flow and flow segments that are open channel flow. Urban drainage
basins often have flow segments that flow through a storm drainpipe in
addition to the other two types. A travel time (the amount of time required
for flow to move through a flow segment) must be computed for each

flow segment. The time of concentration is equal to the sum of all the flow
segment travel times.

For a few drainage areas, a unique situation occurs where the time of
concentration that produces the largest amount of runoff is less than the

time of concentration for the entire basin. This can occur when two or more
subbasins have dramatically different types of cover (i.e., different runoff
coefficients). The most common case would be a large paved area together
with a long narrow strip of natural area. In this case, the designer should check
the runoff produced by the paved area alone to determine if this scenario
would cause a greater peak runoff rate than the peak runoff rate produced
when both land segments are contributing flow. The scenario that produces
the greatest runoff should be used, even if the entire basin is not contributing
flow to this runoff.

The procedure for determining the time of concentration for overland flow
was developed by the United States Natural Resources Conservation Service
(formerly known as the Soil Conservation Service) and is described below.
It is sensitive to slope, type of ground cover, and the size of channel. If the
total time of concentration is less than 5 minutes, a minimum of five minutes
should be used as the duration, see Section 2-5.4 for details. The time of
concentration can be calculated as in Equations 2-2 and 2-3:
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L L1-5
"=~ KA 2)
To=Tuy+To+... Tinz (2-3)
Where:
T; = travel time of flow segment in minutes
T, = time of concentration in minutes
L = length of segment in feet (meters)
AH = elevation change across segment in feet (meters)
K = ground cover coefficient in feet (meters)
S = slope of segment % in feet per feet (meter per meter)
Type of Cover K (English) K (Metric)
Forest with heavy ground cover 150 50
Minimum tillage cultivation 280 75
Short pasture grass or lawn 420 125
Nearly bare ground 600 200
Small roadside ditch w/grass 900 275
Paved area 1,200 375
Gutter flow 4 inch deep (100 mm) 1,500 450
6 inch deep (150 mm) 2,400 725
8 inch deep (200 mm) 3,100 950
Storm sewers 1 foot diam. (300 mm) 3,000 925
18 inch diam. (450 mm) 3,900 1,200
2 feet diam. (600 mm) 4,700 1,425
Open Channel Flow (n =.040) 1 foot deep (300 mm) 1,100 350
Narrow Channel (w/d = 1) 2 feet deep (600 mm) 1,800 550
4 feet deep (1.20 m) 2,800 850
Open Channel Flow (n =.040) 1 foot deep (300 mm) 2,000 600
Wide Channel (wid = 9) 2 feet deep (600 mm) 3,100 950
4 feet deep (1.20 m) 5,000 1,525
Ground Cover Coefficients
Figure 2-5.3
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2-5.4 Rainfall Intensity

After the appropriate storm frequency for the design has been determined

(see Chapter 1) and the time of concentration has been calculated, the rainfall
intensity can be calculated. Designers should never use a time of concentration
that is less than 5 minutes for intensity calculations, even when the calculated
time of concentration is less than 5 minutes. The 5-minute limit is based on
two ideas:

1. Shorter times give unrealistic intensities. Many IDF curves are constructed
from curve smoothing equations and not based on actual data collected
at intervals shorter than 15 to 30 minutes. To make the curves shorter,
involves extrapolation, which is not reliable.

2. It takes time for rainfall to generate into runoff within a defined basin,
thus it would not be realistic to have less than 5 minutes for a time of
concentration.

It should be noted that the rainfall intensity at any given time is the average
of the most intense period enveloped by the time of concentration and is
not the instantaneous rainfall. Equation 2-4 is the equation for calculating
rainfall intensity.

m
| = (2-4)
(Te)"
Where:
I = rainfall intensity in inches per hour (millimeters per hour)
T. = time of concentration in minutes
m & n = coefficients in dimensionless units (Figures 2-5.4A and 2-5.4B)

The coefficients (m and n) have been determined for all major cities for the
2-, 5-, 10-, 25-, 50-, and 100-year mean recurrence intervals (MRI). The
coefficients listed are accurate from 5-minute durations to 1,440-minute
durations (24 hours). These equations were developed from the /973 National
Oceanic and Atmospheric Administration Atlas 2, Precipitation-Frequency
Atlas of the Western United States, Volume IX-Washington.

With the Region Hydraulic Engineer’s assistance, the designer should
interpolate between the two or three nearest cities listed in the tables when
working on a project that is in a location not listed on the table. If the designer
must do an analysis with a T, greater than 1,440 minutes, the Rational method
should not be used.
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2-5.5 Rational Formula Example

Forested Residential
4.0 Acres 1.0 Acres

0.15 fu/ft 0.06 fv/ft

1,800 Feet 650 Feet 820 Feet

Compute the 25-year runoff for the Spokane watershed shown above. Three
types of flow conditions exist from the highest point in the watershed to the
outlet. The upper portion is 4.0 acres of forest cover with an average slope of
0.15 ft/ft. The middle portion is 1.0 acres of single family residential with a
slope of 0.06 ft/ft and primarily lawns. The lower portion is a 0.8 acres park
with 18-inch storm sewers with a general slope of 0.01 ft/ft.

L 1,800 650 820

T = =
©=2 7S ~ 150V0.15 © 4200.06  3.90070.01

T, =31 min + 6 min + 2 min = 39 min

m 9.09 in
0.93

I= (T)" = (39)0-626 R

>CA=0.22 (4.0 acres) + 0.44 (1.0 acres) + 0.11 (0.8 acres) = 1.4 acres

| 93)(1.
Q- [ECA)_093)14) | o
K, 1

2-6 Single-Event Hydrograph Method: Santa Barbara Urban
Hydrograph

Of the several commonly accepted hydrograph methods, the Santa Barbara
Urban Hydrograph (SBUH) method is the best suited for WSDOT projects
where conveyance systems are being designed and for some stormwater
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treatment facilities in eastern Washington. SBUH was developed to calculate
flow that will occur from surface runoft and is most accurate for drainage
basins smaller than 100 acres (40 hectares) although it can be used for
drainage basins up to 1,000 acres (400 hectares). SBUH should not be used
where groundwater flow can be a major contributor to the total flow. While
not all WSDOT projects are in urban basins, it is typically the paved surfaces
(similar to urban areas) that generate the majority of the total flow.

An SBUH analysis requires that the designer understand certain characteristics
of the project site, such as drainage patterns, predicted rainfall, soil type, area
to be covered with impervious surfaces, type of drainage conveyance, and

for eastern Washington the flow control BMP that will be used. The physical
characteristics of the site and the design storm determine the magnitude,
volume, and duration of the runoff hydrograph. Other factors, such as the
conveyance characteristics of channel or pipe, merging tributary flows, and
type of BMP used, will alter the shape and magnitude of the hydrograph.

The key elements of a single-event hydrograph analysis are listed below

(and described in more detail in this section):

* Design storm hyetograph.
* Runoff parameters.

» Hydrograph synthesis.

* Hydrograph routing.

* Hydrograph summation.

While the equations for the SBUH method are fairly simple, it is
computationally intensive and would take hours if done by hand. Because

of this, the only practical way to perform an analysis is to use a computer
application. There are several commercially available computer programs that
include the SBUH method, however the recommended software for WSDOT
project is StormShed. Other commercially available computer program may
also be used with prior approval from the State Hydraulic Engineer.

2-6.1 Design Storm Hyetograph

The SBUH method requires the input of a rainfall distribution or design storm
hyetograph. The design storm hyetograph is rainfall depth versus time for a
given design storm frequency and duration. For this application, it is presented
as a dimensionless table of unit rainfall depth (incremental rainfall depth for
each time interval divided by the total rainfall depth) versus time. The type of
design storm used depends on the project locations as noted below:

+ Eastern Washington — For projects in eastern Washington, the design
storms are the short duration storm for conveyance design and the
regional storm for volume based stormwater facilities. (Design storms
are discussed further in Appendix 4C of the Highway Runoff Manual.)

WSDOT Hydraulics Manual M 23-03.03 Page 2-17
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* Western Washington — For projects in western Washington, the design
storm for conveyance design is the Type 1A storm. For designs other
than conveyance, see Section 2-7 for a description of the Continuous
Simulation method.

Along with the design storm, precipitation depths are needed and should be
selected for the city that is closest to the project site from the contours on an
isopluvial map. The National Weather Service publishes isopluvial maps for
different storm durations and recurrence intervals and links to these maps can
be found in Appendix 4A of the Highway Runoff Manual or can be obtained
from the HQ Hydraulics Office. ArcGIS has the isopluvial maps loaded into
the program and may be the most accurate method since precipitation depths
are given for the exact location of a project.

2-6.2 Runoff Parameters

The SBUH method requires input of parameters that describe physical
drainage basin characteristics. These parameters provide the basis from

which the runoff hydrograph is developed. This section describes the three
key parameters (contributing drainage basin areas; runoff curve number;

and runoff time of concentration) that, when combined with the rainfall
hyetograph in the SBUH method, develop the runoff hydrograph. The proper
selection and delineation of the contributing drainage basin areas to the BMP
or structure of interest is required in the hydrograph analysis. The contributing
basin area(s) used should be relatively homogeneous in land use and soil
type. If the entire contributing basin is similar in these aspects, the basin can
be analyzed as a single area. If significant differences exist within a given
contributing drainage basin, it must be divided into subbasin areas of similar
land use and soil characteristics. Hydrographs should then be computed for
each subbasin area and summed to form the total runoff hydrograph for the
basin. Contributing drainage basins larger than 100 acres should be divided
into subbasins. By dividing large basins into smaller subbasins and then
combining calculated flows, the timing aspect of the generated hydrograph is
typically more accurate. Basin delineation is not the same as TDA delineation.
For more details on delineation of TDASs, see Section 4-2.5.

Curve Numbers

The NRCS has conducted studies into the runoff characteristics of various
land types. After gathering and analyzing extensive data, the NRCS developed
relationships between land use, soil type, vegetation cover, interception,
infiltration, surface storage, and runoff. The relationships have been
characterized by a single runoff coefficient called a curve number (CN).

CNss are chosen to depict average conditions—neither dry, nor saturated.

The designer is referred to FHWA Ip-80-1 for more information on choosing
appropriate curve numbers. Appendix 4B of the Highway Runoff Manual
shows suggested CN values for various land covers and soil conditions.
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The factors that contribute to the CN value are known as the soil-cover
complex. The soilcover complexes have been assigned to one of four
hydrologic soil groups, according to their runoff characteristics. These soil
groups are labeled Types A, B, C, and D; with Type A generating the least
amount of runoff and Type D generating the greatest. Appendix 4B of the
Highway Runoff Manual shows the hydrologic soil groups of most soils in
Washington State. The different soil groups can be described as follows:

* Type A — Soils having high infiltration rates, even when thoroughly
wetted, and consisting chiefly of deep, well-drained to excessively drained
sands or gravels. These soils have a high rate of water transmission.

* Type B — Soils having moderate infiltration rates when thoroughly wetted
and consisting chiefly of moderately fine to moderately coarse textures.
These soils have a moderate rate of water transmission.

* Type C — Soils having slow infiltration rates when thoroughly wetted and
consisting chiefly of soils with a layer that impedes downward movement
of water or soils with moderately fine to fine textures. These soils have a
slow rate of water transmission.

* Type D — Soils having very slow infiltration rates when thoroughly
wetted and consisting chiefly of clay soils with a high swelling potential,
soils with a permanent high water table, soils with a hardpan or clay
layer at or near the surface, and shallow soils over bedrock or other
nearly impervious material. These soils have a very slow rate of water
transmission.

The NRCS (formerly the Soil Conservation Service, or SCS) has developed
maps for Washington State that show the specific soil classification for any
given location. These maps are compiled by county and are typically available
from the regional NRCS office. To determine which soil group to use for an
analysis, locate the project site on the SCS map and read the soil classification
listed. (See Appendix 4B of the Highway Runoff Manual for a web link to
data to convert from the specific soil classification to a hydrologic soil group.)
The WSDOT Materials Lab can also perform a soil analysis to determine the
soil group for the project site. This should be done only if an SCS soils map
cannot be located for the county in which the site is located; the available SCS
map does not characterize the soils at the site (many SCS maps show “urban
land” in highway right of ways and other heavily urbanized areas where the
soil properties are uncertain); or there is reason to doubt the accuracy of the
information on the SCS map for the particular site.

When performing an SBUH analysis for a basin, it is common to encounter
more than one soil type. If the soil types are fairly similar (within 20 CN
points), a weighted average can be used. If the soil types are significantly
different, the basin should be separated into smaller subbasins (previously
described for different land uses). Pervious ground cover and impervious
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ground cover should always be analyzed separately. If the computer program
StormShed is used for the analysis, pervious and impervious land segments
will automatically be separated, but the designer will have to combine and
manually weight similar pervious soil types for a basin.

Antecedent Moisture Condition

The moisture condition in a soil at the onset of a storm event, referred to as
the antecedent moisture condition (AMC), has a significant effect on both
the volume and rate of runoff. Recognizing this, the SCS developed three
antecedent soil moisture conditions: I, II, and III.

AMC I: Soils are dry, but not to the wilting point.
AMC II: Average conditions.

AMC III: Heavy rainfall, or light rainfall and low temperatures,
has occurred within the last 5 days, near saturated or saturated soil.

Table 2-6 gives seasonal rainfall limits for the three antecedent soil moisture
conditions.

AMC Dormant Season Growing Season
I Less than 0.5 Less than 1.4
Il 0.5t0 1.1 1.4t0 2.1
1 Over 1.1 Over 2.1

Total 5-Day Antecedent Rainfall (Inches)
Table 2-6

The CN values generally listed are for AMC 11, if the AMC falls into either
group I or III, the CN value will need to be modified to actually represent
the project site conditions. Appendix 4C of the Highway Runoff Manual
provides further information regarding when the AMC should be considered
and Appendix 4B of the Highway Runoff Manual provides conversions for
the curve number for different antecedent moisture conditions for the case of

Ia=0.28S. For other conversions, see SCS National Engineering Handbook
No. 4, 1985.

Time of Concentration

Time of Concentration (T,) is defined as the time for runoff to travel from
the hydraulically most distant point of the watershed to a point of interest in
the watershed. Travel time (T)) is the time it takes water to travel from one
location to another in a watershed. Travel time (T,) is a component of time
of concentration (T), which is computed by summing all the travel times
for consecutive components of the drainage flow path. While this section
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starts the same as Section 2-5.3, the analysis described in this section is more
detailed because how water travels through a basin is classified by flow type.
The different types of flow include: sheet flow, shallow concentrated flow,
open channel flow, or some combination of these. Classifying flow type is
best determined by field inspection and using the parameters described below:

* Sheet flow is flow over plane surfaces. It usually occurs in the headwater

areas of streams and also for short distances on evenly graded slopes. With
sheet flow, the friction value (ns, which is a modified Manning’s roughness
coefficient) is used. These ns values are for very shallow flow depths up

to about 0.1 foot (3 cm) and are used only for travel lengths up to 300 feet
(90 m) on paved surfaces and 150 feet on pervious surfaces. Appendix 4B
of the Highway Runoff Manual provides the Manning’s ns values for sheet
flow at various surface conditions.

For sheet flow of up to 300 feet, use Manning’s kinematic solution to
directly compute T:

Ty =(0.42 (nsL)*#)/((P2)*5%(s0)°%) (2-5)

travel time (minutes)

sheet flow Manning’s coefficient (dimensionless)
L = flow length (feet)

2-year, 24-hour rainfall (inches)

slope of hydraulic grade line (land slope, ft/ft)

Shallow Flow — After a maximum of 300 feet, sheet flow is assumed to
become shallow concentrated flow. The average velocity for this flow
can be calculated using the k values from Appendix 4B of the Highway
Runoff Manual. Average velocity is a function of watercourse slope and
type of channel. After computing the average velocity using the Velocity
Equation (Equation 4-2), the travel time (T,) for the shallow concentrated
flow segment can be computed by dividing the length of the segment by
the average velocity.

Open channels are assumed to begin where surveyed cross section
information has been obtained, where channels are visible on aerial
photographs, or where lines indicating streams appear on USGS
Quadrangle maps. For developed drainage systems, the travel time of
flow in a pipe is also represented as an open channel. The k, values
from Appendix 4B of the Highway Runoff Manual used in the Velocity
Equation can be used to estimate average flow velocity. Average flow
velocity is usually determined for bank full conditions. After average
velocity is computed, the travel time (T,) for the channel segment can
be computed by dividing the length of the channel segment by the
average velocity.
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A commonly used method of computing average velocity of flow, once it
has measurable depth, is the following Velocity Equation:

V = (k)(s00.5) (2-6)
Where:

V = velocity (ft/s)

k = time of concentration velocity factor (ft/s)

so = slope of flow path (ft/ft)

Regardless of how water moves through a watershed, when estimating travel
time (T,), the following limitations apply:

* Manning’s kinematic solution should not be used for sheet flow longer
than 300 feet.

» The equations given here to calculate velocity were developed by
empirical means; therefore, English Units (such as inches) must be used
for all input variables for the equation to yield a correct answer. Once
the velocity is calculated, it can be converted to metric units to finish
the travel time calculations in the case of shallow concentrated flow and
channel flow.

Appendix 4B of the Highway Runoff Manual shows suggested “n” and “k”
values for various land covers to be used in travel time calculations.

2-6.3 Hydrograph Synthesis

The SBUH method applies the selected CNs to SCS equations to compute soil
absorption and precipitation excess from the rainfall hyetograph. Each time
step of this process generates one increment of an instantaneous hydrograph
with the same duration. The instantaneous hydrograph is then routed

through an imaginary reservoir, with a time delay equal to the basin time of
concentration. The end product is the runoff hydrograph for that land segment.

Abstractions (including rainfall interception and storage in small depressions
in the ground surface) are also accounted for in the SBUH method. The
abstraction of runoff, S, is computed from the CN as follows:

S = (1000/CN) - 10 (2-7)

Using the abstraction value and precipitation for the given time step, the
runoff depth, D, per unit area is calculated as follows:

D(t) = ((p(t) - 0.2(S))*2)/(p(t) + 0.8(S)) (2-8)

Where:
p(t) = precipitation for the time increment (in)
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The total runoff, R(t), for the time increment is computed as follows:
R(t) = D(t) - D(t-1) (2-9)

The instantaneous hydrograph, /(z), in cubic feet per second (cfs) at each time
step, dt, is computed as follows:

I(t) = 60.5 R(t) A/dt (2-10)
Where:
A = area (acres)

dt = time interval (min)

Note: A time interval of 10 minutes can be used for the Type 1A storm or the
Regional Long-Duration Storm, however a 5 minute interval should always
be used for the Short-Duration Storm. The runoff hydrograph, QO(?), is then
obtained by routing the instantaneous hydrograph /(?) through an imaginary
reservoir with a time delay equal to the time of concentration of the drainage
basin. The following equation estimates the routed flow, Q():

Q(t+1) = Q(t) + wll(t) + I(t+1) — 2Q(t)] (2-11)
Where:

w = dt/(2T, + dt)
T, = time of concentration for the contributing drainage basin area

2-6.4 Level Pool Routing

This section presents the methodology for routing a hydrograph through a
stormwater facility using hydrograph analysis. Level pool routing is done the
same way regardless of the method used to generate the hydrograph; therefore,
this part of the analysis is not unique to the SBUH method. The level pool
routing technique presented here is one of the simplest and most commonly
used hydrograph routing methods and is the method used by StormShed.

It is based on the following continuity equation:

Inflow — Outflow = Change in Storage (2-12)
(11 +12)/2) — ((O1 + 02)/12) =S2 - S1

Where:
11,12 = inflow at time 1 and time 2
01, 02 = outflow at time 1 and time 2
S1, S2 = storage at time 1 and time 2
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The time interval for the routing analysis must be consistent with the time
interval used in developing the inflow hydrograph. The time interval used
for a 24-hour storm is 10 minutes. The variables can be rearranged to obtain
the following equation:

1+12+2S1-01=02+2S2 (2-13)

If the time interval is in minutes, the unit of storage (S) is now cubic feet

per minute (cf/min), which can be converted to cfs by multiplying by

1 min/60 sec. The terms on the left-hand side of the equation are known

from the inflow hydrograph and from the storage and outflow values of the
previous time step. The unknowns O and S can be solved interactively from
the given stage-storage and stage-discharge curves. As with the synthesis of a
hydrograph, the computations are fairly simple, but very voluminous. The best
way to route a hydrograph through a stormwater facility is to use a computer
program. Many hydrologic analysis software programs include features that
make hydrograph routing an easy process including Storm Shed.

2-6.5 Hydrograph Summation

One of the key advantages of hydrograph analysis is the ability to accurately
describe the cumulative effect of runoff from several contributing drainage
basin areas having different runoff characteristics and travel times. This
cumulative effect is best characterized by a single hydrograph, which is
obtained by summing the individual hydrographs from tributary basins at a
particular discharge point of interest. The general procedure for performing

a hydrograph summation begins with selecting a discharge point of interest
where it is important to know the effects of the runoff generated on the project
site. Next, route each individual hydrograph through a conveyance system that
carries it to the point of interest. The final step is to sum the flow values for
each hydrograph for all of the time intervals. This will yield a single discharge
hydrograph.

2-7 Continuous Simulation Method (Western Washington Only for

Stormwater)

When designing stormwater facilities in western Washington, the designer
must use an approved continuous simulations model, to meet the requirements
of the most current version of the Highway Runoff Manual. A continuous
simulation model captures the back to back affects of storm events that are
more common in western Washington. These events are associated with

high volumes of flow from sequential winter storms rather than high peak
flow from short duration events as is characteristic in eastern Washington.
WSDOT’s approved continuous simulation hydrologic model is MGSFlood
(see Section 4-3.5.2 of the Highway Runoff Manual) which uses the HSPF
routines for computing runoff from rainfall on pervious and impervious
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land areas. In addition, MGSFlood has the BMP design criteria built into the
software and will alert the designer regarding whether the runoff treatment
flow rates and volumes meet the requirements of the Highway Runoff Manual.
See the HQ Hydraulics web page for a detailed example of this modeling
approach and for information on how to obtain a copy of the public domain
program at ¥0 www.wsdot.wa.gov/Design/Hydraulics/Training.htm.

MGSFlood does have limitations that the designer should understand before
using the program, regarding the project location, conveyance design, and
the size of the basin. MGSFlood is for projects in western Washington only,
at elevations below 1500 feet, and for basins up to 320 acres (about one-

half square mile). The program does not include routines for simulating the
accumulation and melting of snow, and its use should be limited to areas
where snowmelt is typically not a major contributor to floods or to the annual
runoff volume. MGSFlood is generally not used for conveyance design unless
a conveyance system is downstream of a stormwater pond and the 15 minute
time step is used. For projects located in western Washington that fall outside
the modeling guidelines described in this paragraph, contact region or HQ
hydraulics staff for assistance.

2-7.1 Modeling Requirements

MGSFlood should be used once the designer has selected the BMP(s) for the
project site and has determined the input values for: precipitation, drainage
basin delineation, and soil characteristics. Each of these input values are
further described in the sections below.

2-7.1.2 Precipitation Input

There are two methods for transposing precipitation timeseries that are
available in the continuous simulation model: Extended Precipitation
Timeseries Selection and Precipitation Station Selection. The designer
will generally select the Extended Precipitation Timeseries unless it is not
available for a project site, then the Precipitation Station is selected. Both
methods are further described below.

1. Extended Precipitation Timeseries Selection — Extended Precipitation
Timeseries uses a family of prescaled precipitation and evaporation
timeseries. These timeseries were developed by combining and scaling
precipitation records from widely separated stations, resulting in record
lengths in excess of 100 years. Extended hourly precipitation and
evaporation timeseries have been developed using this method for most
of the lowland areas of western Washington where WSDOT projects
are constructed. These timeseries should be used for stormwater facility
design for project sites with a mean annual precipitation ranging from
24 to 60 inches and located in the region shown in Figure 2-7.1.

WSDOT Hydraulics Manual M 23-03.03 Page 2-25

June 2010



http://www.wsdot.wa.gov/Publications/Manuals/M31-16.htm
www.wsdot.wa.gov/Design/Hydraulics/Training.htm

Hydrology

Chapter 2

Puget East—

Vancouver

Extended Precipitation Timeseries Regions
Figure 2-7.1

2. Precipitation Station Selection — For project sites located outside the
extended timeseries region, a second precipitation scaling method is used.
A source gage is selected and a single scaling factor is applied to transpose
the hourly record from the source gage to the site of interest (target
site). The current approach for single factor scaling, as recommended in
Ecology’s SMMWW, is to compute the scaling factor as the ratio of the
25-year, 24-hour precipitation for the target and source sites. Contact
region or Headquarters Hydraulics staff if assistance is needed in selecting
the appropriate gage. Updating areas with the extended precipitation
timeseries will be done eventually for all of western Washington, based
on available funding.

2-7.1.3 TDAs and Drainage Basin Characteristics

To facilitate rainfall-runoff modeling the project site must be defined in terms
of Threshold Discharge Areas (TDAs) and drainage basins. The Highway
Runoff Manual Minimum Requirements for flow control and/or runoff
treatment might be triggered in some or all TDAs along the project. For
those TDAs that require a stormwater BMP, drainage basins should show the
areas of land that contribute flow to a point of interest; typically a stormwater
BMP. Since the continuous simulation model simulates the rainfall-runoff
for each land cover/soil type combination separately, determining both the
predeveloped and post developed land cover is critical. Additionally, any
areas that are reverted to pervious surfaces should be accounted for as well.
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Finally, if there are any existing wetlands within the TDA and stormwater is
proposed to discharge or detract from the natural wetland evaluation of the
hydroperiod maybe necessary.

The delineation and specifics of TDAs are part of the Highway Runoff Manual
requirements and designers should review the following sections of the
manual prior to using MGSFlood:

1. TDA Delineation — Section 4-2.5
2. Predeveloped Land Cover — Section 4-3.6
3. Reverision of an Existing Impervious Surface — Section 4-3.6
4. Separation of On-Site and Oftf-Site Flow — Section 4-3.6
5. Wetland Hydroperiods — Section 4-6
2-7.1.4 Hydrologic Soil Groups

For each basin, land use is defined in units of acres for predeveloped and
developed conditions. Soils must be classified into one of three default
categories for use in the continuous simulation model: till, outwash, or
saturated soil (as defined by the USGS). Mapping of soil types by the Soil
Conservation Service (SCS), which is now the Natural Resource Conservation
Service (NRCS), is the most common source of soil/geologic information used
in hydrologic analyses for stormwater facility design. Each soil type defined
by the NRCS has been classified into one of four hydrologic soil groups: A, B,
C, and D. As is common in hydrologic modeling in western Washington, the
soil groups used in the continuous simulation model generally correspond to
the NRCS hydrologic soil groups shown in Table 2-7.2.

NRCS Group HSPF Group
A Outwash
B Till or Outwash
C Till
D Wetland

Relationship Between NRCS Hydrologic Soil Group
and HSPF Soil Group
Table 2-7.2

NRCS Type B soils can be classified as either glacial till or outwash,
depending on the type of soil under consideration. Type B soils underlain by
glacial till or bedrock, or that have a seasonally high water table, are classified
as till. Conversely, well-drained B-type soils should be classified as outwash.
It is very important to work with the WSDOT Materials Lab or a licensed
geotechnical engineer to make sure the soil properties and near-surface
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hydrogeology of the site are well understood, as they are significant factors
in the final modeling results. Appendix 4B of the Highway Runoff Manual
contains some soils classification information for preliminary work.

Wetland soils remain saturated throughout much of the year. The hydrologic
response from wetlands is variable, depending on the underlying geology, the
proximity of the wetland to the regional groundwater table, and the geometry
of the wetland. Generally, wetlands provide some base flow to streams in the
summer months and attenuate storm flows via temporary storage and slow
release in the winter. Special design consideration must be taken into account
when including wetlands in continuous simulation runoff modeling.

2-8 Published Flow Records

When available, published flow records provide the most accurate data for
designing culverts and bridge openings. This is because the values are based
on actual measured flows and not calculated flows. The streamflows are
measured at a gaging site for several years. A statistical analysis (typically
Log Pearson Type III) is then performed on the measured flows to predict the
recurrence intervals.

The USGS maintains a large majority of the gaging sites throughout
Washington State. A list of all of the USGS gages, with adequate data to
develop the recurrence intervals, is provided in Appendix 2-1 along with the
corresponding latitude, longitude, hydrologic unit, and drainage area. Flood
discharges for these gaging sites, at selected exceedance probabilities (based
on historical data up to 1996), can be found in Table 2 at the following Web
link: “® http://wa.water.usgs.gov/pubs/wrir/flood_freq/.

In addition to these values, the HQ Hydraulics Office maintains records of
daily flows and peak flows for all of the current USGS gages. Also, average
daily flow values for all current and discontinued USGS gages are available
through the Internet on the USGS homepage (note these are average daily
values and not peak values) at ¥D http://waterdata.usgs.gov/usa/nwis/
dvstat?referred module=sw.

Historical data for additional gaging sites is available through the Stream
Hydrology Unit (SHU) of Ecology’s Environmental Monitoring and Trends
Section. This flow information was recorded in support of the salmon
recovery efforts and water resource management. While discharge is measured
at these sites 6 to 8 times a year, the majority of the actual measurements are
of stream stage and a calculated stream discharge. The calculations are made
using information from stream gages operated by other governmental agencies
(primarily the USGS) and rating curves developed by SHU that relate river
stage to discharge (V8 www.ecy.wa.gov/programs/eap/flow/shu_main.html).
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Some local agencies also maintain streamflow gages. Typically, these are
on smaller streams than the USGS gages. While the data obtained from
these gages is usually of high enough quality to use for design purposes,
the data is not always readily available. If the designer thinks that there is
a possibility that a local agency has flow records for a particular stream
then the engineering department of the local agency should be contacted.
The HQ Hydraulics Office does not maintain a list of active local agency
streamflow gages.

2-9 USGS Regression Equations

While measured flows provide the best data for design purposes, it is not
practical to gage all rivers and streams in the state. A set of equations has been
developed by USGS to calculate flows for drainage basins in the absence of a
streamflow gage. The equations were developed by performing a regression
analysis on streamflow gage records to determine which drainage basin
parameters are most influential in determining peak runoff rates

The equations break the state up into nine unique hydrologic regions,

as shown on the map in Appendix 2-2. The various hydrologic regions
require different input variables, depending on the hydrologic region. Input
parameters that maybe required include: total area of the drainage basin,
percent of the drainage basin that is in forest cover, and percent of the
drainage basin that is in lakes, swamps, or ponds. These variables can be
determined by the designer through use of site maps, aerial photographs, and
site inspections.

For some hydrologic regions, the designer will need to determine the Mean
Annual Precipitation (MAP) which can be found through the Web links in
Appendix 2-3. It should be noted that the regression equations were developed
using the 1965 NOAA precipitation maps and the maps in Appendix 2-3 are
an update to these maps. The new maps are considered more accurate because
the values are based on more actual precipitation data and an improved
methodology for determining precipitation values is utilized. However, in
some areas of Washington there was a significant change in the precipitation
values from the 1965 maps and designers should verify that the new
precipitation value is within the MAP limits noted on the Regression Equation
worksheets. In addition to the MAP limits, each region has limits for the
drainage basin area size. The designer should be careful not to use data that

is outside of the limits specified for the equations since the accuracy of the
equations is unknown beyond these points.
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The designer must be aware of the limitations of these equations. They were
developed for natural rural basins, however the equations have been updated
with current flood events. The equations can be used in urban ungaged areas
with additional back-up data, i.e., comparing results to nearest gage data for
calibration and a sensitivity analysis, field inspection of highwater lines and
information from local maintenance. Designers should contact the Region
Hydraulics Engineer for further guidance. Also any river that has a dam

and reservoir in it should not be analyzed with these equations. Finally, the
designer must keep in mind that due to the simple nature of these equations
and the broad range of each hydrologic region, the results of the equations
contain a fairly wide confidence interval, represented as the standard error.

The standard error is a statistical representation of the accuracy of the
equations. Each equation is based on many rivers and the final result
represents the mean of all the flow values for the given set of basin
characteristics. The standard error shows how far out one standard deviation
is for the flow that was just calculated. For a bell- shaped curve in statistical
analysis, 68 percent of all the samples are contained within the limits set by
one standard deviation above the mean value and one standard deviation
below the mean value. It can also be viewed as indicating that 50 percent of
all the samples are equal to or less than the flow calculated with the equation
and 84 percent of all samples are equal to or less than one standard deviation
above the flow just calculated.

The designers shall use the mean value determined from the regression
equations with no standard error or confidence interval. If the flows are too
low or too high for that basin based on information that the designer has
collected, then the designer may apply the standard error specific to the
regression equation accordingly. The designer should consult the Region
Hydraulic Engineer for assistance.

The equations were updated as noted in Appendix 2-2 and are only presented
in English units. To obtain metric flow data, the designer should input the
necessary English units data into the appropriate regression equation and then
multiply the results by 0.02832 to convert the final answer to cubic meters
per second.

Estimates of the magnitude and frequency of flood-peak discharges and flood
hydrographs are used for a variety of purposes, such as the design of bridges,
culverts, and flood-control structures, and for the management and regulation
of flood plains.
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In addition to the worksheets at the end of this chapter, the USGS has
programs to improve the process of estimating peak flows. One program is
the National Flood Frequency (NFF) Program, which acts as a calculator
taking the manual input of the physical site and climate characteristics and
then using the regression equations to calculate the peak flow and the standard
error. The program is available for designers use at the following web site and
should be loaded by the Region IT: “8 http://water.usgs.gov/software/nff.html.
Streamstats is another USGS tool that not only estimates peak flows, but can
also delineate the basin area and determine the MAP as well as other basin
characteristics. Streamstats can be found at the following web site:

B http://water.usgs.gov/osw/streamstats/Washington.html. It should be

noted that Streamstats uses the 1965 NOAA maps and may produce a

slightly different result than the map links on Appendix 2-3.

2-10 Flood Reports

Flood reports have been developed for many rivers in Washington State.
Most of these reports, and the ones that are most readily accessible, have
been developed by the Federal Emergency Management Agency (FEMA).
Other reports have been developed by the United States Army Corps of
Engineers and by some local agencies.

These reports are a good source of flow information since they were
developed to analyze the flows during flooding conditions of a particular
river or stream. The types of calculations used by the agency conducting

the analysis are more complex than the rational method or USGS regression
equations and because of this are more accurate. The increased time required
to perform these complex calculations is not justified for the typical structure
that WSDOT is designing; however, if the analysis has already been
performed by another agency, then it is in WSDOT’s best interest to use this
information. Flood study data should never be used in place of published
flow records.

The HQ Hydraulics Office maintains a complete set of FEMA reports and
also has several Corps of Engineers flood reports. Region Environmental
Offices should be contacted for local agency reports.
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2-11 Mean Annual Runoff

English Units:

(MAR)A
13.6

Q:

Where:
Q
MAR
A

mean annual runoff in cfs
mean annual runoff in inches taken from Appendix 2-3
area of the drainage basin in square miles

Metric Units:

_ (MAR)A
1,241

Where:
Q = mean annual runoff in cms
MAR = mean annual runoff in inches taken from Appendix 2-2
A = area of the drainage basin in kilometers

Sometimes it is necessary to determine the mean annual flow or runoff for

a given stream. When published flow records are available they are the best
source of information. Minor streams, which do not have any gaging records
available, can be estimated by the following procedure:

(2-14)
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Appendix 2-1 USGS Streamflow Gage Peak Flow Records

861
Vel
L'vS
€6°G
vl
681

L0

%4
174
go¢
681
98l
134
8'6¢
JAVAS
86'C
9'Gl
8'/¢
€61
oct
L'€C
c0e
6L}
v'0c
Vv
€v'6

90
8l
9Ll
cL9
66°|

6'LL
Gle
9l
8'vS
L'
88
0SLe
00¢
€6
(zsanm)
ealy
abeuleiq

€0100LLL
€0100LZL
€0100L2L
7010011
G0L00LLL
G0L00LLL
90100121
90100121
90100121
90100121
G0L00LLL
90100121

90L00LZL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
90L00LZL
90L00LLL
90L00LLL
90L00LLL
90L00LZL
90L00LZL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
90L00L.LL
90L00LLL
90L00LLL
90L00LLL
90L00LZL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
90L00LLL
6100LLLL
10102041
1000CLZL
€000CL.L
1010201
(oamo) yun
o160j01pAH

Legleet
Ggecoceel
gcliect
olsvect
ocevect
ovssect
9GeovreL
gleovel
6c00vCL
8G05¢eCL
8veveCl
soeveet
oovvect
0Gevect
glogect
0s8cect
Ggcoveel
6GSYECL
0svvect
cleveel
gGgeect
goecect
0cscect
0g/€€cl
oeseect
ooseect
oseeect
6eLgeCL
445174
0eoveet
0oosect
clesect
Loggect
8€lLgecL
628¥eCL
€eeveet
00.¥€CL
0osvect
cevveet
LEVSECL
ooogeel
1228l
S06¥8LL
00cs8LL
geoLell
(se@a1baq)
apnjibuo

6YE€E9Y
00€€9y
Glecedy
G2999Y
Sryeoy
0€LG9Y
60¥¥9¥
SYeEYoy
6EEYIV
128¥9¥
Ir6Y9¥
61069
ovLG9¥y
0¢S99
0€9Y9¥
GG9v9Y
GCsyov
6SVv9Y
0L9v9¥
AR 14
148714
¥06€9Y
0G8€9Y
GLGE9Y
GLGe9y
6LEE9Y
0S€E9Y
671E9Y
050€9¥
Sr0e9y
0€629Y
8€629Y
€€829¥
12929%
6G129%Y
6€029¥
0ceeovy
0cLeov
Lceeov
81619
00004¥
0c602Yy
0eLley
8¢.Lvey
qGevey
(se@a1baq)

apnjne

"HSVM 1713 3d "V3AN MIFHO TN §3LVM

VM 113 3d ¥N M3FHD MO0Y

VM 113 3d YN H3AIY SITVHIHO

"HSYM ‘NI3ay3gy ¥vaN MI3HO (STITIVHI) ATTIVHO
"HSVM ‘NIFAH3IFV VAN YITHO HYMSM3IN

VM ‘NVYHYHVYIA IN ¥3AIY SNHOP

"HSVM ‘ANVTIIMOL ¥V3N L "ON HOLId IDVYNIVHA

'HSVM ‘ANVTIMOL ¥VIN AYVLNEGIYL HONOTS AYINNYO
"HSVM ‘ANV1IMOL ¥V3AN S0l AMH 1V HONO1S A3HANIM
"HSVM ‘ANONAVY ¥VY3IN H3IAIY HLHON

"HSVM ‘ANONAVY ¥N AVO¥ TTIIA NVOIYINY LV H HIHON

"HSVM ‘SITOdONSOD "vaN Y3340 30r
"HSVYM ‘NOWAVY UN “dO 301 IA0GV d3AIY HLHON
"HSVYM ‘SITOdONSOD ¥V3AN H3AIY HLHON 311117
VM ‘NATMOOHE 1V H3AAIE 11V
"HSVYM ‘NATMOOHE dvaN ¥3AIE HLHON
"HSVM ‘ANOWAVY dV3IN M3FHO HLINS
"HSVM ‘ANOWAVY dV3IN MITHO HILVMEVYITO
VM ‘ANOWAVH YN M3FHO NHOHM13
"HSVM ‘ANOWAVY dV3AN d3IAIE VAV T1IM ¥H04 HLNOS
VM ‘VdVTTIM "N MITHD QHYM
VM ‘VdVTTIM "N H3IAIE VAV TTIM
VM VdVTTIM 8N M33H0 TN
VM ‘GNODTOH ¥UN MITFHD HIONIYLS
"HSVYM ‘NVE3 T dvaN MITFHO NITFHD
"HSVYM ‘NvE31 dvaN MITHO MHOA
"HSVM ‘NVE3T LV J3AIE VAV TTIM
"HSVM ‘aN39 HLNOS ¥V3IN MIFHD SNVITIIM
"HSYM ‘HVYINTN "V3aN H3AIE HYWIN HLHON
"HSVM ‘AN39 HLNOS YN AdVLNGIY1l d HYININ HLHON
"HSVM ‘aN39 HLNOS ¥V3AN Y3AIY HYWIN HLHON
"HSVM ‘aN39 HLNOS ¥V3AN J3AIE HYIWIN 31adin
"HSVM ‘HVYW3N "vaN ¥3AIE HYININ HLNOS
"HSYM ‘I7173SVYN HV3AN H3AINE HYININ HLNOS
VM ‘I113S3AN 1V "93AIY 31T13SYN
VM ‘FT113SVYN VAN H3AIE IT13SYN MH04 HLNOS
"HSVM ‘TT1TISVYN dV3IN M3FHD ANV
"HSVYM ‘ITT3SVYN dV3IN M3FHO NOWIVS
"HSVYM ‘I7173SVYN "V3AN "3AIY 37173SVYN
VM ‘IT113SVYN HV3IN HONVYHE dv3agd
NOILVLS 1S31 301440 31VLS NOLONIHSVM
AN ‘OINIA "V3IN M3FHO LNOYL
HO'IDVLIOA HVIN IMVT HNIHIVIN
HO ‘NITOHONIHA HVIAN H3IAIME NIZLI19 ANN YINNOJ
H0 ‘SNYNG dvaN H3AIE STINTIS
aweN uoiels

009610C1
005610C1
000610C1
006810C1
0008L0C1
00S210¢1
0c€€LL0CL
GLeLLoCh
€0€L10CL
00021021
006910¢C1
004910¢C1
009910¢C1
006910C1
000910C1
005G10¢C1
00c¢slocL
001G1L0CL
000510C1
00Sv10CL
ooovioct
006€1L0CL
000€10CL
006¢1L0CL
00¢clLoch
000cL0ct
oostLioct
ooctioct
€0LLLoct
ootiioct
000LLOCL
006010C1
0€8010C1
008010C1
0LZ0L0CL
00/010¢1
009010¢1
005010CL
00001L0CL
00560021
000000¢Ct
00590701
00810%01
00096€01
005€6€01

ai-8us

Page 2-33

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

€6l €0L00LLL ovoLect (0184214
- €0L00LLL 0L0¢€ct 80V ¥9
- €0L00LLL gegsecet 0ceror

Ll €0L00LLL ol/scel 4199217

vyl €0L00LLL 6G€5CCL 2ESYIY
- €0L00LLL 8005¢¢cL 1A 487214
- €0L00LLL JAZSTAA) 412504
- €0L00LLL 6€05¢cL A% 17214

€6°L €0L00LLL c¢00seel L1S¥9
- €0L00LLL Lleveel VA1 47%°) 4
- €0L00LLL velveel 60E¥9Y
- €0L00LLL coeveel LYSyor
- €0L00LLL 0osveel L1S¥9p
- €0L00LLL csvvect 90V ¥9
€el €0L00LLL ovovect (01°147%4°1%

4%’ €0L00LLL €cesect 029797

8G°0 €0L00LLL svesect (0)7A%°) 4

6'G9 €0L00LLL covveel TAA%*) 4

L'l9 €0L00LLL Svevect SL.y9v
(014 €0L00LLL yeseeeL [44°1%2%14
- €0L00LLL 6£85¢¢CL SYeror

9¢ClL €0L00LLL gevsecet (01595214
- €0L00LLL 8G89¢cl 0v6E9Y
- - ov8sccl L06€9Y

GGl €0L00LLL 8€99¢clL €LLE9Y
- €0L00LLL solLseel L€9€9Y

g'Le €0L00LLL ovoveel 026€9Y
- €0L00LLL 809¥cclL €00¥9t
- €0L00LLL gllgeel 719€9
- €0L00LLL yeeveet (244%°14

vy €0Lo0LLL colveel CEVEIY

1494 €0L00LLL gsooect 0€8€9Y
- €0L00LLL olooect 0GS€E9Y

L'yl €0L00LLL 0oescel (0144%°17
- €0L00LLL geeoect [AA%)4
- €0L00LLL 8¥90¢€¢CL 606€91
- €0Lo0LLL g0.L0¢€ct [AT4%%)4

L'0C €0L00LLL 0€L0€ct S06€9Y
- €0L00LLL 2¢090¢€ct €€LE9Y

vel €0L00LLL GgG80¢ect GELEIY

514 €0L00LLL G6G/l0¢ect 14450 4

6'vv €0L00LLL 8G90¢€¢CL 8ELEIY
/c €0L00LLL 1Gv0€CL [ALTA%) 4
- €0L00LLL Lavlect ¥G.E9Y

L'9v €0L00LLL os6LeCt [AA%°)4

€Ll €0L00LLL gealect €0.E97

(zsenw)  (oamo) nun  (seaubaq) (saa1baq)
ealy o160j01pAH apnjibuo apnjien

abeuleiq

"HSVYM “H3LSTHOO0Y HV3IN MITHD NTOONIT
"HSVYM ‘NIATYO 1V ¥3AIE SITVYHIHO
"HSVYM ‘VITVHLNIO LV 3NV 1SH04d
"HSVM VITVHLNIO 1V 43AI- ¥MONHOWNMOOMS
VITVELNID "IN MO d4O4VNVH HLNOS
HVIAOMY "dN MO A4O4dVYNVH HLNOS
"HSVYM ‘YA0OONd JV3IN MITHD AH4O4VNVH
"HSYM ‘YA0oONg JVIN 4O AOOMMIOVd M19 O AHO4VNVH
YaooNngd "dN LNVIdAVYALS ‘AGY MO AOOMMOVd
"HSVYM ‘YAOONg ¥V3IN YITHD AOOMMIVd
HVIAOM "dN 3ALIS ONININ ‘AGY MO AOOMMIVd
YAooNgd "dIN MO J3AANS ‘M19 MO AHO4VNVYH
"HSVM ‘YAOONd YN M3FHO YIAANS AGV MIFHO AHO4VNVH
Yaoond "IN MO VOO ‘AgV 'MO A4O4dVNVH
VM VITVHLNIO dN MIFHO AHO4VNVH
"HSVYM ‘YA0oOoNg JV3N H3IAIE ¥ONHOIWNMOONS
"HSVM ‘YAOONd "V3IN AHVLNGIdL d Y¥ONHOWNMOOMS
"HSVM ‘VITVHLNIO N "0 NY Ad19 M9 ¥ YONHOWNMOOMS
"HSYM VITVHLNID ¥VIN H3AIE YONHONNMOOMS
"HSVYM “TIVA JV3N H3IAIE ¥ONHOWNMOONS
"HSVM ‘VITVHLNID 1V H3AIY SITYHIHD
"HSVYM ‘VITVHLNID ¥V3AN MIFHD ¥3Z1VS
VM ‘SITYHIHO 1V dLMM 1V ¥3AIE SITYHIHO
"HSVM ‘SITVHIHO 1V d43AI- WNNMNVYM3N
"HSVYM ‘SITVHIHO YN H3AIE WNMNVYM3N
"HSVM LSTHOL 1V "H3IAIE WNMNVYMIN 4°'N
"HSVM LSTHOL JVAN JIAIE ANMNYMIN ¥H04 HLHON
VM 1STHO4 UN 4O "v3g gv d3AIE NNMNYMIN ¥H04 HLHON
"HSVM ‘LSTHOL 1V ¥3AIE WNMNVYMAN '4°'S
"HSYM ‘WISVYIVNO 1V IMVT I1SITHVO
"HSVYM ‘WISYTVYNO HVAN H3IAIEY WNMNVYMIN MH04 HLNOS
"HSVM ‘SITVHIHO YN "3AIY SITYHIHOD
"HSVM ‘VYNAV dV3IN M3THO SNYVALS
VM ‘ININAVAVYN UN MITHO SNHVILS
"HSYM ‘YNAV LV "43AIE SITYHIHO
dIMNNE "IN HLNOW "IN "™MO 4334
HIMNNEG "IN 'MO NOSHVO '‘AgV MO d33d
VM ‘YNAVY 9N M3THO0 J3INNG
VM ‘YNAV ¥V3N d3AIE SITYHIHO
VM 1H041S109 °N MIFHD AVMATVH
"HSVYM 19041S109 1V H SITYHIHO MH04 HLNOS
"HSVYM 19041S109 dvaN H3AIE SITYHIHO MH04 HLNOS
VM ‘AOOMATIM ¥V3AN H3AIY SITYHIHO MY04 HLNOS
"HSVYM ‘QVvAYd 1V J3AIY SITYHIHO
"HSYM ‘ALOQ ¥V3AN YIFHO M13
"HSVM ‘ALOd dVAN H3AIE SITVYHIHO
aweN uoiels

0004¢0¢C1
0049¢0¢1
§199¢0cL
0099¢0¢C1
0459¢0¢C1
0959¢0¢1
0659¢0¢1
¢¥5920¢l
0159¢0C1
G€59920C)
€€6920¢C1
0€59¢0¢1
8069¢0¢CL
¥0G9¢0C1
00692¢0C1
00¥920¢C1
00€920¢Ct
0G19¢0C1
00092¢0CL
00.G20¢C)
00§G20C1
00€G20Ct
001Gc0cL
0205c0cL
000520C1
028v20cCL
00Sv20Ct
00¥¥cocl
001L¥c0cL
650¥20C)
000¥20CL
005€20Ct
000€c0Ct
00G¢coct
06¢eeoct
060220C1
050cc0oct
000ccoct
0081Lc0cl
00G1c0cL
0001c0ct
006020¢C1
0080¢0¢Ct
G95020C)
005020C1
0000c0Ct

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-34



Hydrology

Chapter 2

clLe

(zsanm)
ealy
abeuleiq

70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
90L00LLL
70L00LLL
70L00LLL
70L00LLL
€0L00LLL
70L00LLL
70L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
0Lo0LLZL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0Lo0LLL
€0L00LLL
0l00LLLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
€0L00LLL
(oamo) yun
o160j01pAH

Llegect
oeLeect
0g9cect
L06€€CL
ooeeect
808¢ceCL
Legeeet
glogeet
clogect
glieeet
1,€62¢€CL
ocleeet
geseect
0cecect
0oscect
sveeect
00ceeel
cv8cect
ovveeet
LLeeeel
olleeel
1GSLECL
gvgLect
gegLect
ocLLect
gelLieet
glalect
GgeglLect
Leglect
gosLect
g8celect
oclieet
ookieel
yys0eCt
90L0€cCt
€Ggseel
1251444
oclLoect
0ocoect
9180¢€cL
00v0€CL
geesecet
giLogeel
¥0c0€ct
ovcoect
6750€CL
(se@a1baq)
apnjibuo

¢0.0.L¥
SvolLLYy
CIXAYAY
YASYAWA4
0002.¥
8ccely
0scely
80€C.LY
Sv.G9¥Y
€699
€000.¥
€€Cc0Ly
0881 LY
0LS0L¥Y
0v.20.Lv
0v60.¥
Sv60.LY
€¥8G9¥Y
9G68G9Y
21004y
0€L0LY
LGE0LY
L19G9%
G969y
004597
SLySoy
0€2e9¥y
G0CSe9¥y
LG6V9Y
1421214
8L6¥9¥
L16Y9¥Y
00679
LyEG9Y
€GS9
615959
€EVGoY
0L¥G9¥y
0S¥59¥Y
162°1%2%14
00679
05679
GClyov
YE9Y9y
(ST474%°1%
9€SY9Y
(se@a1baq)

apnjne

"HSVYM ‘ONVSILNOW HVAN MITHD NOSHIANY

"HSVM ‘ONVSILNOW HVAN HIAIY IIHOOONAM

"HSYM ‘TIVASIYD ¥VIN MITYD ¥YIJIVHOS

VM ‘NIZAYI gV 4N ‘MITHD IAVS AV HIAIY IIHOOONAM

"HSVYM ‘NIIA¥3IgV YN ‘MOFGXO0 1V Y3AIY ITHOOONAM

"HSVYM ‘31vASIYD YVaAN Y3340 919

VM ‘3TvASIED YN ¥3IAIY IIHOOONAM

VM ‘TTVASIYD YVAN INVT ITHOOONAM

VM ‘ONVSILNOW HVIAN HIAIY SITVHIHD

"HSVYM'dOSLVS ¥VaAN Y3IAIY SITVHIHO

VM ‘dOS1VYS "V3IN Y3IAAIY dOS1VS

"HSVM ‘dOS1VS "V3IN YIAAIY dOS1VS MHO4 1SIM

"HSYM ‘MOOTLYIN N AYMVLNGINL AlY dOSLVYS MH04 1SaM

"HSVYM ‘dOS1VS ¥VIN ¥3IAIY dOS1VS MHO4 31aaiin

"HSVYM ‘VINT3 ¥VAN Y3IAIY dOSLVYS MHO4 1SV

"HSYM ‘MOOTLYIN YN HO WVHONIF

"HSYM ‘MOOTLVYIN ¥N H3IAIY dOS1VS MH04 LSv3

"HSYM ‘437104 L1V ¥3IAIY dOSLVYS AGY Y¥3IAIY SITYHIHD

"HSVYM ‘VINT3 HLNOS 1V ¥3AIY SITYHIHO

"HSVM ‘VINT3 1V "3AIE WNTTYNDO1D

VM ‘VINTT ¥V3AN Y3340 1vOalimM

"HSYM ‘AYVYITOOW 1V YITHD 1vOd1IM MH04 LSv3

"HSVYM ‘¥3140d 1V Y3AIY SITVYHIHD

VM “H3180d 1V 2L AMH "S'N 1V ¥0 ¥3140d

"HSVM “Y31H0d 1V M3FHD ¥31H0d

"HSVYM “Y3140d "VaN M3IHD NOSaID

"HSVYM ‘TTTIAMVYO "VY3N Y33FHD °va3ao

"HSYM ‘TTTAYVYAID LV MITFHD MO0Y

"HSYM ‘TTTAMVO VAN ¥3IAIY SITYHIHO

VM ‘TTTAMYO ¥N 4O (QOHHVYD) AUVHYVYD

"HSYM ‘TTTIAMYO HVaAN HLNOW HVIN HIAAIE MOv1d

"HSYM ‘TFTTIAMYO "VIN YITHD ILLIAVTIIM

"HSYM ‘TTTAMVO ¥VAN Y3IAIY MOv1d

VM ‘MO0YITLLIT ¥VIN HLNOW ¥VIN MIIHD TN

VM ‘MOO0YITLLIT 1V MIATYD YIAVIL

"HSYM ‘NMOLAVIA ¥V3IN IMV1 L100S

"HSYM ‘NMOLAVIN ¥V3N IMV1d33a

"HSYM ‘MO0¥ ITLLIT 1V ¥IAIY MOV1g

VM Y00d F1LLIT YN MIFHD T13AvVM

"HSVYM ‘TTTIAMVYO YN ASTH NVIANI 1V ¥ SITVHIHD

"HSVYM “Y3LSIHO0Y UVIAN MIFYD ¥3LIVOS

"HSVYM ‘ANNOW ANVYHO YVIN MIFHD ¥3L1VOS

"HSYM ‘ANNOW ANVYYD ¥VIN MIFYHD J1™Ived

"HSYM ‘ANNON ANVYDO ¥VIN Y¥3IAIY SITYHIHO

NIATYD "9N MO NTOONIT

NIATYD "9N MO HOYIFNINOCS ‘AGY MO NTOONIT
aweN uonels

0G99€0¢C1
0059€0¢C 1
00¥9€0C1
0009€0C1
00SG€0C)
0G¥5E0CL
00¥5€0CL
08€5€0CL
001G€0CL
¢005€0¢!
0005€0C)
008¥€0C1
00.v€0CL
00Gv€0CL
00¢vE0CL
000¥€0CL
005€€0C)
§goeeenct
000€€0CL
006¢€0CL
000ce0Ct
0681€0C1
0ooLeoct
0G60€0C1
0060€0C1
0G50€0C)
00S0€0C )
0000€0CL
004620C1
00662¢0C1
0lee6eoct
¢0c6c0ct
00¢620CL
0G162¢0C1
090620C1
050620¢C1
GL06¢0Ct
0006¢0¢C1
0068¢0¢C1
020820C1
050820¢C1
000820¢C1
06G/2¢0¢1
0052¢0¢C)
0c¢clecoct
001.2c0ct

ai-8us

Page 2-35

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

Sy
vl
ovl

9/
¥9¢
1.0
L'v.

Ge
G0
99°0

0ct
9L’

oLz
8'/S
08l
GGl
cel
(zsanm)

ealy
abeuleiq

L0L00LZLL
10L00LZLL
10L00LZL
10L00LZL
L0L00LZL
10L00LZLL
10L00LZLL
10L00LZL
10L00LZL
10L00LZL
L0L0OLZLL
10L00LZLL
10L00LZL
10L00LZL
10L00LZL
10L00LZLL
10L00LZLL
10L00LZL
L0L00LZL
10L00LZL
c0L00LLL
c0L00LZL
c0L00LZL
c0L00LZlL
c0L00LZlL
c¢0L00LLL
c0L00LZL
c0L00LZL
c0L00LZlL
c0L00LZlL
S0LOO0LLL
S0LOOLLL
SOLOOLZL
S0LOOLZL
G0LOOLZL
S0L00LLL
S0LOOLLL
S0LOOLZL
70L00LLL
70L00LLL
70L00LLL
S0LOOLLL
70L00LLL
70L00LLL
70L00LLL
70L00LLL
(oamo) yun
o160j01pAH

oseLvel
yeeLvel
creLvel
6ceLvel
yacLyel
C1d1574"
veLLvel
8cLovcL
00sLvCL
Ggesovel
L1s0vcL
124074
6EVOvCL
evvovel
clyovel
ceeorel
osLovel
€vesect
c0esect
90.¥€CL
gGeLvel
2s8Lyvel
(0[0121 74
ov.iLvel
GeaLvelL
8G8LYCL
Llesect
gresect
gecleect
yrA%574"
olesect
olesect
c¢e8sect
8€/5¢€CL
€cosect
0slLyect
gegsect
gecesect
gesyeet
olovect
609¥€CL
0cLyeet
ooecect
glecect
Sliveel
VAR %54
(se@a1baq)
apnjibuo

9e8Y.LYy
€GLY.lY
Ev8v.Ly
Ev8Y.LYy
9G8Y.LY
6l6v.LY
6l6v.lY
1441774
T4 A%
LZ8v.ly
14%°17A%
1%°17A%
L18VLY
VA1 A%
Yy8v.ly
LE8Y.Y
968V .Y
Ge8yly
102Gy
00vS.v
oeceLy
Llcely
SvveLy
00S€LY
8GCELY
LVlely
8clcly
GG0cCLYy
rSELY
ceEVLLY
GG80.Y
0¥80.¥
yeeLLY
8YELLY
cveLly
0€8c.LYy
¥Ze0Ly
G0€0LY
61859
0¢v0Ly
0cv0LYy
GE90LY
Ge00LY
¢v00LYy
001L04¥
yyv0Ly
(se@a1baq)

apnjne

"HSVM ‘SYHO4 IN HLNOW 1V Y33HD a13I4NIM

VM ‘SUH04 ¥V3AN MIFHD d13IdNIM

"HSVM ‘SYH04 UN HLNOW 1V Y3340 ¥3a1v

"HSVM ‘SYHO4 4N 081 I TN 1V ¥3AIY HOH

"HSVM ‘SYH04 UN HLNOW 1V M3TFHO M13

"HSVM ‘SYHO4 IN HLNOW 1V MITHD AGHONOTTIM

"HSVM ‘SMH0O4 UN 0°02 3TN 1V 93AIE HOH

"HSVM ‘SYHO4 N 02 ITIN J3AIY 1V 93AIE HOH

"HSVYM ‘SHH04 ¥V3N d3AIY HOH

"HSVM ‘SYHO4 IN HLNOW 1V Y3340 TVIASId

"HSVYM ‘SYH04 UN HLNOW 1V Y3340 I1dVIN

"HSVM ‘SYHO4 IN HLNOW 1V MIFHD I0NHdS

"HSVYM ‘SYH04 UN HLNOW 1V Y3340 TMO

VM ‘SUH04 ¥V3aN MIFHD IMO

"HSVYM ‘SYHO04 ¥V3IN HLNOW 1V M3THD NOANVYD

"HSVM ‘SYHO4 dV3aN #82 3TN LV Y3AIH HOH

"HSVM ‘SYH0O4 dVv3aN 0°0€ 3TN LV Y3AIY HOH

"HSVM ‘SYH04 dV3IN "3AIY HOH MH¥04 HLNOS

"HSVM ‘SYH04 dV3IN MIFHD NOL "LIN MOTIG ¥3AAIE HOH

VM ‘SHH04 ¥V3IN HOH INV1

"HSVM ‘S133N0 1V ¥Y3AIE S133ND

"HSVYM HI1LVMEVYITO dVaAN "93AIE S133N0O

"HSVM ‘S133N0O YN H3AIY H3LYMAEVYITO

"HSVYM HILVMEVYITO UN 3N ¥3LVMEVI 1O

"HSVM ‘S133N0D UN Ald H31LVYMEVYITO AGY H3AIY S13IND

"HSVM ‘S133N0 "VAN "0 ANIVYH M9 93AIN L4vY

"HSVYM ‘IMVYT LINVYNIND 1V Y3AIE LTINVYNIND

"HSVYM MHVd VANVINY JV3IN MITHD AT1OIH

"HSVM M¥Vd VANVINY JV3IN d LTNVYNIND MH04 HLYON

"HSVYM ‘SdITOOIN 1V ¥3AIY SdITOON

"HSVYM ‘NVINDOH "YV3AN AYVLNEIYL M3THO 9OId

"HSVYM ‘NVINOOH YV3aN Y3340 919

VM ‘SdITNLdINNH YN 101 AMH MOT39 ¥3AIE SdITNLdWNH

"HSVM ‘SdITNLdNNH LV Y3AIY SdITNLdNNH

"HSVM ‘SdITNLdINNH ¥V3N Y3AIY SdITNLdNNH

"HSVYM LINVYNIND "v3aN Y3THD NOSHID

"HSYM ‘NVINOOH YN ¥ NOS10d M19 Ald WYINDOH 4 M

"HSVYM ‘NVINOOH ¥V3AN H3AIE AWVINOOH MHY04 LSIM

VM ‘WVYINOOH LV H3AIY HYMHSIM M9 J3AIY SITYHIHO

VM ‘HYMHSIM dvaN dvVOd HYMHSIM 8V 93AIY HYMHSIM

"HSVYM ‘NIAAH3GV UN MHO4 1SV3I AGV Al HYMHSIM

"HSVM ‘HYMHSIM HV3N H3AIEY HYMHSIM

"HSVYM ‘ONVS3ILNOIN ¥N dD MOv19 M19 Ald IFHOOONAM

VM ‘ONVSILNOWN ¥N HO MOV19 IA0GV HAAIHY IFHOOONAM

VM ‘ONVSILNOW "N INVLNI d IFHOOONAM NIFAHIGVALD

"HSVYM ‘ONVSILNOW ¥N dD INT13H M19 Ald IFHOOONAM
aweN uoiels

04111021
0911v0CL
ovlivoct
0cLivoct
0cLivoct
OLLLvoct
00L110CL
00l v0CL
000Lv0CL
066070C1
G860%0C1
G96010C 1
0960%70C1
0S6070C1
0v60%0C1
0€60¥0C1
0L60%0C1
0060%70C1
00£0¥0CL
0890¥0C1
0090%0C 1
00S0+0C1
¢00010¢l
0000%¥0CL
0066€0C1
0256€0C1
00S6€0C1
00¥6€0C1
00€6€0CL
02¢c6E0C1
0016€0C1
0506€0C1
§G006€0CL
€006€0C1
0006€0C1
0G/8€0¢C1
0LG8€0CL
0068€0CL
00¥8€0CL
0018€0CL
G008€0C)
0008€0C 1
005.€0¢1
00¥.€0CL
000£€0C1
0089€0¢C 1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-36



Hydrology

Chapter 2

€G6¢
(zsanm)
ealy
abeuleiq

L200LLLL
10L00LZLL
0co0LLLL
Lc00LLLL
L200LLLL
L200LLLL
Lc00LLLL
10L00LZL
10L00LZL
10L00LZL
L0L0OLZLL
10L00LZLL
10L00LZL
10L00LZL
10L00LZL
10L00LZLL
10L00LZLL
10L00LZL
L0L00LZL
10L00LZL
10L00LZLL
10L00LZLL
10L00LZL
10L00LZL
L0L00LZL
L0L00LZLL
10L00LZLL
10L00LZL
10L00LZL
10L00LZL
10L00LZLL
10L00LZLL
10L00LZL
L0L00LZL
L0L00LZL
10L00LZLL
10L00LZLL
10L00LZL
10L00LZL
L0L00LZL
L0L00LZLL
10L00LZLL
10L00LZL
10L00LZL
10L00LZL
L0L00OLZLL
(oamo) yun
o160j01pAH

1Geevel
805ctel
6G9¢vCL
8eeerel
8ELEVCL
VASYAR 44
ocLevel
8cleveL
gelevel
cLlevel
y00¥¥CL
soovvel
9c8erel
L18evel
€08l
S[0VA% 74}
ceeevel
0Ggeevel
Syeevel
6eCEYCL
679¢vCL
oeeerel
Lelvel
Gevevel
6llevel
oolevel
leeevel
8G/cvel
8vecvel
gGeevel
0GsoreL
gelsect
8cls¢ect
qllyect
eyacyvel
0cserel
8Gvcrel
oveerel
6Glcvel
LG0CvCl
aleLvcl
soocrel
LG8lvcl
c0LLvel
Ly9LvelL
6SVLYCL
(se@a1baq)
apnjibuo

ocri8y
1434514
8€918Y
YRAYA 14
LLcesy
€cLesy
9clLesy
9G6G18Y
GGel8Y
14244514
€1608Y
¢L608Y
GEVGLY
9EVGLY
¢0SS.v
0csS.Ly
velSlYy
GG/GLlY
0L6G.LY
LLvSLly
¥09G.¥
YASYASYA4
611Gy
0vSS.Ly
ovesLy
SleTAYA4
114 VA4
G0.G.lY
L06S.LY
G108y
00¥08Y
G208y
0c08Yy
1GSV.ly
8Gvv.ly
Svyvly
cevvly
0Svv.ly
(V%47A%
ccvvly
L0Sv.lYy
L0Sv.LYy
1417A%
LOLvLY
CLivly
Ge8yvly
(se@a1baq)

apnjne

VM ‘NIM3S YN ¥3IAIY OMOH

"HSVM ‘NIMIS UN g1-L YIAIE OMOH

"HSVM ‘NIMIS ¥VAN HIAIE NIMIS

HSVYM'AVE HYIN dN Y¥3AIY 1IVS
HSVM'AVE HV3N 1V ¥0 FDVTIIA

HSVYMAVE HVY3N LV 43AIY HOLVVM

HSVYM'AVE HVY3N 1V 4O 13XNONA3 M19 d HOLVVM
HSVM3L13Z0 YN ¥O "3 TN M9 o S300S

HSVM 311370 "V3IN M3TFHD MONHOITId
HSVYMIL13ZO YN ¥O MONHOTId gV d¥3AIY S300S
HSVM3L1370 1V ¥3AIY 311370

HSVM ‘311370 1V IMv13L1370

"HSVM ‘HSNdVT LV 0°0 ITIN ¥3IAIY 1V "d ILNAVTIIND
"HSVM ‘HSNdVT LV 2°0 ITIN ¥IAIY 1V "d ILNAVTIIND
"HSVYM ‘HSNdV1 1V "43AIY FLNAVYTIIND

"HSVM ‘VHOW L1V H3AIY AFMOIA

"HSVM ‘HSNd VT ¥N H0 AG1700 gV ¥ A3MOIA

"HSVM ‘HSNd VT YN d A3MOId

"HSVM ‘HSNd VT VAN H3AIY AIMOId YOS LSV
"HSVYM ‘HSNdV1 YN ¥ 13IHOVO04

"HSVM ‘SYH04 UN HLNOW LV ¥ HYMVY VO

"HSVM ‘SYH04 UN ¥ HYMVYTVOD

"HSVM ‘SYHO4 ¥VIAN AYVLNGIYL ¥3AIE WNOLIS
"HSVM ‘SYHO4 ¥VAN Y33HO ¥3AVHED

"HSVYM ‘SYHO4 YN ¥ 13IHOVO04

"HSVM ‘SYHO4 VAN MITHO AVIN

"HSVM ‘HSNd V1 8N HLNOW 1V d ¥ONA310S

"HSVM “FLNAVTIIND ¥N ¥ ¥ONA310S

"HSVM ‘SYH04 1V L0 AMH 1V ¥ YONA310S

"HSVM ‘SYHO04 dVaAN ¥3IAIY YONAIT0S

"HSVM “43AV3AE "V3AN ¥ YONA310S

"HSVM ‘WTOHYIVA ¥VIN AYVYLNGIYL ¥3AIE MONATOS
"HSVM ‘WTOHYIVA V3N H3AIY ¥ONA310S

VM ‘SMY04 dV3IN IMV1 ANNOY

"HSVM ‘SYHO4 9N 9°0 ITIN LV §3AIY HOH

"HSVYM ‘ASTH HOH “H3LNID'WNOD 1V HO LYV IVHO
"HSVM ‘ASTH HOH LNV 1d INFWLVIHL 1V HO IVVIVHO
"HSVM ‘SYH04 ¥N € 3TN LV ¥3AIY HOH

"HSVM ‘SYH04 ¥N €% 3TN LV §3AIY HOH

"HSVYM ‘SYHO4 YN 39aAIdg L0l AMH LV Y3340 NIAvyd

"HSVM ‘SYH0O4 UN 390149 L0l AMH 1V Y3340 NV1ON

"HSVM ‘SYH0O4 4N 29 3TN LY Y3AIH HOH

"HSVM ‘SYH04 N 6°8 3TN LY Y3AIY HOH

"HSVM ‘SYHO4 N HLNOW 1V M33FHD LSO

"HSVM ‘SMHO4 UN 021 3TN 1V ¥3AIY HOH

"HSVM ‘SYH04 JV3AN L0l AVMHOIH 'S'N 1V ¥Y3AIY HOH
aweN uoiels

00€€Y0CL
042€v0CL
G61EY0CL
061Ev0CL
981Ev0CL
9.1E¥0CL
€LLEVOCL
€91€v0CL
6G1EY0CL
9G1LEVOCL
0G1LEYOCL
6v1LEVOCL
Gelevoct
€CLeEYoCt
0cLevoCt
€0LEVOCL
L0LEYOCL
00LEY0CL
080€v0CL
GLOEYOCL
€00€¥0C)
000€¥0C L
0¢6¢v0CL
006¢v0CL
008¢v0CL
0042v0CL
€0G¢v0Cl
00G¢v0CL
00¥2v0CL
00€2r0CL
0002¥0CL
0091v0CL
00GLv0CL
0S€LY0CL
0G¢1v0CL
124344"
0€CLv0Ct
9¢¢Lv0ct
€cclyoct
0cclLvoct
ATAS 4"
1434344’
[A4%4544"
60cCLv0CL
90¢1Lv0CL
00¢1v0CL

ai-8us

Page 2-37

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

L8
98y
640
¢6'0
142
A
L€l

(zsanm)
ealy
abeuleiq

0c00LLLL
0c00LLLL

0200LLZLL
0200LLLL

0c00LLLL

0c00LLLL
0c00LLLL

0c00LLLL
0c00LLLL

0200LLLL

0c00LLLL
0c00LLLL
0c00LLLL

Lc00LLLL
L200LLLL
Lc00LLLL
Lc00LLLL
Lc00LLLL
LC00LLLL
L200LLLL
Lc00LLLL
Lc00LLLL
Lc00LLLL
LC00LLLL
L200LLLL
(oamo) yun
o160j01pAH

L0ggect
L0ggect
90eeect
oveeect
oceeect
zeeeect
9Gseect
geveeet
alyeeet
1G62¢€CL
cLoeect
geveect
Leseect
ceseect
yGeeect
gGeeect
809¢¢ecCt
zeeeect
90LveCL
yeeeect
,0s€ect
glgeect
ceseect
yeveeel
LoLeech
clgcect
yG/lcect
yv9cect
90/¢c¢ect
ocLcect
yelzect
gcleeet
gGgcect
9cecect
ceeeect
(0401254
oeLvect
60L¥ECL
qo8vect
geecsect
£e9s¢ect
€ceorel
ovelLvel
olsLyel
6llevel
ollevel
(se@a1baq)
apnjibuo

€G908Y
05908Y
02908¥
8G508Y
0vS081
¢rS08Yy
L€08Y
9G€08Y
87€08Y
01208y
9¢e08Yy
8L€08Y
6€008Y
8G008Y
91008¥
80008Y
¥G8G.Y
L16G.lY
€V8G.LY
GEBSLY
€86y
€C8G.LY
€18G.lY
¢clSly
919Gy
8LcGlYy
SvLGlY
9e8Y.LY
LEIVLY
8GSV.y
6S9SY.LY
GeESY.LY
cvvvily
9EYv.LY
VEVV.LY
0v.,08Y
GeS08Yy
€€008Y
00€08¥
0ce08y
67608
€cLi8y
Glol8y
Gcel sy
82918¥
141314
(se@a1baq)

apnjne

VM ‘STTIONY LHOd dvaAN NOISHIAIQ 1V H3IAIE YHM 13
VM ‘STTIONY LHOd dN I9didd 2Lk AMH dT0 1V J YHM13
VM'STTIONY 1H0d ¥VIN AVA YHMTI MO 139 ¥3AIE YHM 13
VM ‘STTIONY LHOd "VAN ZLL AVMHOIH 1V 9L A3NVNNN
VM ‘STT1FONY 1HO0d H¥V3IN H3IAIE YHM13
VM ‘STTIONY LHOd "V3AN T1AMATY INV1
VM ‘STTIONY LHOd dvaAN YITFHD NVIANI OL 9idL A3INVNNN
SITIAONY LHOd dIN o F1LLIT M9 d VHMTE
VM ‘STTIONY LHOd ¥N A SONIEdS LOH A10 1V o I1LLIT
VM ‘STTIONY LHOd dvaAN YIFHO NIMOD
VM ‘STTIONY LHOd dvaAN H3IAAIE ITLLIN
"HSVM ‘STTIONY Ldd UN H9 ATVYNOAOW 1V H3AIE YHM 13
SIATIADNY LHOd dVAN F0dldd FHIVLIV LV 43AIE VHMT3
VM ‘STTIONY LHOd VAN SH YM13 1V MFFHD NId4IED
VM ‘STTFONY LHOd UN FOVO HIMIL LTddMd STTIN IMVT
VM ‘STTIONY LHOd "VAN ‘NOANVYD SANITO LV STTIA IMV
VM ‘STTIONY LHOd dvaN MITFHO ¥3Ad1N04d
VM ‘SONIYAS LOH OIdINATO ¥V3AN MIFHD ¥vONO0D
VM ‘SONIYS LOH OIdWATO ¥VAN MITFHO TVLSAHO
SIATIAONY LdOd "N STTN IMVT LV ¢ LIS V113d d YHM 13
VM ‘STTIONY LHOd dVAN MITFHO INVIIHENH
STTIAONY LdOd "N STTAN IMVT LV L LIS V113d d YHM13
VM ‘STTIONY LHOd VAN STIIN INVT IA0GY HIAIE YHM 13
VM ‘STTIONY LHOd ¥N FLYO SNITIOD dVvaAN H3IAIE VHM13
VM ‘STTIONY LHOd VAN HIALTIHS 1V H3IAI NVIT1I1
VM ‘STTIONY LHOd dVAN SH NHOHM 1A LV H3IAIE YM13
VM ‘STTIONY LHOd dVAN SH NHOHM 13 ¥Vv3aN H3AIY 1SO1
VM ‘STTIONY LHOd UN SH STAVH dN HIAIL STAVH
VM ‘STTIONY LHOd dN H3ATIM dAVD HN 9IidL AINVNNN
VM ‘STT1FONY 1H0d "dVIN MITFHD YHLITT
VM ‘STTIONY LHOd dVAN H3IAATM dAVD L1V H3IAIE YM13
VM ‘STTIONY LHOd dVAN MITHO NIMAOD
VM ‘STTIONY LHOd "dVvaAN YITFHO ISHOHONIMONG
VM ‘STTIONY LHOd dVIAN MITFHO JLVIS
VM ‘STT1FONY 1H0d €N HO J1VIS gV H3IAIE YHM13
VM ‘STTIONY LHOd "V3IN MIFHD 1TvVS
"HSVYM LNOWQA3Id 1V H3AIE FHAT
VM LNOWQA3Id ¥V3AN IMV1 AddVH
VM LNOWA3Id 4V3IN AYVLNGIFL INFOSTHO MV
"HSVYM ‘WTOHYIVH YN HO SSOHD
"HSVM ‘LHSAd "V3N H3AIY NIML 1Sv3
1HSAd dN H LHSAd
HSVYM ‘OHddVS UN ¥ 1HSAd
"HSVYM ‘AvE WY TTV1D VAN H3AIE AVTIVIO
NIM3AS "IN "d OMOH
NIM3AS UN d OMOH JT1LLIT AV d OMOH

aweN uoiels

092910C1
0G29r0CL
0019%0CL
060970C1
0009v0C1
006G¥0C1
065G10C 1
095G10CL
0GSG10C1
GesGv0ct
025Gv0C1
005G¥0C1
00¢sv0CL
0S1G¥0C1
001G¥0C1
000G+0C1
0G6v10C1
0v6¥¥0CL
0€6vv0CL
0c6v10CL
GLevv0Cl
olL6y¥0CL
006¥¥0CL
098vv0CL
GZ8yi0CL
008¥¥0C1
06.vv0CL
G691¥0CL
0691v0C1
G89Y10CL
089v¥0C1
GL9vv0CL
SLovv0CL
0L9vv0CL
0097¥0CL
00Sv¥0CL
000¥¥0CL
00S€V0CL
0.¥Ev0CL
0S¥EY0CL
0EveEYOCL
00¥EYOCL
GOEEYOCL
0G€CY0CL
0€ECYoCL
Y0€EYOCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-38



Hydrology

Chapter 2

(zsanm)
ealy
abeuleiq

6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
0co0LLZL
0co0LLZL
0co0LLLL
0co0LLLL
0co0LLZL
0co0LLZL
0co0LLZL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLZL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLZL
0c0o0LLLL
0co0LLLL
0co0LLLL
0co0LLZL
0co0LLZL
0c0o0LLLL
0co0LLLL
0co0LLLL
0co0LLZL
0co0LLLL
0c00LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLLL
0co0LLZL
0co0LLLL
0co0LLLL
(oamo) yun
o160j01pAH

8G8¥cclL
0cvveel
ceeveet
caevect
ce9vect
ceovect
geavecet
14 VA L4
closeel
goesect
0ogseel
oleseet
ovesect
goooect
geooeet
6le0eCt
8croect
1GS0€cCL
LcL0€ch
ov.,0€CL
6£80€CL
1280¢€ct
¥G80€CL
Ly80€CL
8G80¢€CL
oleocct
Sv80eCt
glgoect
€6/0¢€cCL
oecoect
cogLeet
gLzieet
csalect
1G0¢cect
6cveect
gGeeect
oveeeel
0coceel
oveeeet
Lleeect
8ceeect
oseeect
oleeeet
yoeeect
8Gceect
9oeeect
(se@a1baq)
apnjibuo

80¢G.Y
9cev Ly
GeCaly
¢0SS.v
2ec08y
15108
128G.Yy
€G9S.Y
0S€08Y
G16S.Y
GE9G.LY
G296y
068G.Y
0v008¥
0€108¥y
10S08Y
GL908Y
8€.08Y
07808Y
0v808¥
21808Y
1¢L08Y
8G908Y
80508¥
Yev08Yy
€re0sy
0€208Yy
92108Yy
2¢S008Y
G1GS.lv
0€.08¥
60.08Y
00S08Y
11208¥y
L¥9S.ly
02908Y
G29o08Y
01908Y
1G808Y
0v808¥
00608Y
1808Y
GG908Y
¥G908¥
¥G908¥
8G908Y
(se@a1baq)

apnjne

VM ‘609VvA "V3AN AvOod 909vaA 1V M33H0 00gdvL

VM LNIOd HLNOS YN Y IMAANHOHL 1V 40 IMAANHOHL

VM ‘INIHS dV3N 701 AVMHOIH 31V.LS MO139 Y3340 INIHS

VM ‘MOTANT LY0d dV3aAN STIv4d IA0EY MIFHD MOT1dN1

VM ‘FTIVANOHI 1V @Y 3TvANOHI AGY 40 WNOVINIHO

MOOT1AVH 1V "d0 WNIOVINIHO

"HSVYM ‘WNOVINIHD ¥N Y3340 NNOVINIHO

VM “H3LINTO 1V ¥ ATTIVA "M M19 8O WNIOVINIHO

VM ‘FTVANOHI ¥N A AYIN0DSIA 'S 1V ¥0 ISVHI AATHO

HSVYM ‘SYONN 1V 40 MONS

VM ‘QH9VYNAVYIN 9V3IN MITHD SMIHANY

"HSVM ‘QHVYNAVIN 93N M33H40 MONS

VM ‘QHVYNAVIN 9V3IN MITHO NOWTVS

VM ‘NATE dV3IN MITFHO ATFLYTINODANNIP

"HSVYM ‘NATE 1V M3THD Nv3d

"HSVYM ‘WIND3S ¥VAN Y3340 1134

"HSVYM ‘WIND3S JV3AN MIIHD NIH3IO

"HSVM ‘SSINTONNA H¥VIAN MIFHD AYITYSSVYO

"HSVM ‘SSINIONNA 1V ¥IFHD MOOdaMOavan

"HSVM ‘SSINIONNA LV "3IAIY SSANIONNA

"HSVM ‘SSANIONNA VAN MITFHD ILLOIF1IVIN

"HSVM ‘SSINTONNA "YV3AN MIFHO adnH

VM ‘SSINTONNA YN IOAidd ¥O0OAOOM LV d SSINIONNA

VM ‘NINDIS "VvaAN 39AIdg HY LV 43AIY SSANIONNA

9d0dSTdVO dN dd L0l AMH LV d SSINIONNA

VM ‘©94049STdVvO JIN SMOAVY3AIN SSINIONNA 1V d SSANIONNA

VM ‘NINDIS YN MITHD NOANYOD MO139 d3IAIY SSINTONNA

"HSVYM ‘WIND3S JV3IN MITHD NOANYO

"HSYM ‘WIND3S ¥VvaN ¥3AIY SSINIONNA

"HSVYM ‘NATE N Y3340 a109

"HSVYM ‘MINOV dV3AN MITFHO ATYNOADN

"HSVYM ‘MANOV dV3IN HLNOW 1V ¥O 143g3IS

"HSVM ‘STTIONY LHOd VAN YITFHO 19393IS

"HSVM ‘STTIONV LHOd VAN MIFHO ISHON

VM ‘STTIONY LHOd dvaAN IMv1rd

"HSVM ‘STTIONY 1HOd 1V M3AFHD S33T

VM ‘STTIONY LHOd dvaAN MITFHO SINNI

"HSVM ‘STTIONV LHOd 1V MIFHD AT TIVA 1LSV3

VM ‘STTIONY LHOd 8N 1d STFTIDNV 1V HONOTS 1SV

HSVYM ‘S3T13ONY LHOd UN 80 00S0d

VM ‘STTIONY LHOd dN 1d STTADNY LV HONOTS LSAM

HSVM S3TIONV LHO0d IN HLNOW dN d VHMT3

VM ‘STTIONY LHOd dvAN NOISHIAIA MO139 HIAIE YHM 13

VM ‘STTIONV LHOd "IN TYNVO NOISIAIQ HIAIE YHMIT

SIATIADONY Ld0d dIN ANOd HSId OL NOISHIAIA JIAIE YHM13

SATIADONY Ld0d IN WA YHMTE 19 NOISHIAIA J3INAIEH VHMNTE
aweN uoiels

00416021
009160¢C1
G65150CL
06515021
06515021
0€5160C1
005160¢C1
0S¥150CL
00c1LS0CL
00LiLsoct
00015021
0050S0¢C 1
0000S0CL
00G670CL
00¥6¥0C1
00¢6¥0C1
0806%0C 1
0106¥0C1
0206v70CL
000670C1
0088¥0C1
0G/8v0C1
0048%0C1
05G98v¥0C1
0098v0C1
0G58¥0C1
0068¥0C1
0G08¥0C1
000870CL
004.4v0C)
0G9.v0C1
0GG.v0C1
00G.v0CL
00€.Lv0CL
0G1.¥0C)
001.v0CL
000.+0C1
008910C1
92¢G9v0C1
€29910C1
025910C1
0LG9v0CL
005910C1
00¥9¥0C1
06€970C1
00€910C1

ai-8us

Page 2-39

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

861
9l’€

€L'¢
lcc
9.0

96l
€9/

969

197}
€8°1L
L'€6
L'€6
[AVAS)
¢80
Sv'e
90°.
G'e8
9'lc
€1lS

G99
9Ll

90
G'€6

799
819
169
v6y
1414
L'€C

(zsanm)
ealy
abeuleiq

8L00LLLL
8L00LLLL

LL00LLLL
L100LLLL
LL00LLLL
LL00LLLL
LL00LLLL
LL00LLLL
GLO0LLLL
L100LLLL

Z100LLLL
L100LLLL
Z100LLLL
L100LLLL
L100LLLL
Z100LLLL
L100LLLL
Z100LLLL
L100LLLL
Z100LLLL
L100LLLL
Z100LLLL
Z100LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
6100LLLL
(oamo) yun
o160j01pAH

oveveel
S0.Lveel
ggoLect
osoLect
€eoLect
oogLect
8v8LeECL
1G8lECL
yyoLeCt
6G81ECL
oeglLect
sveLect
12514454
cevieet
soviect
geriect
oecLeet
9€60¢€CL
/GLLeet
gLLlech
oeeLect
aleLeet
ocelLeet
€velLect
L00cech
Leoceet
gee0ect
0G80¢€cCL
ovvoect
Ggeeoeet
8190¢€cCL
1G90¢€¢CL
L09G¢ecL
,€00€cCt
cgesect
0c9seel
0cooect
6¢80¢€CL
yevseel
0SvSccl
evvseel
cv8sect
ar8secl
olesecet
0€/L5¢cL
lclseel
(se@a1baq)
apnjibuo

0c8cly
SvlLely
Ge8LLY
G08L LY
9€81 LY
qLocLy
Sv6l.LY
6v61 .Y
920c.Ly
8c¢ccly
oLeeLy
€0S¢.ly
Sv9cly
cv6l Ly
cclely
0svely
lcecly
olecly
cseely
ovvely
9Gvely
yesely
Gcsely
¢S0ELY
CcLLeLy
6ECELY
0S0C.¥y
0cvely
olecly
8YCELY
00S€LY
8LGELY
1G8€.LY
€0LvLYy
GClvly
00€VLY
GeevLy
Y0Sv.ly
6E€8Y.LY
ov8v.ly
ce8yly
S0LVLY
VACVA A4
GLOG.LY
0€cs.ly
LISy
(se@a1baq)

apnjne

"HSVM “dIvV4139 "VvaN d3AIF NOINN
"HSVM ‘NOLYINTHG JV3IN H3IAIE NOINN
HSVM HOLV110d "N "0 d3AVIM
"HSVYM ‘NOINN ¥V3N M33HD AQdNd
"HSVM ‘HOLV1LOd "V3AN H3IAIY HSINOMOMS
"HSVM ‘HOLV1LOd "VAN AHV.LNGIE1L MITHD Hi
"HSVM ‘HOLV1LOd dV3AN MITHO JONVA
VM ‘HOLV1LOd N AFAOD dNVO UN HO JONVA
"HSVM ‘NOINN ¥V3IN H3IAIY HSINOMOMS MH04 HLNOS
VM ‘HO1V1LOd ¥N HO MO0Y
"HSVM ‘HOLV1LOd UN H3IAIH HSINOMOMS 4°S
1H0dSAOOH dN "0 dva3aT1 M9 o HSINOMOMS '4°'S
"HSVM ‘LH0dSAOOH YN H3AIY HSINOMOMS '4°'S
VM ‘HOLV1LOd UN H3IAIE HSINOMOMS 4'N
HSVYM ‘HOVT1LOd 4N 4O LHYIOOVLON M19 d HSINWOMOMS 4N
"HSVM ‘LH0dSAOOH "VaAN MIFHD LHIOOVLION
VM ‘HOLV1LOd dN AVA NYINHSND ¥MT 19 "H HSIWOMOMS 4N
VM ‘HO1V1LOd dVv3aN ISNOHYIMOM LV ¥OOLSNId
1H40dSAOOH UN NVINHSND IMVT d3aMO1
"HSYM LHOdSAOOH V3N Y3340 MOd
"HSVM L90dSAOOH dvaN Y3340 MOAVIW ¥33d
"HSVYM ‘190dSAOOH dN H3AIY HSINOMOMS MH04 H1HON
1H40dSAOOH "N NVINHSND aMv1
"HSVM ‘LHdSAH YN SAdd 3SOYLS M9 d HSIWOMOMS 4N
VM 1HOdSAOOH dN ‘SAdY ASYOHIVLS 1V ¥ HSINOMOMS 4N
VM 1H90dSAOOH dVAN IMV1 MOVIrdvid H3addn
"HSVM ‘HOLV1LOd "VAN AYV.LNGIHL AVE SYNNY
VM 190dSAOOH 1V Y3340 HONIH
VM dNVYMITTIT 8V3AN M33H0 319V
HSVYM 140dSAOOH N d VANVYH YINNVH
"HSVYM ‘NOd13 "V3AN MITLD NOSHI443r
"HSVM ‘NOQ13 dVv3aN d3AINE VWNVYH YININVH
NONNIYEG 1V 'd HSNgvyona
"HSVM ‘NONNIYEE dV3IN "3AIE HSNGvMONa
NONNIYHE 1V 'd SdITTVM3SOod
"HSVM ‘NONNIHE HV3IN AdVLNGIYL H SdITTVMIS0od
"HSVYM ‘NONNIYE 9N H3AIE SdITTYM3Isod
VM ‘NONNIYE JV3IN FONVLSNOD 3NV
"NM ‘INIOTIND YN J3IAIFY INIOTND 919
"HSYM “‘INIOTIND ¥V3AN MITHO ANN3Id
VM ‘GNIOTIND YN O ANNId IA0QY "3AIY INTOTND 919
VM “INIOTIND YN NOISHIAIA MOTIEG H3IAIE IANIDTINO 919
VM ‘INIOTIND YN NOISHIAIA IA0GY HIAIE INIDTINO OId
"HSVYM ‘INIDTIND UN Y3AIE INIFDTINO I1LLIT
VM INIDTIND YN NOISHIAIA M9 J3AIE INIFDTIND I1LLIT
VM “GNIOTIND VAN YITHD NVAONOA
aweN uoiels

005€90¢C1
000€90¢C 1
G0S290¢CL
006¢90C1
006190C1
00¢190¢1
000190¢1
G66090C1
005090C1
001090C1
000090¢C1
006650C 1
008650C1
0066G0C1
00€650C1
0006S0C 1
0088G0¢C 1
G098S0¢CL
009850C1
006850C1
0008S0C 1
00G.260¢1
000450C1
00G9G0C1
G6¥950C1
00¥950¢C1
00€950¢C 1
000950C1
005GS0C)
000SG0C1
009¥S0C1L
005¥S0CL
001¥S0CL
000¥S0CL
00G€G0CL
00¥€S0C1
000€S0C 1
008250¢1
006¢S0CL
00¥2S0CL
06€250C1
0lLecsoct
00¢cs0ct
000¢S0CL
0061G0C1
0616021

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-40



Hydrology

Chapter 2

19°¢
8¢l
9'G
€9
'8l
cey
Gl
I

66°G
LGl
vy
6L
(zsanm)

ealy
abeuleiq

6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
8L00LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
8L00LLLL
8L00LLLL
8L00LLLL
6100LLLL
8L00LLLL
8L00LLLL
8100LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
8L00LLLL
(oamo) yun
o160j01pAH

(V[ SYANAA)
geicioraA
leleeeh
145151444
¥0.€2¢CL
AN A
1444744
8lveeet
olgceel
clseect
oeeeect
0s.€ccl
8Glyeel
oeeveet
yeevect
gesvect
0soveel
zeeeecet
cveeecet
gveeccl
6e0¥CcL
9egeeet
0cseect
6l9¢€ccl
6lvecct
oeeeeet
ceeeect
geeeect
8Geececet
cgeeect
Laveeet
ySeveet
c0.Lveel
0e€csect
ov.sccl
celoeet
0cooect
0cvsecet
oclseet
80lg¢cclL
0s0seeL
gesvect
,00S¢cL
gvlgecel
gooseel
gooseel
(se@a1baq)
apnjibuo

8lLecLy
clvely
glecly
6761 .Y
I YA WA 4
yLocLy
coLely
8lLeCLY
Levely
8G8¢C.LY
SLyeLy
0ceely
LvlELY
GcseLy
LyvELY
6GSELY
0S6€LY
cyoviy
00vv.ly
150} 47A7%
9EYY.LY
LLSY.Ly
8GSY.LY
6CevLly
Syevly
LSvvLy
(S 247A%
GCovly
9LLGLY
0€08.v
VYA A4
1%47A%
128€LY
GClELY
SOvELY
olL8cLy
0cvely
ov6cly
0SLELY
OLLELY
00geLy
0ceesLy
GeoeLy
0c6ely
00ceLY
00ceLy
(se@a1baq)

apnjne

"HSYMAQYN LV Y3340 AQdNd
"HSYMAQYNd dvaN Y3340 AQdNnd
"HSYMAQYN LV M3THD MOINHODIN
HSYM'3TVA3ISOY 1V LIINI ddvD OL'9I¥L d3NVYNNN
"HSYM'ITVANOLYY 1V M33HD ITVANOLYY
"HSYM'HOFHVYH 919 1V Y3340 H1HON
"HSYM'HOFHVYH 919 YN "¥0 LNIOSIHO
dOgdVYH 919 "IN IMVT LNIOSIHO
VM ‘NOHSVA ¥N ANVISI NOHSVA NO ¥0 aanr
AYVHOYO 1d0d "N IMVT ONO
"HSVYM "3 LSTIHONVIN dN O d3Av3d
"HSVYM ‘QdVHOHO 1H0d 1V YITHD MOVIrMov1d
VM LSHO9 1V HLNOW dV3IN M3FHO 1SHOO
"HSVYM ‘NOLYINTHG HVIN MIFHD ODIHO
NOLHIANTEG "IN IMVT dVSLIA
NOLHINTEE "IN IMVYT LVOATIM
VM ‘TITVAHIATIS "VAN MITHO "3 10
1HOdATIM "IN IMVT ANVISI
VM ‘09ST1N0Od dV3IN M3FHO NOSNHOr
VM ‘09ST1N0Od ¥VIN MITHD NOSNHOF MHO4 HLHON
VM ‘09ST1N0Od "V3N JLIS UNA 1V ¥ITHD NOSNHOr
"HSVM ‘09ST1N0Od dvaN Y3340 HSI490d
VM ‘09ST1N0d YN 0 AFTIVA 919 1V ¥ HSI490d
HSVM LHOdATM 1V ¥ ON dldL A4VHOHO 1d0d
HSVYM HSINVYNDONS EN Z ON didL A4VHOHO 140d
HSVM HSINVNONS UN € ON 9IdL Avd 937N
HSVM HSINVYNONS YN ¢ ON 9idL Avd 937N
HSVM VI1ONVIANI VAN Y3340 SHINO0EDO
HSVM 319NV 1d0d LV € ON 9ldL 3T9ANVO 1d0d
HSVYM J19INVO Ld0d dN ¢ ON 9ldL ITdINVD 1LH0d
VM ‘F19NVO 1HO0d dVaN MITHD I19NVD
VM “HOONVE dVv3aN Y3340 I10H STIA3A
"HSVYM MO3FV3S dVvaAN M3ITHO 4339 919
VM MO3gVv3IS HVIN MIFHO SIAVLS
VM ‘ATTTOH dVAN MITFHO NOSHIANY
"HSVM ‘OLLYM3AA "YvaN H3AIE OL1vM3d
"HSVM ‘VANHVYL V3N "3AINE VANHVL
"HSVYM “dIv4139 dvaN H3AIE VANHVYL
"HSVYM ‘NOLIINTHG ¥V3IN MIFHD ¥IHLNV
NOLH3INTHG "IN IMVT HIHLINV
"HSVYM ‘NOLHINTHEG HV3IN HIAIL VANHVL
"HSVM ‘NOLYINTHG HV3IN MITHD 109
dIV4T739 "N IMVT HIOIL
"HSVM “d1v4139 dN M3I3HD NOISSIN
"HSVYM ‘NOLHINTHG HV3AN MIFHO NOISSIN
NOLHINTHEG "IN IMVT NOISSIN

aweN uoiels

0082.0¢1
G6.¢.0¢CL
0421021
0§/¢.0¢C1
0L/c.0C)
G89¢.0¢C1
189¢.0¢1
G19¢.0¢CL
0€9¢.0C1
G19¢.0¢1
009c¢.0¢1
0062.0¢1
00¥2.0CL
000¢.20CL
00512021
00012021
005040¢1
GG¥0.0C1
05004021
G¥00.40C1
0v00.40C1
000040¢1
G66690C1
09.690C1
1€2690¢1
12.690¢!
02.690¢1
01269021
€99690C1
099690C1
1G9690¢1
009690¢1
065690C1
006690C1
000690C1
005890¢1
000890¢1
005/290¢1
000490¢C1
00G990C1
000990¢C1
005590¢1
020590¢1
000590C1
00S¥90¢C1
000¥90¢C 1

ai-8us

Page 2-41

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

z0
120
L¥'9
N..ﬁ.:
(zsan)

ealy
abeuleiq

6100LLLL
9100LLLL
6100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
9100LLLL
6100LLLL
6100LLLL
6100LLLL
€0L00LLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
(oamo) yun
o160j01pAH

9cesecet
geesecet
6cvseel
L0vSccl
L0vSecl
oveseet
9G6vccl
¥005¢cL
YALATAAN
cvesecet
ovlseel
0coseel
y06vccl
9e9vecl
yveveet
€ooveel
Leveeet
¢Ggssect
8l9geel
0G/.9¢¢cL
0G/5¢¢L
yZ8secel
oevoeet
gvsoect
€eL0¢ect
0cLoect
0590¢€cCL
gvsoect
8G90¢€¢CL
0090€cCL
c¢soLeet
Svviect
glLsoect
0cooect
glLooect
[AYATAA)
lsseel
0ceseel
LESveel
9Evvecl
6l9¥cclL
Lo8veel
yeeeect
Z¢slvecet
oleveet
0s.¢€2¢cl
(se@a1baq)
apnjibuo

¥2ec0ly
1200.y
1€20LYy
€600.¥Y
€v00.LY
G000.¥
G0L0LY
LCl0Ly
Yv659¥Y
716991
62859
004G9%
905G9¥
Yr1G9¥y
€2Ce9¥y
801G9%
1G0G9%
ceL0Ly
6€1L0.LY
L€00.LY
9€00.¥
60S0.¥
G2S0.LYy
0€S0.¥Y
LEVOLY
cLe0Ly
0€.0.L¥
SvLLLy
¢00}L LYy
(SAYAY
Sl TAYAY
GG60.LY
00S11¥
0091 1Y
0091 1¥
A 14dYA%
vilely
(VI3 IYA%
Gcscly
€Licly
OLLLLY
8¥9l.LY
€evely
cceely
clvely
qGvely
(se@a1baq)

apnjne

VM ‘VIdAIATO L1V AV NOINN LV ¥D JINXON-NVIANI
HILVMINNL VAN INVT AV
VIdWATO 1V 3NV 10LIdVO

HSVM “H3LVMIANL 1V ¥3AIY STLNHOS3A

HSVM “H3LVMINNL 1V 39d1¥g LS 3 1V d S3LNHOS3A
"HSVM ‘VIdIWATO ¥V3N ¥3AIY S3LNHOS3A
HSVMVIAINATO ¥N M1 SHIFNVHO J1L1LI10

HSVM* VIdINATO YN IMV1 SHIFINVHO

VM ‘VIdWATO UN dA19 NOSHIANTH LV ¥ S3LNHOS3A
VIdINATO "N IMVTNNNIN

VM “HILVMANL HY3IN MITFHO HIAVY

VM ‘VIdWATO ¥V3N YIFHD NOIDUNdS

VIdNATO LSV dN IMVT L1N440
ONIN3L dN IHVTHSOLNIOW

HSVM “H3INIVY YN £0G AMH 1V ¥ S31NHOS3A
"HSVM “H3INIVY YN H3AIY S3LNHOS3A

HSVYM H3INIVY dN M1 IONIHMY]

VM ‘VIdNATO YN Y33HD TVAIONE3d

VM ‘VIdWATO 8N HOLId 3MV1 MOv1g

VM HIIVMINNL YN L3TLNO IV LV HOLIA IMVIMOVId

HJILVMIANNL "IN IMVYT MOV
"HSVM ‘VIdINATO JV3IN MITHD Y3IAANS
"HSVM ‘NOLTFHS "VAN AYV.LNGIdL M3FHO 3IAIINHOS
VM ‘FHOTINVYY M3AN ¥VIN MIFHO AdINNIM
"HSYM “TFHOTIANVYY JV3AN MITHO AINNIM
JHOTIANVA "IN IMVYT LINNNS
"HSVM ‘THOTINVYM 1V MFTFHO WNMOOMS
"HSVM ‘NOLT3HS 1V Y3340 TN
NOLTIHS dIN IMV1V1139VSI
"HSVM ‘NOL13HS 1V YITFHO HONOHOISAT10D
"HSVYM ‘NOL13HS "VY3AN MIFHO HONOHOESAT109
NOLTIHS ’N IMVT LSO
"HSVM ‘NOLT1IHS "VaAN M3ITHO SNHOr
"HSVM ‘NOL1FHS dVAN MITHO AHHIANVHO
"HSVYM ‘NOLT13HS "V3AN M33Y0 ¥33d
NOLTIHS dN INVT SdITTIHd
"HSVYM ‘NOINN ¥V3N INVT NOSVIN
VM ‘NOINN dN (40 AOOMYIHS aH) 40 YIHOOWNHS
dIV4T39 VAN IMVT IAM
VM “H3LNIO AT UN MIFHD NILSVYIN
JNOH "IN INVT NOSHOVI
VM ‘NOHHTIH dN MITFHD ¥3AVIL OL AdVLNgldL
AJTdNg dN IMVT IOHSISHOH
"HSVM ‘YNNVM dV3aN Y3340 I9NH
"HSYM VYNNVYM "V3N INITALNNOD 1V Y33HD I9NH
"HSVM ‘ATTdNg 1V Y3340 ATT1dNg
aweN uoiels

060080¢C1
0.0080¢1
G2¢0080CL
¢10080¢l
010080C1
000080¢C1
9666.0C1
¥666.0C1
0866.0C1
0066.20C1
0656.0C1
00S6.0¢1
08€6.0C1
00€6.0C1
70062021
00064021
0v68.0¢C1
0€/8.0C1
0¢/810¢1
G0.810¢C1
00/810¢1
0598.0¢1
00982021
005810¢1
00¥8.0¢C1
00¢8.0¢1
000840¢1
00622021
06¥..0C1
00024021
0059.0¢C1
001920¢1
00092021
00SG20¢C1
00052021
08.v.0C1
00Sv.0¢C1
000v.0¢C1
068€.0C1
009€.20C1
G8G€L0CL
0GG€.20C1
G0S€.L0C)
005€.0¢C1
06¥€.0C1
000€.0C1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-42



Hydrology

Chapter 2

9¢
80
14%
LEV

Sve
€9l
€Ll
108
4314
68¢
68¢
98¢

(zsanm)
ealy
abeuleiq

SL00LLZLL
GL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
SL00LLZLL
SL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
SL00LLZLL
GL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
GL00LLZLL
SGL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
SL00LLLL
SL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
SL00LLZLL
GL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
(oamo) yun
o160j01pAH

g0/ceel
9caleel
olzceel
€09¢cel
gGlLeect
g€eocect
ovaLeel
oealect
8ealLect
ovsiecl
sogLect
avelLecl
clgLect
LLgLeel
clgLect
le81eel
sv8Lect
go9lLeel
Occleel
lclieet
9€80¢¢cL
9eoLeet
1Gv0ccl
ovssicl
00vSicl
ovsvlcl
ovivicl
ocvvicl
oesvicl
8lavicl
geevecet
L0eveel
oeevect
1431244
8G8vccl
LLgveel
143174 4"
cs9vect
8v9ovecel
glovect
14 VA 44"
cvlveel
yelLsect
90Lseel
evesecl
geesect
(se@a1baq)
apnjibuo

GGGy
0v959%
0CLG9¥Y
¥01LG9%
€G299v
¢S1LG9Y
2¢Gee9vy
0G2SG9¥Y
90€G9¥Y
8¥GS9Y
GCLG9Y
1€0G9%
cc6y9v
44414
€C6v9¥
60879
0C.Ly9¥
S09Y9¥Y
ovvyoy
VAZC1%2%14
ovvyoy
80€Y9¥
0LSY9y
0Eryoy
(1474%°1%
0€9Y9¥y
ov.Lvov
0v9v9y
05979y
0LL¥9v
SvL0LY
6000.¥
G08G9Y
SEV0LY
8110L.LY
8€€0.LY
00€0.¥
80¢0.¥
€020y
756591
8L00.L¥
c0L0.L¥y
10S0.LY
¥0€0.LY
¢0v0Ly
ATAVVA4
(se@a1baq)

apnjne

"HSVM ‘YNNIMOW UN MITHD XYMNVL
"HSVM ‘NISMOdVYY JV3IN INVT XVMNV.L
"HSVYM ‘YNNIMOIN ¥V3IN H3IAILA ATIVNOSIN
"HSVYM ‘YNNIMOW ¥N O T13IMOd A9V d ATIVNOSIN
JANVYYEDO V1 dN IMVT HINTS
VM ‘ITTIANOLYT "V3AN ZHS LV ¥IIHD dOHO
VM ‘ITTIANOLYT "V3IN M3FHO dOHO
VM ‘FTTIANOLYT HV3IN MITHD HONAT
"HSVM ‘TTTIANOLYT dV3AN IMV1dOHO
3SIAVAVYd "dN IMVT dv3a1o
"HSVYM ‘IANVYO V1 ¥V3AN H3IAIL 1FHSYIN
"HSVM ‘IANVEO V1 1V 43AIE ATTVNOSIN
VM ‘NVA FANVHEO V1 1V LINANOD Y3IMOd YINODVL
VM ‘NVA FANVHO V1 LV 43AIE ATIVNOSIN
VM ‘TANVYHO V1 1V HIOAY3ISTH IANVHO V1
HSVM d3Q71V 1V AS3d 43av
"HSVYM “H3A1V "VvaAN H3AIE ATIVNOSIN I1LLIT
"HSVM “H3ATV dvaN H3AIE ATIVNOSIN
"HSVM ‘3973 ¥N M33HD 1SV3
HSVYM ‘3973 1V 4 ATIVNOSIN
"HSVM “TVHANIN dv3aN Y3340 TvHaANIN
IVHININ LY IMVT IVEANIN
"HSVM “T¥NOILVYN dV3AN H3AIE ATIVNOSIN
VM ‘QH4O4HSY dV3aN "3AIE ATIVNOSIN
AHO4HSY dN F9dld9d AMH LV 3340 VINOHVL
VM ‘THINONOT UVAN (LIS 4IMOT) MITFHD ZLNWA
VM ‘THINONOT HVAN (LIS "¥3ddN) MIAFHD ZLNWA
VM ‘ISIAvyvd 1V J3AIY 3S1avevd
VM ‘3SIAvEvd LV 39adldg 4310V19 AV H ATIVNOSIN
VM ‘3SIavyvd LV "¥0 3SHOH dv3da ‘Agv d ATIVNOSIN
"HSVYM ‘VIdINATO ¥V3AN SONIHS H3LSITIVON
VM ‘WTIA HVAN INVTHIVTIO 1S
"HSVM ‘WT3A dV3IN M3FHD NOLv3
VIdNATO IN dd NOSNIDHOr 1V AdVLNdldL ¥ dNV1AdOOM
VM ‘VIdINATO UN dO ANVTAOOM
VM ‘VIdWATO UN @ NVYHVYHA 1V 40 ANV1AOOM
VM ‘ATOVT LV AVM NILYVIN 1V ¥3FHD ANVTAOOM
VM ‘AFOVTEN LITLNO IMVYTONOT LV MIFHD ANVTAOOM
AFOVT "N IMVT ONOT
AJOVTUN IMVTNOSHI L1V
VM ‘AFOVTHN LIINI INVTNOSHIALLYC 1V 40 ANVTAOOM
AJOVT dVIAN IMVYT SHOIH
VM ‘VIdWATO €N MITHD A4VYMAOOM
VM VIdWATO 1V AvOd NOISN3 1V 40 A4VMAOOM
VM ‘VIdWATO ¥N HLNOW 1V ¥334D NOISSIN
VM ‘VIdWATO 1V 1Tv4LNO "D IITXOW-NVIANI
aweN uoiels

000680¢C1
006880¢C1
006880¢C1
00¥880¢C1
00€880C1
020880¢C1
000880¢C 1
005280¢C1
00¥.80¢C1
00€.80¢C1
000480¢C1
005980¢1
001980¢C1
000980C1
005G80¢C1
000580¢C1
005¥80¢C1
000%80C1
00G€80¢C1
00¥€80C1
000€80¢C1
066280¢1
006¢80¢C1
000¢80¢C1
066180C1
0L6180¢C1
006180¢C1
004180¢C1
G65180¢C1
065180C1
005180¢C1
08¥180¢C1
00€180¢CL
0L0L80CL
000180C1
0G2080¢1
049080¢1
059080¢1
009080¢C1
045080¢C1
095080¢C1
0G5080¢1
005080¢1
0G¥080C1
001080C1
¢60080¢!

ai-8us

Page 2-43

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

(zsanm)
ealy
abeuleiq

6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6100LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
GLO0LLLL

GL00LLZLL
GL00LLZL
GL00LLZLL
GL00LLZL
SL00LLZLL
SL00LLZLL
GL00LLZL
GL00LLZL
GL00LLZL
SL00LLZLL
(oamo) yun
o160j01pAH

leleeet
goceeet
y0ceeet
Lyleech
0cleeel
svieeel
ocleeel
6elLeeet
€eoeect
cvleeel
8l/ceel
c¢vocect
8cocect
GgGocect
8clceel
0Sveect
6vvceel
8cveect
6Eevcecl
L0v¢ecl
9ceeect
gleeeet
e€vscect
ceseect
yyveeel
eveeecet
cleeeet
00cceel
8vceect
ceeeect
0s0cecet
8lseecet
Lyeeecet
ooveeet
cviveet
YAIANAA)
yeleecel
ceeeect
geecect
glgcect
ylogeel
geeeect
8v6cccl
0s6ccet
8l8cect
z2eseect
(se@a1baq)
apnjibuo

8ClLLLY
0v0lLLYy
(04 YA%
Sv60.LY
vELLLY
€80y
€260y
G260.LY
9r80.LY
6v.0.Lv
¥280.Yy
12L0Ly
0€90.¥
€090.¥
8¢€80.Y
G080.¥
¥080.¥
¥080.¥
€001 LY
8G/0.Lv
0080.¥
¢080.¥
1080V
GG/0Lv
0€20.Lv
ov.0.LY
GeL0LY
€€L0LY
10.0L¥
L1901y
9090.¥
0€90.¥
0040.¥
¢S60.Y
Eve0Ly
67659
L2loLy
0200.¥
00¢0.¥
GG00.v
8LEG9Y
10959
8GEG9Y
L0YS9Y
2eeq9y
cv6v9y
(se@a1baq)

apnjne

"HSVYM ‘NOODV1IFLS ¥VAN 4O L1374 A9V 4O SYIGNVYHO
‘NOODVTIALS N “TINOODVTIALS 1V MITFHD SHIFNVHO
NOOJVTIALS "IN IHMVTNOODVTIALS
NOOJVTIALS "IN M334D NO31 3d IONOd
HSVYM ‘VINOOVL 1V INVT OLVdYM
ANDITTIL "IN IMVT ATIIAVED
VM VYINOOVL YN "Hd IMVTATIAAVED 1V 4O 43IAO10
YINOJVL "IN "MT WOOIDVTIALS 'AGV MIFHD 43N010
"HSVYM ‘WNDITTIL ¥V3AN MITFHO ¥3IAO01O
VM ‘ANVIYHEVY YN 94Y AQHOHDDIN AGY HO ATHON
VM ‘ANVIYHEVYd 8N 1371LN0 M1 3TNL 1V 8D AVMVYNVYCS
VM AVMVYNVYAS 9N L371LN0 MTAVMVYNVYCS LV 4O AVMVYNVYCIS
AVMVYNVYAS dN INVT AVMVYNYAS
VM ‘AVYMVYNVYAS ¥N A dOOT AVMVYNVYAS LV 4O AVMVYNVCIS
VM ‘ANVIMYEVY 8N 'S AV HLZL 1V ¥O ¥3A010
"HSVM ‘ANVYTIMEYd "VYIN M¥ITHD HIA0TO MHO4 HLHON
MNVYI49 d131d 40 J¥3A010-VYO
Vd IN dd 37vAaM00dd LV d40 ¥3AOTO AN Ol didL d3aNVNNN
OVL YN '3 LS H166 1V Jd0 d3A0TO AN OL 914l A3NVNNN
VM ‘ANVIYHEVYd 8N @Y 3TvAM00dd 1V 40 J3A0TO AN
AN '3 LS H19€L 1V O d3aAO0TO IN OL dldL d3aNVNNN
AVOd d3aTIVM 1V "D d3A0TO AN OL "gldL d3aNVNNN
VM ‘ANVIYEVd UN 'S 1S H19¢€) 1V ¥0 J43A0T10
VM ‘ANVIMEVd UN 'S 1S H18€L M1g ¥O ¥3IAO01O
VMAYMYNYCS N 3SHN0D 4709 TTvAM00Ha M19 ¥ H3IA010
VM ‘ANVIMEVYd UN "3 AV HLGZ 1V 40 ¥3A010
VM ‘NVIMEVYd JV3AN MIIHD ¥INOT1D
"3 IAV NVHONIG LV 40 43AOTO OL 'didL d3aNVNNN
VM AVMVYNVYAS 8N 3 1S ANZSI 1V 80 43A0T10
VM AYMVYNYAS 8N A ASVLITIA LY 40 ¥3A010
VM AYMVYNYAS 8N IONVYH 37419 OS1 1V 40 ¥3IA010
ANDITTIL "IN IMVT NVOIHINY
ANDITTIL "IN MITFHD AVHAININ
NOODVTIALS UN IMVYT 3ISINOT
HSVM ‘ATIVNOSIN 1V " ATIVNOSIN
HSVYM ‘A0 YN HLNOW 1V Y3340 MONN
HSYM ‘AOY ¥UN IMV1ATIVNOSIN
"HSVM ‘AO0Y LV MITHD MONIN
HSVYM ‘AOd dN d0 MONIN
VM ‘ANVT3IAOT HVIN MITHD MONN
"HSVM ‘NT3A UN M3FH0 NTIA
VM ‘YNNIMOIN L1V H3IAIE ATTVNOSIN
VM ‘YNNIMON N NVA VITVELNIO MO139 H3IAIE ATTVNOSIN
HSYM ‘'YNNIMOIN dN TVYNVYO HIMOd VITVHLINIOD
VNNZIM O "IN IMV1 S1dVH
YNNIM DN "IN IMVT dv310

aweN uoiels

0v0160C1
000160C1
066060C1
0468060¢C1
008060C1
069060¢C 1
¢09060¢!
009060C1
005060¢C1
08¥060C1
09¥060¢C 1
¢Sv060¢1
0S¥060C1
8¥¥060C1
0€¥060C1
00¥060¢C1
96€060¢C 1
G6€060C1
08€060C1
0£€060C1
1,9€060¢C1
G9€060¢C 1
¢9¢060¢!
09€060C1
8G€060C1
GG€060C1
0G€060¢C1
01€060C1
GEE060CL
0€€060C1
G2e060C1
00€060¢C 1
06¢060C1
882060C1
012060C1
G02060¢C1
€02060¢1
00¢060¢C1
090060C1
000060C1
00.680¢C1
005680¢C1
00€680¢C1
80¢680¢C1
00¢680C1
020680¢C1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-44



Hydrology

Chapter 2

g€l

L'y
801
v0lL
9g°9
€Ly
657
108
219
16°G
€Ty

(zsanm)

ealy
abeuleiq

vL00LLLL
vL00LLLL
7100LLLL
7100LLLL
7L00LLLL
vL00LLLL
vL00LLLL
7100LLLL
7100LLLL
7L00LLLL
7L00LLLL
7L00LLLL
7100LLLL
7100LLLL
7L00LLLL
7L00LLLL
vL00LLLL

¥100LLLL
7100LLLL
7100LLLL
7100LLLL
¥100LLLL
¥100LLLL
¥100LLLL
7100LLLL
¥100LLLL
¥100LLLL
¥100LLLL
¥100LLLL
7100LLLL
¥100LLLL
¥100LLLL
¥100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
(oamo) yun
o160j01pAH

¥08€lclL
1441914
ocilvicl
gricict
L0.€LCL
allelel
crelecet
gGeleet
Leelect
80¢Lccl
oeotLeet
00.20¢cL
€v80ccl
6¢s0ccl
€0€0ccl
Svcocel
144444
90c0ceL
0GL0ceL
Gg0/S51¢clL
g060ccl
€GlLocel
Z¢v00cet
1215114
yovicel
evelect
6clieel
yeeleel
1441%44"
oeotect
€re00ct
¢0cocel
1G€Siel
908S1clL
8l8cecl
ocreeel
6eleecet
lileeel
6c0ccet
c¢eoeect
8oleeel
solLeeel
ologeel
lleceel
Ggeceeect
806¢c¢ccL
(se@a1baq)
apnjibuo

€160y
8¥80.Y
Svec0Ly
0v00.¥
0G€99Y
yLE€G9Y
L0LLLY
0L60.¥
G280.LYy
004047y
GGY0.LY
0L¥0LY
Y€90.LY
€280.LY
9€90.¥y
0290.¥
€090.¥
G090.¥
9090.¥
0€S0.Lv
9GS0.Y
Ly10LY
L¥00.LY
1€8G9¥
YAAVVA 4
L2S0.Ly
G20y
¢ce0ly
Yv659¥Y
S¥6991
L¥9G9%Y
VLyeoy
0Ces9vy
8C1G9¥Y
ovvely
ceLLLY
414 YA4
121174 %
8LELLY
6CELLY
(AN YA4
LLLLLY
0S0LL¥Y
90LLLY
YE0LLY
ocLL Ly
(se@a1baq)

apnjne

"HSVYM “HILVMNITEO 1V H3AIY HALYMNITHD
"HSVYM “HILVYMNITEO 1V H3IAIL ILIHM
"HSVYM “HILVMNITEO "vaN MIIFHO NIF
"HSVYM “HILVMNITHO VAN MITFHO AHA
VM “HILVMNITEO dvaN H3IAIE ILIHM
VM “HILVYMNITEO dvaAN MY AOOMAYIA H3addNn
"HSVYM ‘NOLH3ATV 1V ¥3AIE dNTTVANd
VM ‘NITTINDIN ¥V3aN Y33HO TINN3IS
HSVYM ‘NITTINOW 1V ¥3AIE dNTTVANd
VM ‘ONILHO 1V H3IAIY NOgHVD
HSYM ‘ONILHO dN HO LHOIOA
VM “HINO0HED ¥VAN MIFHD LHOIOA
HSYM “H3aMO0¥0 UN ¥O JdIvdd HLNOS
"HSVM ‘J1dIVdd HLNOS LV Y3340 J1¥Ived HLNOS
VM ‘NOSIMTIM 1V dLMM M19 4D NOSIMTIM
VM ‘NOSIMTIM LV ¥IFHO (I1vD) NOSIM M
HSYM ‘NOSIMTIM 1V ISNOHTOOHIS HN HD NOSIMTIM
HSYM'NOSIMTIM LV TANNNL WNMOOMS ¥N HO NOSIMTIM
HSYM ‘NOSIMTIM 1V G M1 T1ANS 1V 40 NOSIM 1M
"HSYM ‘MY TOINNNT UN M33H0 J1dIved OS
ONILHO "IN H3IAIH NOGHVYO
VM XV4dIV4 dv3aN 93N NOGHYO
"HSVYM ‘XV4dIV4 1V 43AId NOgHVYO
VM XV4dIV4 dV3N IMVYTNIFHO
"HSVYM ‘NITTINDIN ¥V3AN H3AIY dNTIVAN
HSYM ‘ONILHO LV H3AIH dNTIVANd
ONILHO "N IHVT LSTH04
"HSVM ‘ONILHO "V3IN H3IAIE dNTIVAN
"HSVM ‘NISMOdVYY ¥VaN YITHD NISMOdWM
VM ‘NOHLOTIT3 LV "3IAIE dNTIVANd
"HSVM ‘NOY10373 UN M3I3HO NOSITTV
VM ‘NOHLO3 13 N "3AIE dNTIVAN
VM ‘NOYLO3 13 dV3aIN IMVY1NIAT109 ¥3ddN
VM ‘NOYLO3 13 ¥N ¥0 ¥33a
"HSVYM ‘NOLINg YV3IN M3340 aanr
NOOJVTIALS "IN ""HO SH3IFINVHO
"HSVM ‘WOO0DV1IFLS ¥N ‘O HOV3T M4 O SHIFINVHOD
VM ‘WOODV1IFLS YN dD HOVI
"HSVM ‘LSTHOHI4 YN M3IFHO HOVAT
"HSVYM LS3HOYI4 1V ‘ANOd ONIATOH LV ¥33HD HOVA
‘HSVYM ‘VYINOODVL 1V Y3340 11374
HSYM ‘VINOOVL 1V ¥ ¥31SNO 1v ¥O 11374
"HSVM ‘VINOOVL 1V SONIEdS 11374 MO13g Y3340 11314
"HSVM MYVd TVIHOWAN MIIA LN 1V M33¥0 11374
VM ‘WOODVTIALS €N ALITIOVH 1S31 40Ad ISNOHIHVYM SOSN
"HSVM ‘YINOODVL 1V “1S H1¥/Z 1V M3340 11374
aweN uoiels

005260¢C1
000460¢C1
096960C1
008960¢C1
009960C1
015960¢C1
005960¢1
000960C1
006560C1
069560C1
099G60¢C1
005560¢C1
00€560C1
000S60C1
L0G¥60¢C1
005¥60¢C1
66¥¥60C1
86¥160C1
L6¥¥60C1
00¥¥60C1
00€v60C1
000¥60¢C 1
006€60C1
099€60C1
009€60C1
015€60C1
G0G€E60CL
00G€60C1
000€60C1
006¢60C1
00126021
000260¢C1
096160C1
056160C1
00416021
009160¢C1
005160¢C1
00€160C1
00c160C1
08Ll60ClL
00116021
860160¢C1
040160¢C1
09016021
GG0160C1
05016021

ai-8us

Page 2-45

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

LoV
00¥
GLE
ge¢

(zsanm)
ealy
abeuleiq

vL00LLLL
vL00LLLL
7100LLLL
7100LLLL
7L00LLLL
vL00LLLL
vL00LLLL
7100LLLL
7100LLLL
7L00LLLL
7L00LLLL
7L00LLLL
7100LLLL
7100LLLL
7L00LLLL
7L00LLLL
vL00LLLL
7L00LLLL
7L00LLLL
7L00LLLL
vL00LLLL
6L00LLLL
7L00LLLL
7L00LLLL
7L00LLLL
vL00LLLL
vL00LLLL
v100LLLL
7100LLLL
7L00LLLL
7L00LLLL
vL00LLLL

7100LLLL
7L00LLLL
vL00LLLL
7L00LLLL
7100LLLL
7L00LLLL

€L00LLLL
7100LLLL
¥100LLLL
¥100LLLL
7100LLLL
7100LLLL
(oamo) yun
o160j01pAH

geeeect
80¢cect
80¢cecet
olleeel
geceeeel
lleeeel
9Glceel
Leeeeet
g€eeeect
oeeeect
lcoceet
606LccClL
8v0ccel
€60cect
clocect
l0cect
L06Leel
y08Leel
ooelLcecl
€eelect
) JANAA)
gelLieet
ovvicel
oevieel
olvicel
leereet
oclieel
gealeel
geviect
eveLect
veereel
8ee0cet
60L0ccL
c0Locel
0c8sicl
JAZ1 )
0sesiel
c¢loocel
c€iLocel
8100ccL
Le8GLel
GgGasicl
125114
celsiel
ovovicl
VA% 4 474"
(se@a1baq)
apnjibuo

cloLLy
yeeLLY
6CLLLY
LLLLLY
(2 AYAY
6CLLLY
6560
0Ll LY
¢S0LLY
Olvily
6vclly
€260y
LyLLLy
€v60.LY
SeLLLY
0cLLLY
OLLLLY
00LLLY
0v0lL LYy
LeCLLY
clelly
olchly
Glelly
Svelly
00€}L Ly
154924
T4 VA4
0cSLLYy
LOGLLY
8GSL.LY
0€9LLY
LOLLLY
82¢0L.LY
Ye0L Ly
0CLL Ly
SvlLLy
0cLLLY
cloLLy
61011V
I430YA%
9r60.LY
G060.¥Y
1280.¥
6¥80.Y
0€0L Ly
€660
(se@a1baq)

apnjne

"HSVM ‘VINOODVL YN LSV 1S H196 1V ¥ITHD NVMS
VM VINOOVL '3 LD AV 1SL€ 1V HO "¥v3a10
VM VINOOVL ‘3 1S ANZ.Z LV 40 ATIVNOS
"HSVM ‘VINOOVL YN LSV 1S HL1ZZ 1V M¥33HD NOANVO
VM ‘YINOOVL UN AHIHOLVYH MT19 AVM H33INOId 1V ¥0 ¥v3T10
"HSVM ‘VINOOVL YN "3 1S ANZZ 1V 40 "v310 4'3
"HSVM ‘VINOOVL dV3aN LSV 1S HL100} 1V 40 ¥v310 43
VM VIWOOVL "3 LS ANZZ 1V ¥0 "v3aT0 4'M
"HSVM ‘VINOOVL UN LSV 1S HLP8 1V HD ¥V310 4'M
VM ‘YINOOVL VAN MITHO ¥VIT1D IA0AY HIAIE dNTIVAN
VM dNTIVANd 9N VO H3AAIE 1V 4D SHEV1D
VM dNTIVANd ¥V3IN AVOd VINOOJVL 1V M¥IFHD SHHV1D
VM dNTIVANd ¥N AVM 933NOId 1V 9191 °0 SMIV10
VM dNTIVAND ¥N LSV LS HL0L 1V 3O SYEV1O 4'M
dNTIVANd N AVM d33NOId ANV AHd3IHOLVH M1d d0 NdId
VM dNTIVANd 9N A4THO1VH OL MOT4NI 1Y 40 NdId
VM dNTIVANd 1V 'M'S JAV H1Z 1V 4O SMHIV10
VM dNTIVANd 1V S 1S H1Z 1V HOLIQ ¥3xM33an
"HSVM dNTIVANd LV MFTFHO MHV10
VM dNTIVANd L1V ¥3AIE dNTTVANd
YM dNTIVANd 'ON 1V Ald dNTTVANd OL Ald §0 OLVdVM
SVM dNTIVANd 1V 99 1S NVIAIY3N LV J dNTTVANd
d3ININNS 1V 'd 3LIHM
HSYM “¥3NINS 1V 39a14¥9 ad SWVITTIIM LV 43AIE JLIHM
VM “HINIWNS 1V 39d149 AV VINOOVL 1V d3AIY ILIHM
"HSVYM “YIONIY3IA 1Y NOISHIAIA SddVL IV
HSVYM “HaNINNS YV3N SddVL IV
VM ‘NOLTIN dV3IN AYVLNGIFL Y3AIE MONLS
"HSVYM “Y3INWNS ¥N J3IAIE JLIHM
NINgNVY "IN o JLIHM
NOLONIHSYM ‘NYNGNV VAN LIFHLS-H 1V J3IAIE ILIHM
ATIMONG "N dO 3S109 19 " ALIHM
"HSVM ‘ATT™HMONE 1V J3AIE ILIHM
AITMONG 1V {0 3S1049
"HSYM ‘MY TOINNNT ¥V3N Y3340 3S1049
NM MYTOIWNNNT AN ANOJTTIA 19 O 3S1049
"HSVM ‘MY TONNNT UN “HIOAE3ISTH IA04GV ¥ 3S104d
VM ‘ATTHMONE LV YFTFHO 3S109 A0V JIAIE TLIHM
"HSVYM ‘ATT™MONG 1V TYNVO H3IAIY FLIHM
HSVYM ATTMONG dN JNNTd d3AIL ILIHM
ATIMONG "dIN d ALIHM
"HSVM ‘ATTMONG dvaN H3AIL ILIHM
HSYM'AITMONE dV3IN 3IMV1 NIVLINNOWN anNiN
HSVM AFTYONG IN o 431VMEVY3IT10 19 o A LIHM
"HSYM ‘MY TOWNNT "VY3AN M¥33HO INOTOAD
HILVMNITEDO "©UN "d ILIHM

aweN uoiels

08LcolLcl
Gl1colct
0glcolLcl
Svicolcl
ovicolcl
Glieolel
ckieolel
oLicolct
golecolcl
coleolel
ooLcolct
G.0c0Lcl
050c0Lcl
01020l Cl
Gc¢0colLcl
0cocolcl
oLocolct
§00coLcl
000c0LCL
00GL0LCL
8.¥10L¢CL
G.vi0lcl
oLiriolel
soLiolel
v0LLOLCL
ootioLet
ooololct
00900L¢CL
00500L¢CL
96¥001C1
06¥001C1
050001¢CL
0ooooLcl
009660C1
006660C1
00¥660¢C 1
00€660C1
001660¢C1
000660C1
01686021
009860¢C1
006860¢1
000860¢C 1
068.60¢C1
00446021
009260¢C1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-46



Hydrology

Chapter 2

X44

VAR
9

290
Sv'e
8¢'¢c
SL'¢
Ggee

(zsanm)
ealy

abeuleiq

€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
ZlooLL L
6100LLLL
6100LLLL
6100LLLL
6100LLLL
7100LLLL
¥100LLLL
¥100LLLL
7100LLLL
7100LLLL
(oamo) yun
o160j01pAH

8v.vlcl
€0.Lvlcl
0covicl
0covicl
00.¥iclL
6levicl
cseelel
gcrelet
L0€€lcl
celelel
olveciel
gleciel
Livelel
9loclicl
gleciel
oocelel
lceeeel
€olceel
8e6lecl
606LcclL
gGglLect
cleLect
c¢select
90¢cceet
Leceeet
oceeeet
lcleeel
9v0cect
€loceet
6G6lcCl
cvelect
yeelLect
6e6lccl
oviiecel
1241744}
908Leel
lelleeh
6lllccl
90¢ceet
oloceet
¥08LcclL
Lyveeet
9ceeeet
geeeeel
geeeect
ceeeect
(se@a1baq)
apnjibuo

c0LLLY
8€91L .Y
LZ8LLY
0€8l LY
00SL.Lv
0SELLY
evSlly
80€L LY
S TAAYAY
L1ELLY
0LSLLY
vvelly
Leelly
8ECL LY
GG0LLY
1S0LLY
8Y6C.LY
Lv9Cly
0cvely
0ecely
eGLely
1G0C.LY
ce0cly
€e61 LY
LE6LLY
yv8LLY
GcSlly
00S1.¥
6EVLLY
L1SLLly
c09LLYy
8G91.Y
0LSLLY
GeSLLY
LE9LLY
cloLly
AYAYA4
L18LLY
144 VA%
0eel Ly
(A TAYAS
00S1.¥
EveELLY
1449944
0Ll LY
SOLLLY
(se@a1baq)

apnjne

"HSVM ‘NVA NOSNVH VY A4VMOH MO139 H3AIA NITHO
"HSVM “d3INTVd ¥V3AN HIOAHISTH NOSNVYH 'V A4VYMOH
"HSVYM ‘OTTOW3T JV3AN H3IAIE NITFHO MHO4 HLIHON
"HSVM “HINTVd UN d3AIKE NITFHO 4'N
"HSVYM ‘TI9H0D J19V3 ¥N MITHD AT THVHO
AdIHANNH 1V X3390 NOLNVYO
"HSVYM “Y31S37 dVAN MITFHO AVINS
"HSVYM “Y31S3 1 dVvaAN MITHO NOANVO NITHO
"HSVM “Y31S3T dV3AN "3AIE NITFHO
"HSVYM “Y31S37 "V3IN M3AFHO Avdldd
"HSVM “Y931S37 "V3AN U330 MONS
"HSVYM “d31S3 T UN HO IMVLINI M9 d3IAIE NITFHD
VM “931S3TUN ¥ INVINI
VM “931S37T 8N ¥0 AVANNS
VM “H31LS3T UN MITHO dINVO NIML AQY H3AIE NIFHO
VM “43LS37T YN 90 ¥33NOId
HSVYM ‘31L1V3S 1V NIvdd HOv3d V103S
VM ‘SANIOIN S3A UN MIFHO "I TN
VM ‘SANION S3A 1V HLNOW ¥N ¥O SANION S3a
VM SIANIONSIA UN MdVd LS d3LVM L1VS 1V dOA3NVYNNN
"HSVM ‘SANIONS3IA dvaAN Y3ITHO IAIEMA LNOWNAOOM
VM SIANIONS3IA IN OANOD S1H OANOdIY gv ¢ O OANOd3Id
VM ‘SANIONS3IA YN STFHOHS OANOAd3Y 1V | 40 OANOd3H
VM VYIWOOVL UN LNV1d INWLH1L IOVMIS AGVY ¥ VLOMV]
"HSVYM ‘VINOOVL "V3N "¥d INIYVYN 1V ¥ s3or
‘HSVM ‘YINOODVL 1V Y3340 s3or
VM ‘3414 NI '3 LS HLPS 1V HOL1d 3414
VM ‘3414 NI "3 IAV H18 1V 40 SO931AH
VM ‘3414 1V 66 AVMHOIH LV M3340 SO931AH
VM ‘NOLTIN UN 1S 1IN0 1V ¥0 SOF93TAH OL 9191 1SIM
VMNOLTIN ¥v3IN HO(SO93TAH)SOgITAH OL gyl 1SAM
VM'NOLTIN UN 1S 9G€°S 1V 40 SO93TAH OL 9191 1SIM
VM ‘NOLTIN NI IAVY HLS 1V 9idL AgY J40 SO93TAH
"HSVM dNTIVANd YN M33¥0 SOG3TAH MH04 HLNOS
"HSVYM ‘NOLTIN N 1d €9€ 'S AGV gIdL 40 SO93TAH
"HSVM ‘NOLTIN "V3AN LS 0/€ *S 1V ¥0 SOg3TAH
VYNOOTY "N IMVT AINIVTIIA
AVM TVH3Ad3d UN IMVTHLHON
VM ‘3414 NI '3 LS H1Z} 1V 40 OLVdVM
VM VINOOVL "HVIN MIFHD OLVdVYM
VM dNTIVANd "ON €N HY OVd NOINN 1V 4O OLVdVM
VM ‘VINOOVL 1V INNIAY NTOONIT LV H3AIE dNTIVANd
VM VINOOVL ‘AVM ¥33INOId LV 30 NVMS
VM VYINOOVL ‘avOd 3INIT INNTL 1V 8O NVMS
"HSVYM ‘YINOOVL VAN MITFHO NVMS
"HSVM ‘VINOOVL YN 1SV 1S H108 1V 40 NVMS

aweN uoiels

00650121
008501L¢CL
oL/s0lcL
00.G01¢CL
0055012l
08¥501LCL
000501L¢CL
00.v0LCL
00Gv0LCL
000+0LCL
00s€o0lct
0oveolct
geeCoLCl
06EC0LCL
08€C0LCL
G.E€01LCL
oceeolet
9ceeoLel
veeeolLel
0cceolel
gleeolel
cleeolel
olceolct
PAVAA I XAE
§g0ceolet
00ceolet
Geoeolel
Gecoeolcl
0c0ocoLcl
G00€0Lcl
0o0o€olct
0c6c0Lct
006¢0Lcl
008c0LCL
G./c0lcl
04/c0LcL
09/c0Lcl
0G/c0Lct
0LGeoLcl
006¢0LCl
06¥c0Lcl
00vcolcl
clceolel
c0ceolel
00ceolLcl
06Lcolct

ai-8us

Page 2-47

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

(0474
€09
6v°C
'8
€0

4R
66€

199
S'g
6'¢9
T4
€l
€l
gel
LV'E

99'0
6°0C

v'e
809

LV'E
v'/c
cs'l
9¢'0
§'6e

€6'L
G8¢
08¢
6C°€
AN
ove
LeC
(0574
L'y
(zsanm)
ealy
abeuleiq

€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
6100LLLL
€Lo0LLLL
€L00LLLL
ZlooLLLL
€Lo0LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€L00LLLL
ZlooLLLL
€Lo0LLLL
clo0kL L
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
(oamo) yun
o160j01pAH

244%44"
g€eelLect
geelect
osviecel
ocviecl
geereet
geeleet
celieel
6vSLccl
olsiect
oogtLeel
olcieel
gloLeel
1G660¢cC)
0€60ccL
0v80ccL
2e90¢cel
0vcocel
€ceocel
¢vl0cel
20s0celL
0Gcocel
90€0¢ccL
ylcocel
c¢leocel
0080ccL
81.0¢cl
9r90ccL
8G10cclL
€e60ccl
0l90cel
oeeocel
yeLocel
¥100ccL
0eeocet
leocel
crssiel
oleocel
c¢leocel
Ggecesiel
Ggersiel
00ssicl
oeesiel
8G0Slcl
ocericl
olsvicl
(se@a1baq)
apnjibuo

€e8cCLYy
1G/¢ly
Lclely
GG/lcly
029¢Ly
00€cLy
€65y
0€scLy
Svvely
oLocLy
Gi8LLY
Sv8lL.LY
ce8lLy
Sv8lLLY
€061 .y
00611¥
1G8LLY
olocly
€661 .Y
¥20cLly
cclely
cq0cely
8GlLclYy
veeely
¥0ccly
8€0C.LY
evicly
ceecly
80¥C.lYy
8LLLLY
00LLLY
€e9L LY
A3 19A%
I AYAY
0€91 Ly
8EVLLY
014 VA%
00L11¥
LSOLLY
ov9LLly
LYSLLY
STARYA4
ol6lLLiY
61811V
oviLLy
00LL1¥Y
(se@a1baq)

apnjne

VM ‘NOLNTH HV3IN NOILVLS dANNd MO139 d3IAIE MOV 1d
VM VIIMINL LV MFTHO MOOHIONIHdS
VM VTTIMMNL LV HLZZ MS 1V 40 YOOHIONIYdS
"HSYM ‘V1IMMNL 1V ¥3AIEY NIFHO
VM ‘VITTIH0 1V HLNOW ¥V3AN M33H0 TN
VM INIM 1V MHVd SYHOMHLEVYA 1V ¥3FHD TN
VM VIT1IHO LV M¥ITHD MOO0Hd ONIIdS
HSYM'SINIOIN S3A YN IMV1 ITONY
"HSVM LN3IM ¥N 1S 2lZ 1V ¥ NIFHD
"HSVYM ‘NHNGNY ¥VIN AYVLNGIFL MITFHD TN
"HSVYM ‘NYNENY Jv3IN Y3340 1IN
VM ‘NINENVY YN H3IAIE NITHO
HSYM ‘N¥NgNV IN HLNOW YN ¥O SOO0S 919
VM ‘NINGNVY YN ‘AYIHOLYH A9V M33H0 SOO0S 9Id
"HSYM ‘NYNGNY ¥V3IN MITHD JL13IS00S
"HSVYM ‘NYNENY JV3IN Y3340 SO0S 91d
"HSYM ‘NdNENY Jv3aN Y3340 NOLONIAOD
"HSVYM ‘NOWVIA MOV 19 UN MITFHO NOLONIAOD
"HSVM ‘ANONVIA MOV dVAN ¥3IAMYS IMV]
"HSVYM ‘NHNEGNY ¥V3IN MITHD SNIMNAr
"HSVM ‘NOLONIAOD HV3AN MIFHD SNIMNAr '4°'S
ATTIVA FTdVIN "IN IMVT INGIONT
AJTIVA FTdVIN "dIN IMVT 3did
VM ‘ATTTIVA I1dVIN EN LITLNO IHVT SSANGIATM
ATTIVA FTdVIN "IN IMVT SSANIIATIM
"HSVYM ‘NYNENY "V3IN "0 SNDINAr AgY 40 SOO0S 919
VM ‘SLHOIFH NVAIY3IN 1V IS HL¥9L 1V 40 SOO0S ITLLIN
"HSVM LNIM VAN Y3340 SOO0S ITLLIN
ATTIVA FTdVIA IN IMVYT MOAVYHS
HSYM ‘NdNgNV UN ANFAYOY NHNGNY LV 4 NIIHO
VM ‘ANOWYIA MOV19 "V3AN M3THO SNHNd
"HSVYM ‘NOWVIA MOV19 dVIN M3TFHO WNMNVYMIN
HSYM'ANOWVIA MOV 19 JV3IN AHVLNGIYL MITHO NNMNVYMAN
HSYM'MVYTONNNZT 1V TTV4LNO 1SIHYOHIAOTO
VM ‘MY TONNNT JV3IN M¥ITHD ANMNVYMIN
VM ‘MY TOINNNT YN 1S H100 3S LV 40 WNINVYMAN
HSYM'MYTONNNT ¥VY3AN MITHD WNMNVYMIN MHO4 HLHON
"HSVYM ‘ANONVIA MOV19 UN H3AIEd NIFHO
VM ANONWVIA MOV1d UN ¥9 ¥3SATO ONINV 1L LV d NIFHO
"HSYM ‘ANOINVIA MOV19 UN M3I3HD ADI
ANVYTHIENND dVIN IMVT HIATVMN
"HSVYM ‘ANVT143gNND JV3N MITHD 4334
VM LYISYNYY 1V ¥3AIEd NIFHO
"HSVM 3NV 8N LNd NOILVYOI4IdNd 1V ¥3AIEd NIFHO
"HSYM “HINTVd dV3IN H3IAIE NITFHO
"HSVYM ‘I9H09 3719V UN MITFHO dv3d
aweN uoiels

G8eELLCl
GLEELLCI
olectict
osecticl
6veELLcl
LvEELLCL
oveEELLCL
creeliel
oveetict
ooectict
ooceliet
oooctict
oLociict
ooocticl
0ssciicl
oosciicl
oooctict
00GLilel
oootLiict
00s0LLCL
0ovoLLClL
G000LLCl
¥000LLCL
€000tLct
coootict
0oootict
0G5601L¢C1
00S60LCL
0S¥601LCl
0106012l
00060121
005801L¢CL
0S¥80L¢CL
0G0801L¢Cl
00080LCl
G66.01¢C1
066.201L¢CL
00§.201¢t
86¥.01Cl
00€.0Lcl
06¢.01¢CL
00cl0lcL
00040L¢CL
004901¢L
00690121
00090121

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-48



Hydrology

Chapter 2

YA
z8'e

181
121

9¢l
(A1

L
[44¢

6%
ey
8.C
174"
¥4}
Tl
11°€
LS
98
6L°0
i
L1l
'8/
vz
v9'¥
r'el
680
L'0¥
¥'se
9
€6
€8y
€8y
z¢
€8y
LY
L9Y
(zsanm)

ealy
abeuleiq

clootLLLL

clookLzL
clookLZL
ZlooLLLL
ZlooLLLL
ZlookL L
€Lo0LLLL
clookLzL
€L00LLLL
Zlo0LLLL
ZlookLzL
clookLzL
clookLZL
ZlooLLLL
ZlooLLLL
Zlo0kL L
clo0kL L
clookLZL
ZlooLLLL
ZlooLLLL
Zlo0LL L
clo0LLZL
clookLZL
ZlooLLLL
ZlooLLLL
Zlo0LL L
clo0kL L
clookLZL
ZlooLLLL
ZlooLLLL
ZlooLLzL
clookLzL
clooLLZLL
ZlooLLLL
ZlooLL L
ZlookL L
clookLzL
€L00LLLL
€L00LLLL
€L00LLLL
€Lo0LLLL
€Lo0LLLL
€L00LLLL
€L00LLLL
(oamo) yun
o160j01pAH

GgG80cct
¥G50c¢CL
€G650ccl
8cclect
glclect
80clLeel
8lcocel
8G00¢c¢cL
geoocel
Gvesicl
crosiel
ov8sicl
€lesiel
glgsicl
clssiel
c€lesiel
€Gesiel
9G68slcl
cllsiel
805S1clL
c¢rosiel
ocsvlcl
oeLvicl
lclyiel
caovicl
6v9vLCL
gGsvlicl
y0svicl
olevict
ceeviel
Lleviel
oclvict
ceveclel
oeovicl
9clelct
c¢secliel
ooLelel
goocliel
6vviccl
c¢vocect
g8eleect
1Glegeet
€60cect
L00ceeh
oogtLeel
lcsiect
(se@a1baq)
apnjibuo

c0LeLy
€G6C.LY
€G6C.LY
6062y
¥06Z.Lv
8G8¢C.LY
acvely
8vccly
Svicly
Svicly
coLely
oeeeLy
1G€CLY
00vcLiy
9GeCLly
8GECLY
clvely
Lveely
8EECLY
8¢ECLy
cleely
0ceely
Sliely
c0Scly
Lecly
80S¢.Yy
LLGely
evvely
0cvely
YeEVeLy
6CeCLY
6SLcly
€0Lely
0ceely
€lecly
ce0cly
0€8LLY
0l6LLiY
€e0ELY
LGYELY
0SveLy
LLEELY
GGeeLy
€eCeLy
8G8C.LY
Sv8cLy
(se@a1baq)

apnjne

HSVM NOLNZY LV M3340 AVIA
VM'HYNOVSSI YN 006 AVOY J1VLS 1V 91 ¥ITHD AVIN
HSVM HYNOVSSI VAN M3THD AVIN
HSVYM ‘NOLN3Y 1V 1S NVOOT1 1V d ’dva3d
NOLNZY LV AV SAVITIM LV "d Jdvd3do
VM ‘NOLNIYH 1V "3AIY "va3ao
AJTIVA FTdVIA LV "d dvd30
"HSVM ‘ATTTVA F1dVIN dV3AN MFTHO MO0Y
VM ‘FTVASNIAVYH "VAN 916 AVMHOIH LV MI3HD MO0Y
"HSVYM ‘ITVASNIAVYH VAN MIFHO MO0y
FTVASNIAVY dVIN IMVT LVIH LI
"HSVM ‘©dN9SANY1 ¥VAN NOISHIAIA ¥ATHD MO0Y
'YM ‘OdNEGSANVYT dV3IN HOLId IMVTHSTYM
"HSVYM ‘©94NGSANVYT ¥VAN YITFHO IMVTHSTYM
"HSVYM ‘©94NgSANY1 dN HOLIA M1 HSTVM 3A0GY ¥D MO0Y
VM ‘©94NGSANVY1 dvaAN YITHO MO0Y
VM ‘©94NgSANVYT UN Y STTv4 Jvd30 1V 90 MO0
VM ‘©94N9SANVYT HUN NOISHIAIA MO T3 ¥3IAIE ¥vd3ad
"HSVYM ‘©dNGSANVY1 ¥VaN J3AIY °dvd3o
9dNISANVYT HN 90 MO0d gV 'd Jvddd
"HSVYM ‘MOAT1AS "VIN MIFHD HOTAVL
"HSVYM MOIT13S HVAN MITHO HOTAVL MHO4 HIHON
"HSVYM MOIT13S HVAN MITHO HOTAVL MHO4 37AdIN
"HSVM ‘STTv4 ¥vad30 1V ¥3AIN dva3o
VM ‘ST1V4 ¥vd3a0 ¥VAN LNV 1dHIMOd MO39 H3IAIY ¥vd3ad
VM ‘ST1V4 dvd3a0 1V INVIdHIMOd 1V H3AIY dva3do
"HSVM ‘STTv4 ¥vAd30 JV3IN MITHD NOANYD
"HSYM'ST1VH ¥VA3ID ¥VAN (100d AYNOSYIN) IMV1 Hvaddod
VM ‘N3G HLHON V3N ‘IMVT HVAT0 1V ¥3IAIE ¥vd3o
"HSVYM ‘STIV4 ¥vAd30 1V IMV1 ISHOW ¥31LSIHD
"HSVYM'STTV4 "va30 UN MITHO MOvY
"HSVM ‘STTv4 ¥vad3d YN ¥D ¥3ainod
"HSVM ‘STTv4 ¥vAd30 JvaN J3AIE X3TY
"HSVYM ‘ST1v4 ¥vAd30 ¥VAN MIFHD LNIOd NITFHD
"HSVM ‘ST1v4 ¥vd30 ¥vaN "3AIY ¥va3o
"HSVM ‘STTv4 ¥vAd30 JVv3AN “d0 ¥v3d MO39 "d "4va3o
"HSVYM “d31S37 dVvaAN d3AIE dvd3ad MH04 HLNOS
"HSVYM “d31S3 1 dVAN HY3AIE dvd3ad MH04 HIHON
VM ‘NOLNTH HV3IN MHVd IOAIEIMVT LV ¥FTHD HOTAVL
"HSVM ‘311L1V3S 1V 02 WH3L 1V ¥ HSINVMNA
"HSVM ‘I11L1V3S 1V S INY3AL 1V J HSINVYMNA
VM ‘I11L1v3S 1SIM N LS NOANVHd MS 1V 40 MOT1349ONOT
VM 31L1LV3S 1V € TVNINYTL 1V d HSINVAMNA
VM I1LLV3S 1V S INNIAV LSdId LV d HSINVMNA
"HSVYM ‘VTTIMMNL LV ¥ HSINVMNA
VM VIIMINL 1Y 3SHNO0D 4709 1V ¥ HSINVYMNA

aweN uoiels

G.E6LLCI
coe6lLcl
ooeelicl
L006LLCL
G006Lilcl
0o06LLCL
oLssLicl
0ossilicl
oov8iicl
ooesLicl
0ocslLicl
0oo08LLcl
0c8lLicl
008ZLLCL
0041121
6691121
G69.LLCI
009/LLcL
00S.ZLLCL
o6v.LLClL
000.LLCL
0089LLCL
00/9LLcl
00S9Lict
0S¥9LLClL
00¥9LLClL
0oLotLLclL
0909tLct
0009tict
006Sticl
008GLLCL
00.GLLCL
00sSiict
ooestict
000Sticl
o0osviicl
oooviicl
ooselict
66vELLCL
€erellcl
cevelLlel
88¥ELLCL
gevellcl
0lvELLCL
ooveELLCl
oeeELLcl

ai-8us

Page 2-49

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

651

(zsanm)
ealy
abeuleiq

clooLLLL
clooLLLL
clLooLLLL
clLO0LLLL
clLooLLLL
clooLLLL
clooLLLL
cLooLLLL
€L00LLLL
clLO0LLLL
clooLLLL
clootLLLL
clLooLLLL
clLO0LLLL
clLOoLLLL
clooLLLL
clooLLLL
clLooLLLL
clLOoLLLL
clLOoLLLL
clooLLLL
clooLLLL
clLooLLLL

clLO0LLLL
clooLLLL
clootLLLL
clLooLLLL
clLO0LLLL
clLOoLLLL
clooLLLL
clootLLLL
clootLLLL
clLO0LLLL
clLooLLLL
clooLLLL
clooLLLL

clLooLLLL
clooLLLL
clooLLLL
clootLLLL
clLooLLLL

clootLLLL

(oamo) nun
o160j01pAH

6¢80c¢CL
0G.20¢cL
geL0cel
0€90ccL
8vv0cclL
Svv0ccl
Svcocel
8010ccL
£0S0¢cL
Svv0ccl
yevrocel
€690¢cL
8€90¢¢cL
6G€0ccCL
8lv0cclL
Ly¥0ccl
60€0ccL
yceocel
6¢s0ccl
¥0€0cCL
Lye0ceL
ereocet
8vc0ccl
Lleocel
0cLocel
olcocel
¥100ccL
Lgcleel
geeleet
L0cLect
oclieel
Lv0Leel
2s60¢cct
yv60cCCL
0G60ccCL
9060c¢L
€060ccL
2e80cet
L€80¢cCL
0€80ccL
2l80cel
svoLeet
ooclLeel
14%44"
Lv0lech
Sv60cCL
(se@a1baq)
apnjibuo

Slevly
oLoviy
Sloviy
oLovivy
LEOv.Ly
GleeLy
G06€LY
c0cvly
€0EV.LY
Slyvly
YOEV.LY
8¢6ELY
LyvELY
9G9€.LY
0€9€LY
809€.¥Y
qlseLy
LLSELY
SLvELY
1GEELY
0eceLy
gceely
60€ELY
80¢ELY
SGlLELY
GG8c.ly
lclely
Leevly
ovevly
80EV.Ly
c09€LYy
LLoELY
ceseLy
80S€.LY
809€.Y
cvlely
108€LY
109€ELY
L09€ELY
109€ELY
€CoeLY
00veLY
8YLELY
GCLELY
8Y0ELY
eSLeLy
(se@a1baq)

apnjne

"HSVM ‘TTTIANIAOOM dV3AN H3AAIE HSINVININYS
"HSVYM ‘ANONATY dvaN H3AIE HSINVININYS
HSYM ‘ANONQd3Y 1V d HSINVININVYS
"HSYM ‘ANONAIY LV MIFHD ¥v3d
"HSYM ‘ANOWAIY YN (HLNOW IA0EY) ¥3TFHD SNVAT
VM ‘ANOWA3IY "V3AN M3ITHO SNVYAT
"HSVM ‘ANOINATY ¥VAN AYVLNEIYL MITHO SNYAT
"HSVYM ‘NOWAIY "VAN AYMV.LNGIL M3THO Hv3d
"HSVYM ‘ANOWQA3IY dN ¥O dv3ad AGV d0 IMV13IOVLLIOD
"HSVYM ‘ANOINATIY "V3N "0 VY1 IOVLLIOD
VM ‘ANOWATY dN Y330 dv3ad
"HSYM'ANOINATY YN ¥ dv3d 9v d HSINVININVYS
"HSVYM ‘ANOWAIY "vaN IMVT HSINVININYS
VM ‘ANOWATH IN AMMd ‘WINVYS ™M1 3 1V 40 AOOMITONI
"HSYM ‘ANOINATY ¥V3N "9yl INVT HSINVYININYS
"HSVM ‘HYNOVSSI dvaN ¥Y HLIYON-TINg LV 90 M1 3ANId
VM ‘HYNOVSSI dN 137LNO IMV1 3INId
VM ‘HYNOVSSI dN IMVT INId
VM ‘INATTI3E UN 3S AV HLZ8) 1V ¥O SIM3IT
"HSVM ‘HYNOVSSI dvaN Y3THO SOV ONIHONYT
"HSVYM ‘HYNOVSSI dvaN Y3340 s113g4diL
VM ‘HYNOVSSI dVAN AVM LHOdM3AN 3S 1V J0 S113gdiL
VM ‘HYNOVSSI YN ‘HLNOW YN M3TFHO HYNOVSSI
HSVM HYNOVSSI 1V HLNOW 1V ¥0 HYNOVSSI MYH04 1Sv3
VM ‘HYNOVSSI 1V Y3340 HYNOVSSI MHO04 1SV
"HSVM ‘HYNOVSSI dvaN Y3340 HYNOVSSI
"HSVM ‘LdV9OH ¥V3aN Y3340 HYNOVSSI
"HSVYM ‘ANVTMHIM JV3N M33HD VLINVAr
VM VLINVAr 1V M33H0 VLINVNP
VM ‘ANVTIYHIM 8N LS dNZEL 3N LV M3TFHO VLINVNP
VM ‘INATTI13G LV 11V41N0 ¥3IMIS WHOLS SNMOA ATHENS
"HSVYM ‘INAT 113G dVAN MITHO Y30H3IAN
JNATTTEG 1V HO SAYVHOIY 40 9ld.L Mdvd 39diddOOM
VM ‘INATTI3E dV3N LS HL0E IS LV MIFHD 1ISNNS
VM ‘INATTI3E LV YFFHO AFSTIM HONVHEE LSIM
"HSVM ‘INATT139 UN ¥O (43043 HONVYYL ON) AT TIVA
VM ‘INATTI139 dV3AN LS HLZZ 3N 1V MIFHD ATTIVA
VM INATT139 LV d3LINONVIN NVIHLSNMOA IAV HL8V L
VM INATFTTIEG LV 431INONVIN NVIHLSdN AV HL8YL
VM'INATTTIE AATG STTIH M1 MT19 IMS WHOLS AV H18VL
'YM ‘INATTIAE LV 11V41LN0 J3IMIS WHOLS STTIH IMV
"HSVM ‘INAT 1139 dN M3I3FHD VOO
"HSVM ‘NOLN3YH dV3aAN ‘HLNOW 1V M3FHO AVIN
"HSVM ‘NOLNTYH UN MITFHD AVIN
HSVYM NOLNZYH dVIN M33HD AINOH
NOLNZY dVAN IMVT NIHO4d

aweN uoiels

00¢acich
000G¢cLcl
866vClcl
00sveicl
ooovcicl
00seciet
oogeciel
ooceelct
ooieciel
ooocciel
0o0scelet
oLoceiet
0oocelcl
ocslcicl
0c8lcicl
gi8lcicl
oiLglcicl
oogilcicl
0s/icicl
0clicicl
00/lcict
6691Clcl
oogicicl
oLsieicl
0ogLcicl
ooolcicl
0090¢1cl
oosocicl
06v0cLcl
08¥0clLcl
G0oocicl
00ooclicl
0s66licl
0o66lLLcl
0s86lLLcl
0086LLCL
G6/6LLCI
celelict
LELBLLCL
0cl6licl
Gelelicl
00.6L1LCL
0096112l
0os6lict
0sv6LLCL
oov6LLcl

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-50



Hydrology

Chapter 2

L'€C
8'Lc
19
GS'6
cle
yxé4
/Z
9've
A4
¢l
19°¢
€6l
(zsanm)
ealy
abeuleiq

6000LLLL
6000LLLL

60001121
60001121
60001121
6000LLLL
60001121
60001121
60001121
60001121
6000LLLL
6000LLLL
6000LLLL
60001121
60001121
6000LLLL
6000LLLL
6000LLLL
60001121
60001121
6000LLLL
6100LLLL
6100LLLL
6100LLLL
clookLZL
ZlooLLLL
ZlooLLLL
Zlo0LL L
clo0kL L
clookLZL
ZlooLLLL
ZlooLLLL
ZlooLLzL
clookLzL
clooLLZLL
ZlooLLLL
ZlooLL L
ZlookL L
clookLzL
clookLZL
ZlooLLLL
Zlo0LLLL
Zlo0LL L
clookLZL
clookL L
Zlo0LLLL
(oamo) yun
o160j01pAH

vv8Lich
Goocliel

c¢sélicl
Lv6llcl
[44:1374"
argLLcl
soeLicl
9cslicl
[44°1274"
0GSLicl
arsLLCl
¥0SLLcl
145°1174"
6€SLLcl
1421174
gesiiel
9lGLicl
80SLLcl
9cslicl
oviiicl
0es0lcl
olateel
gv8cect
glecect
oeglLect
CIYANAA)
Ly8Leet
141744
gclieel
8e6lccl
gcoceel
gealeel
Lg9lect
oselLect
YA A X AA
gerieet
lecsieet
glsiect
60clcel
0LLeet
cgliiect
lviieel
yeeleel
cvelecet
Lvclech
0S60c¢CL
(se@a1baq)
apnjibuo

oLLELY
LE9ELY

Ye9ELY
82C9€.LY
GEGELY
SvseLy
c0seLy
SvveELy
YGeELY
LOVELY
oveeLy
ccsely
8lLGELY
8GVELY
LEVELY
olseLy
€GVeELY
8EVELY
coveELY
0cevly
Geevly
(VIYA7A%
G0c08Yy
028G.Y
1457A%
Gcevly
LEEVLY
L0Sv.LYy
0esv.Ly
EYovLy
€CovLy
LLSY.iy
€Csvly
0csvly
ccsvly
009v.L¥
8G/V.Y
ce6yvLly
cesvly
YE9VLy
8Yov.LYy
0€LY.LY
106Vv.LYy
clevily
GLLG.Y
Gesvly
(se@a1baq)

apnjne

HSVM ‘HSIWOMAMS ¥VIN IMVT LNOYL
HSVM ‘HSIWOMAMS ¥V3N JLIHOVIVIA IMVT

HSVYM ‘HSINOMAMS VAN IMVT ATH44VOON
VM ‘HSINOMAMS ¥N IMV1d3dd0D
HSVYM ‘HSIWOMAMS "VAN IMV1 LdV3IH ITLLIN
HSYM ‘HSINWOMAMS dVaAN IMv1VvL13d
HSVYM ‘HSINOMAMS dVvaN IMV1 LdV3IH 9OI9
HSVYM ‘HSINOMAMS "VvaN IMV1 ANITIONY
HSVYM ‘HSINOMAMS dVv3aN IMV1 IINNOG
HSVM ‘HSINOMAMS ¥V3N IMVTUNVL HLHON
HSYM ‘HSINOMAMS dV3AN IMVY1IUNVL HLNOS
HSVYM ‘HSINOMAMS "VaN LOOMSTI IV
HSVYM ‘HSIWOMAMS dV3IN IMV1 LINO0T]
HSVYM ‘HSINOMAMS dV3IN IV IV
HSVM ‘HSINOMAMS V3N IMVT THVL
HSVYM ‘HSINOMAMS "V3aAN IMv13avr
HSVYM ‘HSINOMAMS "V3aAN IMV1 d1vd3Ing
HSVYM ‘HSINOMAMS dVvaN IMV11vd0
HSVYM ‘HSIWOMAMS dVv3aN IMv1 NHIOAL
"HSYM ‘HSIWOMAMS HVAN H3IAINE IAL
"HSVM “DINTOS HV3AN H3IAIY AL
VM ‘OFLTIMIN IN MIFHD Y3AMOd
ATTONVT UN IMV1 SSODO
NOLNITO dN IMVT d33a
"HSVM ‘I1L1V3S ¥VAN M33HD NOLNHOHL
VM ‘F111V3S °N 3N IAV HLO0E 1V 4O NOLNHOHL 4S
VM ‘311L1V3S ¥V3AN ISHN0D 4709 19 4O NOLNHOHL 4N
"HSVYM MUVd 1STFHOL IMVT LV MIFHD ¥3FTVON
"HSVYM “113H.LOG ¥V3AN M3IFHD ¥3IFTVON
"HSVM ‘SANOINA3T YV3N HIONITIVE IMV
S1HOITH ANOWHOIY "IN IMV1 OHO3
"HSVM MHVd LSTHOH IMVT 1V ¥IFHD NOAT
VM MHVd 1STH04 IMVT LV H18Z)L TN 1V HO NOAT
VM ‘FHONNIM dV3IN MIFHO dNVMS
"HSYM ‘THOWNIN LV M3TFHO dINVMS
VM “T13HLOE "V3AN MITHO dNVMS
"HSYM ‘30VHY3L IMVYILNNON HV3AN MITFHO ¥39140S
"HSVYM “HONVIN AOOMYIATY VAN MITHO dNVMS
"HSVYM “T13HLO4G LV 43AIY HSINVININYS
VM “1TTIHLOG IN AVMMEYA MFTHD HLIHON 1V ¥IFHO HLHON
"HSVYM "IT1IANIAOOM "VIN MIFHD HLHON
"HSVM “113HLO9 "¥V3AN YITHO HLHON
"HSVYM ‘TTTIANIAOOM HVAN AYV.LNEIYL MITHO HIHON
"HSVYM “T13HLOG ¥vaN ¥O ANN3Id M19 M33FHO HLIHON
"HSYM L1343A3 JV3AN MITHO ANN3Id
"HSVM ‘ITTIANIAOOM LV MIFHD Hv3d
aweN uoiels

0g86¢LCl
0v86cLcl

0c86elcl
olL8e6clcl
0086¢LClL
0G/6¢1cl
(VATAY4"
oLle6clcl
0c96CLcl
0L96cLcl
0096¢C1CL
06e6CLCL
0/€6¢lcl
09€6elcl
0s€6elel
oeeeeiel
0ceeciet
oLeeelcl
oogeelcl
oooeclcl
0068¢CLClL
0068¢lcl
ooeselcl
0g18clcl
0o08cLcl
008.¢1cl
00./2¢1cL
009/¢Lcl
00s.¢lcl
0ov.icicl
g6eLClCL
00€lcict
06clclct
LoLLclel
ooLzcicl
000.clcl
0069¢1Cl
0089¢lcl
0059¢Lcl
00c9cicl
00Locicl
0009¢Lcl
0G6G¢ClCl
0o6sclcl
008sclLcl
00sGcicl

ai-8us

Page 2-51

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

79
691
121
€8

¥'9S

68'8
6l
8¢

6'¢c
19

V6
9'C6
998
V'L
V2L
Syl
€89
9Ll
96l
Vil

8¢
€0l
L€8

6l
Ges
ol
90l
GGe
G6°0

9’5y
5'96

(zsanm)
ealy
abeuleiq

0LOOLLLL
0LOOLLLL
0LOOLLZL
0LOOLLZL
6000LLLL
60001121
60001121
6000LLLL
6000LLLL
6000LLLL
6000LLLL
60001121
6000LLLL
6000LLLL
6000LLLL
6000LLLL
60001121
6000LLLL
6000LLLL
6000LLLL
6000LLLL
60001121
6000LLLL

60001121
6000LLLL
60001121
60001121
60001121
6000LLLL
6000LLLL
60001121
60001121
60001121
6000LLLL
60001121
6000LLLL
60001121
60001121
6000LLLL
6000LLLL
60001121
60001121
60001121
6000LLLL
(oamo) yun
o160j01pAH

1444414
so9vicl
gesviel
8v8clcl
6c/Slcl
0G/S1clL
LesGlel
olgsicl
ovesicl
00ssliclL
€cesiel
ooLsiel
ovevicl
lievicl
olevicl
Lagvicl
oesvlel
0S.vicl
ov.ivicl
ov.iviclL
VAZI4T4)
ollvicl
celelel
0o9clicl
cleelel
141414
oeocliel
olevict
oeeriel
€sovicl
9corlcl
9geelCl
oleclel
oveciel
yyeelcl
Lggciecl
levelel
oseclel
oleLicl
GG/LLcl
oegLicl
0S.LLcl
gcelLlcl
coocliel
vilocicl
9G6LLCl
(se@a1baq)
apnjibuo

yG9€LY
6S0€LY
0c6ely
olecly
801Gy
9LLGLY
80¢G.Y
0G/S.v
0v9G.LYy
0681y
618G
0L0S.LY
0s6v.Ly
YeLGLY
8€LG.LY
YXA% VA4
414 VA4
0vSGLly
V€.LS.LY
V€LSLY
128G.¥y
8¢8G.Y
1G9G.LY
606G
718Gy
8€LG.LY
0€LGLY
GESGLY
0v9G.LYy
LGLG.LY
80¥G.LY
GLoG.LY
oleviy
00¥S.¥y
0c8vly
vioviy
8YeEV.LY
oeevly
0cvvly
LG6V.LY
0cevly
oviviy
9¢6ELY
€C6ELY
GCeeELY
ce8eLy
(se@a1baq)

apnjne

VM ‘ST1V4 JINTVNOONS YN H3AIE FINTYNOONS 4'N
VM ‘N3G HLHON YN LS H182Z¥ 1V d AINTVNOONS 4'N
"HSVM ‘aN39 HLHON dN ¥ JINTYNOONS MH04 37adiiN

"HSVYM “d3INNVL VAN H¥3AIE JINTYNOONS MH04 31adin
'VM ‘TOENOW 1V H3IAIE HSINOMAMS
JOUNOIN 1V 40 SAOOM
"HSVM ‘JOINOW dV3IN MIFHD SAOOM
VM ‘SYIHOVIN dV3aN MITFHO Y3INIdHVYO
VM ‘FOINOW YN MIFHD ¥IADIST0H MO 139 ¥IFHD SAOOM
"HSVM ‘SYIHOVIN dvaN Y3340 4¥391S30Y
JOUNOIN dVIN IMVT d3I9IS30Y
VM ‘NVLINS "VIN MIFHD 11313
"HSVYM ‘NVLINS "VaAN Y3340 AOOON
HSVYM ‘NV.LINS 1V d NV.L1NS M9 ¥ HSIWOMAMS
NVLINS 1V d NVLINS
"HSVM ‘NVLINS "VAN LNV 1d43IMOd M19 J3AIE NVLINS
"HSVYM ‘NVLTINS €N O NIVIdVHO M19 J3AIE NVLINS
"HSVM ‘NVLINS dvaN H3AIE NVLINS
"HSVM ‘NVLINS ¥N VA NOISHIAIA M19 J3AIF NV.LINS
VM ‘NVLINS YN HIF3M WA NOISHIAAIA 1V Y3IAIY NVLINS
"HSVM dNLYVLS dvaN H3AIE NVLINS
VM 'dNLYVLS dvaN V1VaAvds
VM ‘NVLINS "V3IN "3AIE NVLINS MH04 HLNOS
HSYM'NVLINS "V3IN M3FHO NOSIAVITIIM
HSVM'NVLINS ¥V3IN M3ITHD M13
NVLINS 1V o HSINOXMAMS
"HSVM “dvd d109 dvaN MITHD AVIN
"HSVM dNLYVLS ¥VaN MITHO AINTO
"HSVYM “dvg d109 "¥vaN Y3THO AINTO
"HSYM “{vd 109 1V "43IAIE IOVTIVM
dvd dT09 "dVAN IMVT IOVTIVM
"HSVM “dvd d109 dVaN H3AIE HSINOMAMS
"HSVM X3ANI 1V ¥3AIE HSINOMAMS MH04 HLHION
"HSVYM ‘X3ANI dv3IN M3TFHO INO0STT19N0HL
"HSVM X3ANI 4V3IN "3IAIY HSINOMAMS 4'S
"HSVM ‘ONIEVYE LV AHVLNGIdL H3AAIE HSINOMAMS 4°S
HSYM “H3AIE Y3 TN UN o HSINOMAMS '4°'S
"HSVYM H3IAIE 3TN LV H3AIE J3 TN
"HSVM ‘HSINOMAMS HV3IN H3IAIY 431003
"HSVM ‘HSINOMAMS UN MIATHD ¥3aMong1ind
"HSVM ‘HSINOMAMS HVAN HIAIL HSINOMAMS 4 'S
VM ‘HSINOMAMS "Vv3aN H3AIY SSOA
HSVYM ‘HSIWOMAMS dV3IN IMV1 SNVAT
HSVYM ‘HSIWOMAMS dV3aN 3TOHLOd INV1dOL
HSVM ‘HSINOMAMS ¥N IMVY1d0L
HSYM ‘HSINOMAMS "N INMVT MO0Y
aweN uoiels

ooocricl
008Lvicl
00GLvicl
0o€Lvicl
00Livicl
060lvicl
00olvicl
oosovicl
oooovicl
00s6€LCL
06v6ELCL
0006€1LCL
0068€LCL
0S¥8€LCL
00¢8eLCL
0918€1LCL
0G18€1LCL
0008€LCL
008.€LCl
06..€1¢CL
00§.€1¢CL
00€LELCL
06clElLCl
09c¢/€lLcl
00clElLct
000.€1LCL
0059¢€1Cl
0009€LCL
00sselCL
000s€lLcl
0o6veELCL
00sveELCL
ooovelcl
00GeeLCL
000cELCL
00/celet
0oscelet
0ooceLcl
oooLeLct
0080€LCL
00S0€1CL
0000€LCl
0066¢1Cl
G686¢LCl
0686¢1LCl
0486¢1¢Cl

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-52



Hydrology

Chapter 2

c6l

FAR
6€'8
€09

8G°G
v'i8
9'6¢
6lL'¢
L6l
28’8
¥0'¢C
ve's
6°6€
VLl
€le
g'GlL

9°0¢
zze
eLy
Gl¢
L8
¥9°¢
98’1
161
669
6'€S
8'GY
9Ly
€0
GL'0
166
9'G8
192
Le'L
(zsanm)

ealy
abeuleiq

0LOOLLLL
0LOOLLLL
0LOOLLZL
0LOOLLZL
0LOOLLLL

0L00LLLL
0L00LLLL
0Lo0LLLL
0l0o0LLZL
0l00LLLL
0L00LLLL
0L00LLLL
60001121
0Lo0LLLL
0l00LLLL
0L00LLLL
0L00LLLL
0lo0LLLL
0l0o0LLZL
0l00LLLL
0L00LLLL
0L00LLLL
0lo0LLLL
0Lo0LLLL
0l00LLLL
0L00LLLL
0L00LLLL
0L0o0LLLL
0Lo0LLZL
0l00LLLL
0l00LLLL
0L0o0LLLL
clookLzL
clooLL L
0l00LLLL
ZlooLL L
0L0o0LLLL
0l00LLLL
0L0o0LLLL
0l00LLLL
0l00LLLL
0L00LLLL
0L0o0LLLL
0l0o0LLZL
0l00LLLL
(oamo) yun
o160j01pAH

geasiel
90vSicl
6lGSlclL
clesicl
0G/51¢clL
0c/siel
cevsiel
lcssiel
124515114
€0esicl
osevlcl
ceevlel
olLvicl
oovvicl
yyevicl
9llvicl
0s9clel
goocliel
9Gselcl
Glivicl
122114}
ovssicl
€cosiel
glesiel
glesiel
8cvsicl
L0€siel
Gglosicl
oosvlicl
8coslicl
ovsvlcl
0cLyicl
osevict
6c9vicl
Y0SviclL
olevict
6e8€clCL
ocselel
olselel
8€8clicl
€egelel
Sra4 474}
0Gevlicl
cliviel
445474"
oclvicl
(se@a1baq)
apnjibuo

ovvvly
cLoviy
ves8y.Lly
9EYV.LY
ov6eLY
ov8eLYy
cyovily
8G6E.LY
ce8eLy
718€LY
Sviviy
143 7A%
(1437A%
0SLy.ly
aclvly
8ELY.LY
oeevly
0cevly
Gcevly
Syevly
8G9€.LY
qlseLy
cSveLy
90vELY
(A1 %A 74
veeely
€0ceLy
0ceesLy
GG/lELY
EYCeLy
LELELY
Ge6CLY
9G9¢.¥y
6€5CLY
8GGCLly
oLlely
y§Scly
00Sc.y
QGvely
8vECLly
LyECLY
Gqleely
0cveLy
LeveLly
LeveLy
G09€LY
(se@a1baq)

apnjne

"HSVYM “TIVANA HV3AN MITHD AHHIHO
TIVANG AN IUVT LIHVOHVIN
JOYUNOIN "VIN IMVTONIMA
VM TIVANQG 1V ¥3AIE INTYNOONS
VM 1701 "V3IN M33H0 SNV
NOILYNYHVO dN IMV1 SINV
VM ‘NOILYNHVYD dVvaN MITFHO SIHHVH
"HSVM ‘NOILYNYVD ¥V3IN H3AIE JINTYNOONS
VM ‘NOILYNYVYO dUN HLNOW 1V d 1101
NOILYNEVO dN INVT SIOTONVY]
"HSVM ‘NOILYNYVYD dv3aN Y3340 13SSOLS
VM ‘NOILYNHVYD dN H3AIE 1101
VM ‘NOILYNHVYO dN NISVE ONILYVINOII M19d 110L 4 S
"HSVM ‘NOILYNYVO ¥N gIidL ¥3AIE 1101 M4 OS
"HSVM ‘NOILYNYVD ¥N H3IAIY 1701 MH04 HLNOS
"HSVM ‘NOILYNYVYD HV3N HIOAY3IS3Y 1701 4'S
VM ‘NOILYNYEVYO dN VLS H3ddN 1V 43AIL 17101 4 S
"HSVM X3ANI ¥V3AN M33FHO SdT1IHd
"HSVYM X3ANI dv3aN H3AIE L7101 ¥H04 HLNOS
"HSVM ‘NOILYNYVYD ¥V3N H3IAIY 1701 MHO4 HLHON
"HSVM ‘NOILYNYVYD HV3AN MIFHD NI44IHD
VM ‘ALID TIv4 UN ‘HLNOW AGV 1IN 01/8 ‘40 NOSH3L1vd
"HSVM ‘ALID T1v4 dV3IN Y3340 NOSHIL1vd
VM ‘ALID TIv4 1V ¥ JINTYNOONS
VM ‘ALID T1V4 1V H3AIE ONIOVY
"HSVM ‘ALID T1V4 "V3AN H3AIE ONIOVY
NOLS3Hd dN IMVT IOV
"HSYM ‘FINTYNOONS HV3AN M33HD 1NMOL
NM JINTVNOONS UN O d3Avad
"HSVYM ‘FINTVYNOONS HVYAN H3IAIE JINTYNOONS
"HSVYM ‘TINTYNOONS 1V "3AIY JINTYNOONS
VM ‘aN39 HLHON 1V 93AIE JINTVNOONS 4'S
"HSVYM ‘MOIMIODAT dV3IN MITHD AF1XO0d
"HSVM ‘STTv4 ¥vad30 1V IMV1 IMVYNST LIV
"HSVYM ‘STTV4 "¥vd30 "VaAN MIFHO AFTX09
VM MOIMIOAT 1V d JINTVNOONS 4S
VM VIOHVYO UN ST1V4 SHTFIM LV "H JINTYNOONS '4°'S
"HSVYM VIOHVYO HN H3AIE JINTYNOONS '4'S
"HSVYM VIOdVYO ¥N dO 3211V 9V o JINTYNOONS 4S
"HSVM ‘aN39 HLHON €N 6'ON ¥1 d JINTVNOONS 4S
"HSVM ‘aN39 HLHON dV3aN 9194l ¥ JINTVNOONS 4 S
"HSVM ‘aN39 HLHON dV3aN "3AIE JINTYNOONS 4'N
"'YM ‘AN3E HLYON ¥N ¥9 319v0 1V ¥ JINTYNOONS 4'N
"HSVM ‘TINTYNOONS UN M3FHD ¥OOIONVH
FJINTVNOONS ""N IMVYT MOOONVH
"HSVYM ‘JINTYNOONS YN M3FHD NVOITIVO

aweN uoiels

0050512l
08¥0G1LCL
0S¥0S1L¢CL
00¥0GLCl
0000G1LCL
0666v1CL
00S6viCL
0ooe6vLcl
0088vLClL
06.8v1¢Cl
00/8vicl
00s8vicl
ooesyicl
00lL8vicl
0008vLcl
006.vicL
008.vicl
00..v1LCL
009.vLcCL
00S.vicl
000.4vicL
00S9vicl
0009vLCL
009SvLCL
0GSGvicl
00SGvicl
06vSvicl
0o0svicl
008vvicl
00svvich
0ovyvicl
ooovvicl
006EVLICL
0o8evicl
00.Evicl
009€vicl
0GSeEvLICL
00sevicl
oovevicl
oLeericl
0ogevict
000€viCL
0oscvict
ooeerict
(144 474"
00cerich

ai-8us

Page 2-53

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

VGl

L

S'¥G
Ly
60°L
S1'C
o¥Si

(zsanm)

ealy
abeuleiq

6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL

6100LLLL
6100LLLL
8000LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
6100LLLL
8000}LLL
6100LLLL
6100LLLL
LLOOLLLL
LLOOLLZL
LLOOLLZL
LLOOLLZL
LLoOLLLL
LLOOLLLL
LLOOLLLL
LLOOLLZL
LLOOLLZL
LLOOLLLL
LLOOLLLL
LLOOLLLL
LLOOLLZL
LLOOLLZL
LLOOLLLL
LLOOLLLL
LLOOLLLL
LLOOLLZL
LLOOLLZL
LLOOLLLL
LLOOLLLL
LLOOLLLL
LLOOLLZL
LLOOLLZL
0l00LLLL
(oamo) yun
o160j01pAH

cllieel
yvoLeel
lcoleet
gvsLect
YAYARYAAS
8G/lLecl
oostLeel
1241 744"
LLgLeel
9c9lLeel
9GriLecl
1G/12¢el
8GsLecl
csviect
9Eviect
leeLect
aveLecet
8GviLeccl
osviecel
caviect
osvieel
lviieel
Llllech
Solieel
9coLeet
ov60ccL
Sv60ccL
0lg80cel
60L¢cel
ooLieel
2G6s0cel
9610ccL
6l10cclL
oviocel
oviocel
oleocel
gGeocel
8¢s0cel
¥0€0ccL
c¢eclocel
Ggclsiel
olesiel
0v00ccL
00s0ccL
0Gc0ocel
9000¢cL
(se@a1baq)
apnjibuo

L0¥08¥
GeS08Yy
€1908Y
L¥908¥
1GS08Y
€¥908Y
€¥908Y
¥2.08Yy
¥€.08¥
1G/08v
90808Y
2¢0808Y
L€€08Y
€108y
Sv08Y
GLs08Yy
82508Y
00S08Y
80508Y
cr908Y
0L.08Y
12€08Yy
YeY08y
€0908¥
80508¥
02908Y
G0€08Y
0S€08Y
€V8G.LY
GCsSly
8EVG.LY
VA4% VA4
909G.¥
GC6G.LY
G288y
00L08Y
€5008Y
16208y
00¢08Y
ZcLeosy
GLeosy
0cL08Yy
oveSLy
0€0G.Yy
14 (s17A%
14%°17A%
(se@a1baq)

apnjne

VM dITVY1NL dV3AN MITFHO dITvINL
VM dITY1NL IN HLNOW UN Y3ITFHD dITVINL HONVYE 1SV3
VM dITVINL ¥V3AN MITHO dITVINL HONVHSG LSV
VM dITVINL "IN IMVT NOLTIHS AYVIN gV 4O HONVHSG LSV3
VM dITV1NL ¥V3N HONVYYHE LSY3 IA0EV MIATHD dIMvINd
VM dITY1NL "N IMVYT dNTIVIM MO13E MIATHD dITvVINL
VM dITVY1NL dV3IN L37LNO LV INV1dNTIVIM
HSVYM dITvINL YN L37LNO0 L4VHOIOHS 3NV
"HSVYM dITVINL ¥V3aN L4VHOIOHS 3NV
dITVINL "N IMVT I7ddvavdo
dITVINL dIN IMVTVINOT
"HSVYM ‘VYNVATIS JV3IN NIMAOOO IMV
VM dITvINL dv3aN Y3340 NOISSIN
HSVYM ‘HOV34 NOISSIIA ¥N 4O NOISSIN
HSYMJITVYINL YN 2# 9191 4O NOISSIN
VM dITVYINL dV3AN MITHO NOISSIN OL AYVLNgldL
HSVYM ‘TTTASAEVYIN dN IMVY1 SSOY
HSYMdITVINL IN AYV.LNEIAL 4O NOISSIN
HSYM ITTIIASAYVIN ¥N dO NOISSIN
VM dITVINL "IN IMVYTINVYS NHOr MO39 M334D NOISSIN
VM dITv1NL dv3N 3IMVYTNVYS NHOr
HSYM‘ITTIASAHYIN 1V ¥I33HD NOIODHNLS
HSYM ITTIASAYVIN UN GIdL Y3340 va3o1INo
HSVYM ‘TTIASAEVIN dV3IN MITFHO vAIOTINO 4'M
"HSVYM ‘TTTIASAEVIN UN MHO4 1SIM AGY €O va3oT1iNo
"HSVM ‘TTTIASAYVYIN HV3IN M3FH0 Yd3aD 1IN0
VM ‘FTUASAYVIN 1V ¥3FHD NITIV
"HSVM ‘TTTIASAYVIN 9V3IN MITHD NOSNNIN
"HSVM ‘L13Y3IAT 1V ¢ AVMHOIH SN 1V d HSIWOHONS
"HSVYM L13H3AT HVAN MIIHO AOOM
HSIWOHONS 1V d HSIWOHONS
HSINOHONS 1V d XONHOId
VM ‘HSINOHONS ¥V3N H3AIE MONHOTId
VM ‘SNIATLS IMVT ¥VIN MIFHO ¥3IHLINV
HSVM SNIAZLS IMVYT AN dO I3nondnd
"HSVM ‘SNIATLS IMVT LV ¥AFHD SNIATLS
HSVYM'SNIAILS IMVT EN INVTSNIATLS
SNIAILS IMVT UN IMVT AAISSYO
"HSVM ‘SNIATLS IMVT HVIN O MONHOTId I1LLIT
HSVYM ‘SNIATLS INVTUN ¥ MONHOTId
"HSVM ‘STTV4 ALINVYD HV3AN HIAIE MONHDTId
VM ‘STTV4 JLINVHO N "D AHLHOM M19 J3AIE MONHDTId
VM ‘FOINOW HV3IN MIFHD HONIHS
VM ‘HSIWOHONS HV3IN MITHD SNVAT
"HSYM ‘FOHINOI HV3AN H3IAIY HSIWOHONS
HSYM ‘JOEINOIN dN H3AIY JINTYNOONS

aweN uoiels

0v08G1L¢ClL
¢c08Sicl
0€08G1LCl
Gco8slicl
01L08GLCL
8008G1¢CL
£008G1¢CL
1008G1cCl
0008G1LCl
066.G1¢C1
006.4G1¢CL
005.61¢L
0Gc/lSicl
LvelSicL
0lclsich
c0c/Siel
00¢/G1cL
0L11G1¢CL
0SL.251¢CL
ovLLSicl
0€LLG1CL
Ge0.LG1lCL
0€0.G1Lcl
0c0.4S1¢CL
G00.4S1¢CL
000.4G1¢CL
0059G1¢CL
00¥9G1LCL
0019G1LCl
0009612l
0056512l
00vSSLcl
00€sSLCL
000GS1CL
00SvSicl
0oovsich
005€SLCL
00LesLel
000€GLCL
008¢G1LCL
00scsieh
000csicl
00§161¢cl
000LGLCL
0080G1LCl
00£0S1¢CL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-54



Hydrology

Chapter 2

1G€
G0

S0°€
c6¢
9€'9

340

41
869

6Ll
LC
cs'8
L'Ey
L0y
[AVA

(zsanm)
ealy
abeuleiq

6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
6L00LLLL
8000LLLL
8000LLLL
80001121
8000LLLL
8000LLZLL
8000LLLL

80001121
2000121
8000LLLL
8000LLLL
8000LLLL
8000}LLL
80001141
8000LLLL
L000LLLL
8000LLLL
80001121
80001121
S000LLZLL
8000LLLL
8000LLLL
80001121
80001121
8000LLLL
8000LLLL
8000LLLL
80001121
80001141
8000LLLL
8000LLLL
8000LLLL
80001121
90004121
8000LLLL
8000LLLL
9000LLLL
80001121
6100LLLL
6100LLLL
(oamo) yun
o160j01pAH

5125(0] 745
Ll1§¢€ect
ooveect
9c¢evect
6cceeel
Ov.lceel
oLeeeel
olLocect
ocelect
geelect
GvSlect
(U 43%44%
ooglect

9r60ccL
gleLect
geelecet
0080ccL
GgeL0cel
YAZAVAAN
¥¥00ZCL
Svesicl
clesiel
Svovicl
y0cvicl
ooovicl
8lgclcl
¥0.,02¢CL
Gvsocel
S0v0ccl
olosiclL
ovssicl
Sov0cel
0c8sliel
gvesicl
Govsicl
10/51¢L
oeovicl
8esvlcl
oeovict
0coclel
0sselet
osvelet
0sveElel
9v0ceel
1241744}
9r0ceel
(se@a1baq)
apnjibuo

0G¢06+¥
0L€08Y
909G.¥y
Levi8y
8G618Y
L1G18¥
S0¥08¥
LvCi8y
00¥18Y
GeolL8y
G608y
Sv0L8Y
1444314

8GG18Y
0€618¥
51495%14
Glelsy
olci8y
1441214
¥0918¥
00.18¥
L2ol8y
Gv918Yy
817918¥
Glol8y
¥0.L18¥
€0¢l 8y
ovLl8Yy
Gcol8y
0cecl8y
0ecl8y
G0018Y
0vS08Y
GL.08Y
¢0.08¥y
2Lo08y
0€508Y
cLs08Yy
00¥08¥
00¥08¥
0L¥08Y
0c¥08Y
0v908Y
€0018¥
2c608Yy
¥2.08Yy
(se@a1baq)

apnjne

"0'g ‘IdOH YN Y3AIY LIOVMS

VM ‘LNIOd HSNE ¥N L3Nl ALTVHINQY OL g1¥1 AINVNNN
VM ‘NOLTIMXVYIA VAN ¥3FHD SNLIND

VM ‘YON4 3A NVS ¥N IA0D NN3Id OL didL A3INVYNNN

VM “HOGHVH VO UN AVE LIDVYMS OL didL A3NVYNNN

VM ‘aNVISI ONVIAVO NO AVE LIDVYMS OL gidL A3NVYNNN
VM ‘SI ONVIAVO NO IOVSSVd YOOLVHVS OL gi¥L AINVYNNN
HSVM ‘AOOMNVLS N ¥ HSINVNOVTIILS

VM ‘GOOMNVLS ¥V3IN MIFHO HOHNHD

"HSVM ‘NOLONITHY §VAN YIFHD HSIA

VNVATIS IN 3NV M

VM ‘NOLONITHY ¥VAN MIFHO IOVLHOd

"HSVM ‘VNVATIS VAN X33HD MONHITId

"HSVM ‘LNVAYEG "V3IN MIFTHD MONHOITId
VM ‘OSO "V3aN IHVTHONVYNVAYOD
VM ‘YNVATIS UN H3AIY HSINVYNOVTIILS
"HSVYM ‘NOLONITHY "N MITHO ONOHLSNHY
"HSVYM ‘NOLONITHY 1V ¥3AIE HSINVNOVYTIILS
"HSVYM ‘NOLONITHY "¥N ¥ HSINVNOVTIILS '4'N
HSYM ‘043010 1V 4 HSINVNOVTIILS '4'N
"HSVYM ‘OSO 1V Y3340 ¥33a
OSO 4N d HSINVNOVTIILS 4 N
VM ‘OSO dV3N M33H0 43a1N0g
"HSVM ‘NOLONIYEVYA UN ¥ HSINVNOVTIILS 4 N
"HSVM ‘NOLONIHHYA dVY3AN M3FHO JHINOS
VM ‘NOLONIHHYA YN d0 IHHINOS gV d HSINVNOVTIILS 4N
NOLONITEY 1V d HSIAVNOVTIILS 4 S
"HSVM ‘NOLONITHV dN ¥3IAIE HSINVNOVTIILS 4'S
"HSVM ‘NOLONITHY dV3IN M3IFHO0 NIr
HSVM OSO dN d0 dnd
HSVM OSO 4N dO NIF
"HSVYM ‘NLONTHY UN ¥ WIr gV d HSINVNOVTIILS 4'S
HSVM ST1V4 JLINVYO 1V J HSINVNOVTILS 4 S
HSVM STV 3LINVEO "N 4O NOANVYO
VM ‘STTV4 ALINVEO N MHVd DINOSVYIN LV "HO NOANVYO
"HSVM ‘STTV4 ALINVYO "dN " HSINVNOVTILS '4°'S
VM ‘ST1V4 JLINVHO VAN MIFHD NOSN34
"HSVM ‘LOTI3A "UN "d HSINVNOVTTILSd'S
VM ‘NOLIIATIS HVIN MIFHD NVYINAHVYOd
"HSVYM ‘NOLHIATIS YN H3IAIE HSINVNOVTTIILS 4'S
VM ‘NOLHIATIS UN 4O ¥3AN3IF M19 d HSINVYNOVTIILS 4S
HSVM NOLH3ANTS LV d HSINVNOVTIILS 4 S
"HSVM ‘NOLHIATIS "V3IN M3IFH0 ¥33d
VNVATIS IN INV1VHLEVIAN
VYNVATAS dN IMVT AdVYMOH
HSVYM dITvINL "V3N INVT SONINNND
aweN uoiels

00S0Z1¢CL
0vv0.LLCL
00¥0.1LCL
0ceosLet
GLeoLLCL
0LeoLLcl
G0€0L1LCL
00€0.1L2CL
0000Z1L¢CL
00S691¢L
00¥691LCl
00069121
009891¢CL

006891¢Cl
0008912l
00.491¢L
00§/91¢L
0ov.9Lcl
000491L¢CL
00699121
005991¢L
00€991¢CL
000991¢CL
00SG91¢CL
00059121
006v91¢CL
0LGv9lcL
006¥9LCl
000v9LCL
00G€91LCL
000€91¢CL
00529lcl
000c9lcl
00GL9Lcl
ooviolLcl
000l9lcl
005091¢L
00¥091¢ClL
000091LCL
00565121
00065121
0068G1¢CL
00€8G1LCL
¢L08Slcl
0.08S1¢CL
0G08G1¢CL

ai-8us

Page 2-55

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

¢l
vl
clLl
cL0
ovl
6'Gl
800

9€'¢
08¢l
1414
609
L'6v

06¢l
878
0/Lcl
1'8€
98¢
6'/¢C

0811

€v'0
e8¢
[44
g6l
0cLL

147
S0l
L'l6
666
666
ole
90¢
1L
g9/
2'e9
GG9
6¢l
18€
(zsanm)
ealy
abeuleiq

GO00LLLL
GO00LLZL
G000LLLL
G000LLLL
G000LLLL
GO00LLZLL
GO00LLZL
G000LLLL
G000LLLL
G000LLLL
GO00LLZLL
GO00LLZL
G000LLLL
G000LLLL
G000LLLL
GO00LLZLL
GO00LLZL
G000LLZL
G000LLLL
G000LLLL
GO00LLZLL
GO00LLZL
G000LLZL
GO00LLLL
GO00LLLL
GO00LLLL
GO00LLZL
G000LLZL
G000LLLL
GO00LLLL
GO00LLZLL
GO0O0LLZL
G000LLLL
G000LLLL
GO00LLLL
GO00LLZLL
GO00LLZL
GO00LLZL
G000LLLL
GO00LLLL
GO00LLZLL
GO00LLZL
GO00LLZIL
G000LLLL
G000LLLL

(oamo) nun
o160j01pAH

oosclel
gosclel
0svclel
900clicl
ooeclel
0catiel
gevolel
€Geolel
€Geolel
€ecrolel
ceeolel
evaciel
oosclel
oveciel
yGeciel
glociel
Lieelel
ovicicl
lelciel
0ssLicl
Z19L1el
vivilel
1410121%4"
l444174"
ocviicl
geeliel
/v0LLel
ov80lcl
8G80lcl
gGe0lcl
0es0olcl
¢s/0lel
0090lcL
8Lv0lcl
oocolct
covolel
oveolel
ocoolel
01850¢L
0€esoct
0slLolcl
0cvolel
0ceolel
€090lclL
0G850¢L
Slvolcl
(se@a1baq)
apnjibuo

ooLesy
gliesy
LELEBY
YS1LE8Y
GCLeEsy
olcesy
9lcesy
€618y
S8y
€leesy
80¢c8Yy
c0cesy
oveesy
0csesy
L19€8Y
SeLY8Yy
olsesy
009€8Y
129€8Y
G2ov8y
€50v8Y
2c6esy
¥09€8Y
610v8Y
ceov8y
€GLy8Yy
6lcy8y
YANAZ 14
0cevsy
1GEV8Y
0Gcy8y
9G¢ey8Yy
0cey8y
ccov8y
008€8Y
8GEY8Y
0cvy8y
0cersy
0ccy8y
(045214
0S¥¥8Yy
0v9v8y
0€0G8Y
710G8Y
0€ea8y
10006Y
(se@a1baq)

apnjne

HSVYM LNNOWITGHVIN 1V JO Nvddor
HSVYM LNNOWITGHVYIN 1V JO MdV10
"HSVM INNOWITGHVIN LV H3AIY 3AVOSVYD
'HSYM LNNONIT9HVIN IN d1 d 3dVOSYO
"HSVYM ‘LNNOWITFHVIN dv3aN H3AIY 3AVOSVYD
VM INNOWIT1GHVIN dVAN MITHO I194VIN
"HSVYM LNNOWI1gdVIN dN 19 3AVYOSVYD OS 1V O XIS
VM INNOWITgdVIN UN 2 LNH ¥310V19 3avIOSVyO HLNOS
VM LINNOWITgdVIN UN L LNH ¥310V19 3AvOSVYO HLNOS
"HSVYM LNIWT1GIN 8N 19 3AvOSVYO OS 1V ¥ 3AvIosSyD 4'S
VM INNOWI1gdVIN dV3AN NdVL 31adiN 3dvOoSYO HLNOS
"HSVYM LNNOWITGHVIN LV H3AIE LIOWMS
VM LNNOWIT1gdVIN dV3IN X330 ansgolid
"HSYM LNNOWIT1gHVIN dV3AN M3THO NOOvd
VM LINNOWIT1gHVIN HV3IN MIFHO SIMVYO MOT134d MIFHD NOOvd
VM LNNOWIT1gHVYN dVY3IN IMVY1NITHO
VM INNONWITGHVIN VAN MITHD NOIVE IN0GY 'H LIDOVMS
VM INNOWITGHVIN dN MITFHD YNV
"HSVYM LNNOWITGHVIN UN “HO YINTV AGY H3AIY LIOVMS
VM ‘NWITVHM3IN dV3IN Y3IIHD 173Ad009
ATTVHMIAN N AHdVYANNOL dN S3AVYOSYO N &N dO 113Aa009D
"HSVYM ‘WITVHMIN "9N M3FH0 WITVHMIN
VM ‘WITVHMIN dV3IN IMVYT XODTIM d3ddN
"HSVYM ‘WITVHMIN LV H3AIL LIOVMS
VM ‘WITVHIN LV M3THO ¥3aav
"HSVYM ‘WITVHMIN "VY3AN HIOAYASTH I9H0D
VM ‘WITVHMIN N 9I91 3N LIOWMS
"HSVM WITVHMAN dN 9O dINVAAd
"HSVM ‘WITVHMIN dV3AN M33H0 I1L1VITLS
VM ‘WITVHMIN UN H¥O OAVA dNVO 19 °0 31L1VL3LS
"HSVYM ‘WITVYHMIN dN ‘Hveg HOL03 743 LV o LIOVMS
"HSVYM ‘WITVYHM3IN dVvaAN HIOAY3S3Y 01avid
"HSYM ‘LINNOWITgHVIN dvaN M3ITHO Y3IANNHL
"HSVYM ‘WITVHMIN 9N M3FH0 3IANNHL
"HSYM ‘WITVYHMIN €N "0 H31SITIVOW M9 ¥0 ¥3ANNHL
"HSVM ‘WITVHMIN dV3AN HI0AY3ASTH SSOY
"HSVYM ‘WITVYHM3IN dVvaN ‘O A9Nd MO139 H LIOWMS
"HSVYM ‘WITVHMIN dVvaN MITFHO A9NY
"HSVM ‘WITVHMIN dN O 43HLINVd MO39 O A9nd
HSVYM NFTVYHMIN dN "0 JLINVED
VM ‘WITVHMIN 9N H3AIE LIDOVMS
"HSVYM ‘WITVYHM3IN dvaN Y3340 Y3Av3A4d Old
"HSVM ‘WITVHMIN UN HO STIAIA gV J3AIY LIOWMS
VM ‘WITVHMIN dV3IN IMVT ONANMS
"HSVYM ‘WITVHMIN "V3AN MITHO ONINLHOIT
'0'd ‘IdOH YN ‘AYANG TLNLNI 1V "H LIOVAIS
aweN uoiels

005€81CL
000€8LCL
00G¢8Lcl
00ce8lLcl
000¢8Lcl
005181¢CL
00cl8lcl
ocligicl
oLiLi8icl
ootLigicl
060181L¢CL
0ool8lcl
00508L¢Cl
00008LCL
0066121
0286.1¢CL
0086.1¢CL
00S6.1LCL
0006.1LCL
00S8.1¢CL
00¥v8.1L¢CL
0018.1¢CL
0G08.1¢CL
0008.L¢CL
00621121
004271¢2)
029./1¢L
0c¢S.L1CL
00S.2.1¢CL
0Sv./LCL
00021121
00S9/1¢L
0009.1¢CL
00SGZ1¢CL
00¥G.LCL
000G.1¢CL
00sv.LcL
oooviicl
00s€zlch
000€Lcl
00sciich
00ocsicl
00SLZL¢CL
oocLzicl
0ooLZicl
0090Z1¢CL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-56



Hydrology

Chapter 2

681
9'LS
ov.ic
16¢

L6¢

10¢€
A4
cle
€6¢
6G¢
6'LL
Zsl
Lee
€0'e
¥'9.
0991
v'ey
L'l
0ol
(zsanm)
ealy
abeuleiq

2000LLLL
L000LLLL
L000LLLL
G000LLZL
G000LLZL
S000LLZLL
S000LLZLL
S000LLZLL
S000LLZL
G000LLZL
S000LLZLL
S000LLZLL
S000LLZL
G000LLZL
G000LLZL
S000LLZLL
S000LLZLL
S000LLZL
S000LLZL
G000LLZL
S000LLZLL
S000LLZLL
S000LLZL
G000LLZL
90004121
9000}LLLL
9000LLLL
9000LLLL
9000}LLL
90004121
9000}LLL
9000LLLL
9000LLLL
90004121
90004121
9000LLLL
9000LLLL
9000LLLL
90001121
90004121
9000LLLL
G000LLZLL
S000LLZL
S000LLZL
G000LLZL
S000LLLL
(oamo) yun
o160j01pAH

oogsliel
121474}
LLoviel
LeEvvicl
Gevvicl
444 414"
lleviel
60vviclL
ocvvicl
geEvvicl
oseviet
yyeviel
oosvlicl
Lyivicl
cclviel
geoviel
geeviel
1215414
eveelcl
g€ciyict
oceclel
geoviel
gveelel
Svevicl
covelct
leeelel
ooeelel
oeeclcl
olociecl
80/¢lcl
oleciel
olgLicl
oosclel
oovelel
ooeclel
olgclel
ocvelel
6llclcl
6v0clclL
L60clch
oooclicl
gGeclel
c€oocliel
gG/clecl
cvaciel
oseclcl
(se@a1baq)
apnjibuo

00cesy
Geoesy
8CLE8Y
yceesy
0veesy
A TAN 4
809€8Y
LLe8Y
G08€E8Y
0LLE8Y
2G8€e8Y
€E6E8Y
ovov8y
¥G8E8Y
8G8E8Y
0S6€8Y
SoLy8Y
00€Y8Y
8GEV8Y
9EVV8Y
L0¥¥8Y
GeESY8Y
GLSy8Yy
GcLesy
62928Y
yevesy
0€0c8Yy
0518y
0c0c8y
2e0e8y
Sovi8y
qGvi8y
00518¥
00€18¥y
0€018¥
80018¥
Sre08y
0cL08Y
¥0108¥
2¢5008Y
0cs08Yy
0€628Y
€G8¢8Y
G09¢8Y
¥GG28Y
0€0e8Yy
(se@a1baq)

apnjne

VM ‘FLIHONOD dVaAN MITHO AANVYHD
HSVM JL34ONOD "N dO AINNIL
VM ‘13HONOD HVAN H3AIE LIOWMS
"HSVYM ‘T13HONOD 1V d3IAIY d3Mvd
"HSVYM ‘T13HONOD 1V HIALVMIIVL dd ¥3IMvE HIMO1
"HSVYM ‘3134ONOD LV NONNVYHS IMV1
"HSVYM ‘J13HONOD HVAN MIFHD ¥IANNHL
"HSVM ‘J13HONOD VAN SI™YVLNGIFL M9 MITFHO Hv3d
VM ‘F1IHONOD ¥VIN MIFHO ¥v3ad 4'N
VM ‘TLIHONOD HVAN MITFHO ¥v3d
HSYM‘ILIHONOD dvaAN MITHD AMOO0HY
HSYM‘I1LIHONOD dN NOILYLS a¥VvN9O 1V ¥3IHD INHJINS
VM ‘J13HONOD ¥V3AN MIFHD ¥NHLTINS
HSYM31LIHONOD ¥N ANVA H3IMVE HIddN 1V 43IAIY d3xvd
HSVM JL34ONOD "N NA IM9 d3ddN 1V IMVT d3anvd
"HSVYM ‘F1LIHONOD HN O NOSHIANY MO139 o d3apvd
HSYMILIHONOD dvaAN MITHO AANVS
HSYM‘31LIHONOD dvaN Y3340 ¥3a1n0d
HSVYM ‘3L3H4ONOD UN MITFHO MHvd
"HSYM ‘T13HONOD HV3AN 39AI¥9 H3ddN LV ¥IFHO Mdvd
"HSVM ‘T1IHONOD HV3AN MIFHD 14IMS
"HSVM ‘T1IHONOD HV3AN MIFHD ZLIAOHON
HSYM'JLIHONOD €N HO N9 AGY H3AIY d3Mvd
HSVM JL34ONOD dN dO NVIAMOVT
"HSYM MNVS V3N H3IAIL MNVS
HSVYM 1HOdMO0Y UN d MNVS
"HSVM ‘NOLONIHEVYA dVAN AUVLNGIEL H3IAIE MNVS
"HSVM ‘QHO4SNVIN JV3N H3AIE I1LIVINS
HSVM QdO4SNVIA dN "0 919
"HSVYM ‘NOLONIHHYA YN 40 919 A9V o I1L1VINS
"HSVM ‘NOLONIHEYA "VYAN MITFHO LHOIVHLS
VM ‘NOLONIFHVYA UN “HD JNIT M1 93AIE T1LLVINS
"HSVM ‘NOLONIYEVYA 1V J3AIE MNVS
HSVM NOLONIHEVYA "N "0 dv3T10 a9V d MNVS
HSVM NOLONIHHVYA UN d XONHD I LIHM
"HSVM ‘NOLONIHHYA UN ¥ MONHOILIHM AGY d MNVS
"HSVM ‘SSVd MOTdve UN H3IAIE MNVYS 4'S
VM ‘OLSI4D ILNOW N LIT1LNO YT V0D 1V {0 11011713
"HSVM ‘O1SI¥0 FLNOW dV3aAN IMV1 VOO
"HSVYM ‘O1S19D IINOW ¥V3IN LITINI INV1 LVOD
HSVM SSVd MOTdVE IN d MNVS d N
"HSVYM ‘LHOdMO0H YN H3IAIE LIOVMS
"HSVM ‘LHOdMO0Y UN "HO 10ogv1l
"HSVM ‘LHOdMO0Y dV3IN M3FHD NOHI
"HSYM ‘LHOdMO0Y N d0 10gv 11l ¥3addn
VM LINNOWIT1GHVIN HV3IN MIFHO AMO0Y

aweN uoiels

000561¢CL
00Sv61LCL
000v6Lcl
00G€61LCL
00ce6lel
000€61CL
00/¢61cl
009¢61LCl
00G¢61LCl
000¢61LCL
006161¢CL
0c¢8l6lcl
008L6LCL
00.L61¢CL
009L61LCL
00§161¢CL
0oole6lcl
008061L¢CL
0cL061¢Cl
81.061¢CL
0L/061¢CL
00.061¢CL
00v061LCl
0000612l
0066812l
867681¢C1
00v681LCL
00068LCL
00688LCl
00¥88L¢Cl
00€88LCL
00088L¢CL
005/81¢l
00048L¢cl
006981L¢C1
000981¢CL
005G81¢ClL
00€G8LCl
16¢G81¢CL
G6¢G8lcl
00058121
00.v8lcCL
00sv8LcCL
00€V8LCL
00cv8Lcl
ooov8lcl

ai-8us

Page 2-57

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

0.8¢
L0l
69
(zsanm)
ealy
abeuleiq

c000LLLL
€000LLLL
€000LLLL
€000LLLL
€000LLLL
€000LLLL
€000LLLL
€000LLLL
€000LLLL
6L00LLLL
6L00LLLL
6L00LLLL
L000LLZLL
L000LLLL
L000LLLL
L000LLLL
L000LLLL
L000LLZLL
L000LLLL
L000LLLL
L000LLLL
L000LLLL
L000LLZLL
L000LLLL
L000LLLL
L000LLLL
L000LLLL
L000LLZL
L000LLLL

L000LLLL
L000LLLL
2000LLLL
2000121
2000121
L000LLLL
2000LLLL
L000LLLL
2000LL2L
L000LLLL
L000LLLL
L000LLLL
2000LLLL
20001121
L000LLLL
L000LLLL
(oamo) yun
o160j01pAH

oeeeect
ylesecel
1G80€CL
0G.20¢€cCL
€e8gecl
lelGee)
145444
8055¢cL
gelgeel
¥G0€ccL
€oogeet
80ceeet
8vlceel
gclieel
€oleect
coleceet
€00ceel
oleleel
90gLect
oecLect
Ggce0cet
olvieel
vevieel
oleleet
Levieel
olcieel
0060ccL
8080¢c¢cL
0cL0cel
0G90¢ccL
0080ccL
0Gs0ccL
0090¢ccL
LLo0celL
6190ccL
,21s0¢¢cL
0vcocel
Gvcocel
1GlL0¢ccl
Ly8SlclL
0egsiel
gllocel
glesicl
0v00ccl
8G9GlclL
gossicl
(se@a1baq)
apnjibuo

SoLy8Yy
¥06€8Y
605€8Y
80¢€E8Y
9€/28¥y
0Geesy
croesy
G08c8Y
6182¢8¥
GGGZ8Y
clsesy
Ly€C8Yy
1G¢e8y
0LL18Y
00028¥y
L€028Y
cv9c8y
Sv9c8y
9G/28Y
0€528Yy
0S¥e8y
S0ve8y
2Gee8y
0G818¥
€0628Y
0€0e8Yy
00cesy
6Y71E8Y
602E8Y
yecesy
G06¢8Y
Gc6e8y
Gliesy
14514
8C1E8Y
oarLESY
Glecesy
G00€E8Y
0l6e8y
LEVZ8Y
6Cve8y
€Loesy
€08¢8Y
120€8Y
144514
0v0€E8Y
(se@a1baq)

apnjne

"HSYM ‘NVYHONITTIE ¥V3AN MITHO MV
VM ‘ANVISI SYOHO NO AVE JHOVSSYIN OL didL AINWVNNN
VM ‘ANVISI NVYNI NVS NO dAVO HSITONIT 1V 340 AINWVNNN
VM ‘ANVISI NVYNr NVS NO 3MV1 LNO¥L OL 9i¥L d3NVYNNN
VM ‘ANVISI NVNI NVS NO ANOd dAVD NVYOIY3INY
VM ‘ANV1SI MVYHS NO AVE MVYNDS OL 9idL d3WVNNN
VM ‘ANVSI Z3dO1 NO ANNOS Z3d01 0L didL A3NVNNN
VM ‘ANVSI Z3dO1 NO AVE SIAVA OL 9i¥L d3NWVYNNN
VM ‘ANVISI Z3dO1 NO AVE d3dSVr OL didl AIWVNNN
YM d3INNOIDVT N TNHO HSINONIMS OL Z¢ON didL d3aNVNNN
VM dINNOIVT dN TINNVHO HSINONIMS OL dlidL A3NVNNN
HSVYM "d3INNOJVT UN AVE LIDVMS OL ¢ON didl d3INVNNN
HSYMEINNOOJVT YN AVE LIDVMS OL 9i¥L d3NVYNNN
"HSVYM ‘NONY3A LNNOW ¥N 9IdL ¥0 Y3 LINIdHVO
SYMAYMNOD 1V H LI9VMS 4S 40 HONOTS ¥ILVM HSTHS
AVMNQOD 1V H LIDVMS 4 S
"HSVYM ‘NONY3IA INNOW dVAN H3IAIE LIOWMS
IMVT HVITO UN IMVYT d3AvIL
IMVT HVITO LV IMVT dv3a10
"HSYM ‘IMVT HV3ITO "N MITFHO SANVHIVMOON 43
"HSVYM ‘TIMVY1 919 ¥V3AN MITHD SANVYHIVMOON MHO4 1Sv3
VM ‘NONY3IA INNOW dVaAN YITFHO SANVHOVIOON
MV D19 LV IMV1 919
AVHININOIN LV INVT AVHININOIN
"HSVM ‘ATTTOOM OdA3S ¥VAN HIAIY LIOWMS
HSVM ATTT0O0M OdAIS dUN °O NISNVH
HSVYM AFTIOOM OdA3S dN dD 10090
HSVM NVINAT EN HO NVINISIM
HSVM NVINAT EN O MOv19
"HSYM “HITMNIN dV3N M3THO MOv1d
VM ‘NYINAT HVIN MITHD NVOIT1ID
"HSVYM ‘NVYIWAT VAN MIFHO HINHVd
HSVM NVINAT EN dO 3 TININ
NYNAT AN INVT HIIANIN
HSVYM NYINAT UN O MNVL
HSVM NVYINAT EN dO SA1IHO
VM ‘NVINAT IN M3THO SANOr
"HSVM ‘NVINAT dVaAN M33H0 Avd
"HSVYM ‘NOLTIWVH dvaN Y3340 Avd
"HSVM ‘NVINAT "V3AN ‘IMVT AVA MO39 MIFHO Avd
NYINAT YN IMVT AVA
HSYM ‘NOLTINVH UN H0 VL1340
HSVYM 90 AVA YN "0 V113401
"HSVM ‘NOLTINVH VAN H3AIE LIOVMS
"HSYM ‘NOLTINVYH YN MITFHD H3ATV
VM ‘NOLTINVYH dv3aN Y3340 371001 O
aweN uoiels

00800c¢C1
¢9.00¢¢!
¥5.00¢¢CL
05.00c¢CL
9r.,002¢C1
1,€/00¢¢C1
€€.00¢¢1
0€.00¢cL
8¢.00¢cCl
80.00¢¢C1
90400c¢1
¥0.002¢C1
¢0.00¢ccl
00£00¢cL
08900¢C1
G1900c¢1
00500c¢Ct
Gc¢000¢cl
02000¢ct
00000¢CL
008661¢CL
00S661¢CL
66¥661C1
00c661Cl
00066121
005861¢CL
000861¢CL
00./61¢C1
069.61¢C1
089.61¢C1
00§.61¢C1
00¢/l61¢CL
oLLz6lct
00LZ6lLcl
0v0.61¢CL
0c0.61¢CL
000461¢CL
005961¢l
00¥961¢Cl
0029612l
0.1961¢C1
GGl961¢CL
€G1961¢C1
0G1961¢Cl
00096121
005G61¢CL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-58



Hydrology

Chapter 2

1'9G
GG
6'GS
'l
60
750
L)
8¢
zL's
€Ll
9e'e
eLy
8.8
L€
WA
(zsanm)

ealy
abeuleiq

¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL

¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
c000LLZL
2c000LLLL
2c000LLLL
c000LLLL
c000LLLL
c000LLZL
2c000LLLL
20001 2L
c000LLLL
c000LLLL
c000tLLZL
2c000LLLL
2¢000LLLL
2c000LLLL
c000LLLL
c000LLLL
2c000LLLL
2c000LLLL
c000LLZL
c000LLZL
c000LLLL
2c000LLLL
(oamo) yun
o160j01pAH

8v./SlclL
oleocel
Ggeg0cel
9680¢c¢cL
Gg060ccL
6G/0¢cl
0c80ceL
Ggeg80cel
ocesicl
8c¢6slcl
0cssiel
glgsiel
gelsiel
€el8lel
6€9G1¢CL
8G9SlclL
GgGasicl
closiel
14255111
geosiel
olevicl
ocsvlcl
ggeclcl
LyvEeel
Ggcoceel
YA A4
€G68¢cect
0G/ccel
cvsceecet
gegeect
olsceel
6lvcect
GgGveect
6cveecel
olleeel
80lceel
0cglLeel
8v6lccl
141744
8G5Lccl
\viceel
c€loceel
8e6lecl
gloceel
0s0cect
gleeeel
(se@a1baq)
apnjibuo

€09¥8Y
810G8Y
801G8Y
¥2ea8y
0cea8y
90€G8Y
0cvaesy
G0SG8Y
SLya8y
A% 14°1°14
09G8Y
IreG8Yy
GlLeasy
GLeasy
90€G8Y
8G1G8Y
€60G68Y
2Gea8y
cveasy
[4A%4°1°14
0cvsesy
0€ve8y
81¢ca8Yy
8Yv6¥8Y
059781
€CLy8Y
8LG¥8Y
L1Sy8Y
905¥8Y
41214
SvSyey
olLov8y
615¥8Y
9GYy8Y
G1G¥8Y
S0Sy8Yy
LOv¥8Y
Lyey8y
60078Y
920v8Y
Glevsy
oreesy
ceeesy
0cresy
0oLLe8Y
9G8€E8Y
(se@a1baq)

apnjne

VM ‘FNODTIM dVAN MITHO WHVYM
VM ‘ONINIA UN YITFHO AINNIM MO 139 JIAIE MOVSHOON 4N
VM ‘ONINTA V3N MITHO ANNIN
"HSVYM ‘ONINIA dN H3AIEA YOVSMOON '4'N
VM “TIVANIY dvaN Y3340 V0D
VM “TIVANIY IN AVOH ¥HO4 HLHON 1V 40 ISHOHIOVY
VM “TIVANTN LV HLNOW YN MIFHD T1vaN3IN
HSVM TTVAN3IM 1V "0 TTvANIM
"HSVYM “H3I10V 19 YN H3IAIE MOVSHOON 4°'N
VM 4310V 19 "V3IN M¥ITHD NOANYD
"HSVYM “d3I10V 1D YN MITFHO AINAIA
HIIDVIO VAN M3THO MOIdANIH
VM “H3I0VT19 ¥VAN YITFHO T1ANHO0D 1SIM
HSVM d310V19O 1V Y3340 T1aNH0O
HSVYM “H310V19 1V HLNOW ¥N 4D dOT11vD
HSVM {310V IN HLNOW AGY dO dOT11vD
HSYM “H3I10V19 UN 0 dOTIVD
HSVYM “H3I10V19 1V ¥0 J1L1I1
HSVYM “¥3I10V19 1V ¥0 SIAVa
"HSYM “H3I0VT19 UN ¥O 3AVOSYO M19 d MOVSMOON '4'N
VM “HOIST130X3 1V H3IAIE ¥OVSHOON
"HSYM “H3I10V19 "VIN AYVYLNGIYL H3AIE YOVSMOON
"HSVM “H3I0V 1D JV3IN MIFHD YNITVO
FTVANE3I4 IN IMVT LNVYNNIL
VM ‘WVYHONITTIE LV ¥3FHD ANNDITVNOS
HSYM WVYHONIT13EG 9N M1avoLl
AVHONITI3E LV 'd0 INODLVHM
VM ‘WYHONITTFE LV 1S STFNVF LV YFTHO WOILVHM
"HSVYM ‘WYHONITTIE 9N AYIHOLVYH M19 d0 WODLVYHM
"HSVYM ‘NVYHONITT1IE YN MITHD NODLVYHM
NVYHONITI3E IN IMVTNODLVYHM
VM ‘WVYHONITI3G LV 1d QHVYNAVIA 1V 40 HOV34 "3ATIS
VM ‘WVYHONITIEE LV AVOd NNATH 1V Y3340 TN
VM ‘WYHONITTIEE LV AV dITON3 LV 1O dImon3
VM ‘WVYHONITIFEG dUN JAIHA IHOHS N LV MFTFHO ¥I1INIJHYO
"HSVYM ‘WVYHONITT13EG dN Y334 NISTO
HSVYM NVHONITTEE "N dO HLINS
"HSVYM ‘WYHONITTIE UN M33H0 NILSNY
VM ‘WYHSHIMOIM HN da AVE S 1V ¥ITHD NVINNVHE
"HSYM ‘WYHONITTIE "VAN MIFHO NOSHIAANY
ANVHONITT3E LV IMV1 NIAAVvd
"HSVM ‘NOLONITING UN HIAIL HSIANVS
NOLONITING IN Ad3IHOLVH M9 "0 Avdldd
"HSVYM ‘NOLONITING ¥N MIFHD Avdldd
HIDTV LV dO AvdldA
AVYHONITIIEG "IN IMVT HSINVS

aweN uoiels

0G..0¢¢C1
00€.0ccL
0GcL0ccL
00c.0¢cl
00040¢cL
00690c¢C1
00590c¢L
00090¢cL
00550¢¢CL
16¥502¢C)
06¥502¢C1
09€50cCL
0G€50cCL
0v€s0ccl
0c€s0cct
gLegocet
0Lesocet
86¢50¢Cl
G6¢50cCL
00050¢CL
00Sv0cCL
00¥v0cZcL
00cv0ccl
0G0¥0¢Cl
000+0cCL
006€02CL
0G5€0cCL
0v5e0ccl
006€0¢cL
000€0cCL
005c0cct
0G¥cocet
0¢veocect
00¥c0ccl
0lL€c0occt
00€cocet
050c0cct
000c0cct
09610¢cl
0S610¢C1
00610cCL
00510ccL
00LLocet
000L0ccL
00600¢C1
0G800c¢L

ai-8us

Page 2-59

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

6'¢Cl
96'8
886G
78S
6¢l
L'€C
L'€C
€c
€0l
L8
€el
g8l
rAVA
(zsanm)
ealy
abeuleiq

¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL

¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
700011 LL
(oamo) yun
o160j01pAH

geeeeet
Lgoeech
gv6ceccl
9G68cecl
oceveect
oeveeet
6elLeecet
80ceecet
9coceet
g'eeoeech
olleeel
cveceecet
ov8cect
,08¢cel
ye8cecl
c¢eleeel
6v5cccl
ovscect
ceveeel
Liveeel
y062¢¢CL
0G/ceel
clseect
Ll9¢eet
y0vceel
8v0cccL
gloceel
g€loceet
¢'ggllech
geLLecet
clereel
LgLieel
GgG60ccl
¥280ccl
8¢80¢cclL
€280ccL
8180c¢cl
gleocel
9G6/0¢cl
G080¢cclL
¥¥90Z¢CL
0c90ceL
oootLeel
€vecocel
8llocel
geeocel
(se@a1baq)
apnjibuo

Gligsy
Sr1G8Yy
0G1G68Y
00¢G8Yy
Ge0S8Y
0€058Y
12SG8Y
809G8Y
0G.G8Y
C'9€658Y
LGYS8Y
9€5G8Y
029G8Y
879G8Y
259981
9r9G8Y
¢G/G68Y
Y¥8G8Y
0L006¥
€G006¥
¥169G68Y
805G8Y
905G8Y
Gv9G8Y
2158
G0SG8Y
121G8Y
0S.v8Y
L'121LG8Y
1€0S8Y
8€8Y8Y
14 TA%%14
ovov8Yy
0cov8y
G10¥8Y
0cov8y
8L0¥8Y
65078Y
2S6€E8Y
000G8Y
60.¥8Y
€rov8y
Gceysy
029v8Yy
61.¥8Y
L19v8Y
(se@a1baq)

apnjne

VM ‘TTVANYI4 9N MI3HD ITNANIL

VM ‘TTVANY3I4 ¥VIN ‘QVOd INNTH LV M33HD FTINNTL

"HSYM 138NV 1V MIFHD ITANTL

VM ‘TTVANY3I4 YN 8O FTINENOL MOTIE 9O ITIANTL

"HSVYM ‘WYHONITIIE YN 2# 911 M3IHD FANTL

"HSYM ‘WYHONITIIE YN AYVLNEGIYL MIFHD ITANIL

VM ‘NIANAT "VIAN MIFHD ANvHLY3g

VM ‘NIANAT YN AVOY NIANAT AVE HOMIEG 1V ¥O ANVYLY3d

VM ‘NIANAT HVIAN AVOY ¥39AVE LSIM LV ¥D ANvHLY3g

VM ‘NIANAT YN 39AI149 LS H ANVYLYIF 1V 4D aNvyLy3d

VM ‘NIANAT HVIAN AVOY HIAAIY LV MAFHD dVHLHSIH

VM ‘NIANAT 1V AVOH NNATH LV MATHO dVHLHSIH

VM ‘NIANAT LV L133HLS INOYH 1V MITHD dVHLHSIA

VM ‘NIANAT LV ¥IFHD NId3d

VM ‘NIANAT LV (LSV3I) YITHO NId3d

VM ‘NIANAT LV NIVIN T 1V ¥F3HD dVHLHSIA

"HSVM ‘NIANAT LV MIFHD dVHL1HSIH

VM ‘NIANAT "VIN MITHD dVHLHSIA

VM ‘NIANAT EN "9°1 LV ¥IFHD dVHLHSIA

04 ‘FTTANOQYEYId HVIN MIFHD dVHLHSIH

"HSVM ‘NIANAT ¥VIN HIAIY MOVSMOON

VM ‘NIANAT UVIAN AVOH VINSATE 1V M33HD 1100S

VM ‘NIANAT YVIN AVOY TIFHL 1V ¥334D 11028

VM ‘NIANAT LV ¥ITHD WIAVH

VM ‘NIANAT YN AvOd WAV 1V ¥ WINVM

VM ‘NOSHIAT 1V HIAIY MOVSMOON

VM ‘NIHSO09D 1V ¥3F4D NOSHIANY

VM ‘NIHSO9 ¥VIN AvO¥ HLINS 1V MITHD NOSHIANY

NIHSOD "VAN MITHD HLINS

"HSVYM ‘TTTIAYVAID HLYON 1V Y3IAIY MOVSMOON

"HSVM ‘ONINTA 1V "3AAIY ¥OVYSHOON

VM ‘LANVZ NVA 1V 93AIY ¥OVYSHOON YH04 HLNOS

HSVM 39d149 NOXVYS 1V 4 YOVSMOON YH04 HLNOS

"HSVYM ‘WYHSHIMOIM HVIN MITHO WNMOOMS

VHSHIMOIM “UN MOT4LNO AYIHIOLVYH "HO WNMOOMS

NVHSHIMOIM "9IN MOTANI AYIHOLYH "HO WNMOOMS

VM ‘NYHSHIMNOIM YN NOISHIAIA IA0GY ¥O WNMOOMS

VM ‘NVHSHIMDIM HVAN MIFHD OHOI TV

"HSYM ‘NVYHSHIMOIM HVIN HIAIY MOVSHOON 4'S

"HSVYM ‘NYHSTNY LV XIFHD NOANVD

VM ‘LANVZ NVA UN H0 SHILSITH 19 "Y3AIY MOVSMOON HIN

"HSVM ‘ONINTIA YN H3IAIE ¥OVYSHOON 4'IN

VM'ONINTA YN NOILVLS dIANd 1V NOISHIAIA YOVSTHOON 4N

HSYMONINIA YN MITYD ¥ILYMEVYI1D

VM ‘FINODTIM HVAN MITHD HILYMEVITO

HSYMONINIA YN O HILYMEVYITO 9V H YOVSMOON dIN
aweN uonels

0oo€lLcet
0s6clect
ooeclect
g68clecl
0o8clecl
00/cieet
0osclect
08vclect
osvelect
oovelect
00ccleet
ooLciect
0s0clect
0voclect
geoclect
ococlect
ooocieet
0s6liecl
oo6liccl
oe8liccl
0ostiect
oeviiccl
osviiecl
ooviiect
oeEliect
oociiect
oootiect
0o60lccl
0080lccl
00.0leccl
00s0Lceh
08v0Lccl
0ooolLcet
00560¢CL
86¥60¢C1
G6¥602C1
06¥602C1
09¥60c2C1
00060¢CL
00680¢¢CL
00180c¢CL
00080c¢CL
066.0c¢¢1
006.0¢cl
068.0¢¢C1
008.0c¢L

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-60



Hydrology

Chapter 2

00¢ve
¢06
09y
0ctl
0SS
00401
005¢
0L9
000¥€
00441

0961

66V
0cLlL
00cs
8.S
0sey
08¢

/8¢
00¥0L
00.€
JAAY)
LEL
9.'6
919
€¢
L'vE
€€
'8l

G689

061
981
981

(zsanm)
ealy
abeuleiq

91¢010LL

L000LLZLL
L000LLZLL

L000LLLL
LO00LLLL
LO00LLLL
LO00OLLLL
L000LLLL
2c000LLLL
2¢000LLLL
2c000LLLL
c000LLLL
c000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
¥000LLLL
700011 LL
(oamo) yun
o160j01pAH

0020LLL
67159l
cOLLyLL
€eoovilL
9€L0vLL
LLSOSLL
8veLELL
¢08991L1
6GCv.LLL
¥00C.LLL
Or9ILLLL
L¥SS9LL
8129911
1G9GILL
0G20LLL
8€90G L1
01GcSLL
0GLcSLL
G08EGLL
{01 421%"
ceovLLL
GES08LL
9€0vLLL
60€L8LL
SYOLLLL
8Glylcl
vclelel
co/clel
geeleet
oselLect
ovsiect
cogleel
oogtLeel
olsieel
oostLect
Lsoveeh
oeeeeet
clggeect
ggocect
€eeeeel
ylogeel
evveect
YA A4
gGveect
ocveect
cveeecet
(se@a1baq)
apnjibuo

00LL8Y
Leci8y
€vlesy
€v6C8Y
Yv628Y
108LLY
yyeyoy
L¥S10S
0v0l6¥y
0v6c6¥
€e0e6y
9leedYy
9G6€109
025108
L18€09
yGcley
€lgcey
Ge6c6Y
059€6¥
8EVS61
9661 6%
1cesey
G2ov0§
620019
006¢C1S
LZy06Y
¢0S06¥
10SG8Y
GE6G8Y
60006¥
05658Y
1G6G8Y
6'€€698Y
€658y
0€8G8Y
Lv1G8Y
GclG8Yy
¥0.G8Y
G968y
816987
crorsy
oley8y
cr0Ge8Yy
1425114
€LLG8Yy
€r0S58Y
(se@a1baq)

apnjne

"dl ‘LY0dM3AN 1V "3AIY 37171350 aN3d
dl “93AIE 1S31dd "9vaN H3AIE LS3Aidd
1N 'STIV4 VIGINNTOD 1V ¥3AIY AvIHLY 14
LN "H3I0VTO LSIM €N HIAIY AVIHLY T4 MH04 31ddiN
LN ‘STIV4 VIGINNTOD "V3AN "3AIY AVIHLY 14 ¥HO4 HLYON
1N 'SID3Y 1S 1V "d MHO4 MHV10
1N ‘ANOININNEA VAN H3IAIE MHO4 MHV10
'0'g ‘AVIHITGHVIN LV H3AIE NVIAEVY]
"0’ HMNVEHOHIF LV J3AIE VIGINNT0D
‘09 ‘AFTIVA LNTFOSTHO N "IN NVOOTS
0'd ‘(0L "ON IONVD) NOSTAN 1V ¥IAIY AVNILOOM
'0'd ‘Avd SNITND 1V IMV1 AVNILOOM
"0’ "Y3AIY NVIAEVYT M9 93AIE NYONNd
"0'g ‘INVA NVONNAd LV Avd3~04 NvONNd
'0'd@'MIATYD '9'9 M9 93AIE NYONNA
'0'd ‘OM13 YN 39a149 SdITTIHd 1V § Y13
"0'd HIANAHVM LV H3IAIE AVNILOOM
"0'd "HANAIVYM dN H3AIE 1INd
"0'g ‘FT13FLS 1H04 LV HIAIY AVNILOOM
"0 MONHINWNTOOMS UN HIAIY AVNILOOM
"0’ "YVOITLSYD LV H3AIY VIGNNT10D
"0'd 'S31A33AN 1LV VT MOHHEY HIMO1
"0'd ‘NOLv3g UN H3AIE XVI1ddVINOONI
"0'd ‘IMOLSTINTY LV H3IAIE VIGWNTOD
'0'd ‘aTVYNOQ LV "3AIY VIGNN102
‘0'd ‘ONISSOYD ¥3Ad3A "VAN MITFHO 3SSTAT1S
"0'd ‘ONISSOHD ¥3AA3A "N HIAAIE MOVMITTIHO
VM H3I0V1O JV3IN INV1d3dd0D
VM ‘SYINNS ¥V3IN MIFHD ¥VVS
'0'd ‘NOASONILNNH dvaN ¥3AIE SYWNNS
VM ‘SYIANNS 1V X3390 NOSNHOr
VM ‘SYINNS 1V 1S NOSNHOF L1V Y3340 SYNNS
VM ‘SYINNS 1V 6 AVMHOIH L1V Y3340 NOSNHOr
"HSVM ‘SYINNS 1V ¥3AIE SYIANNS
"HSVM ‘SYINNS "V3N "3AIE SYINNS
VM “ANIV1E JV3IN av0d S3TI9 1V MIFHD V1OoMvd
VM ‘INIV1E V3N MITHD VLOMVA
VM “H3LSND "VIN MIFHO VLOMVYA MHO4 HLIHON
VM ‘Avd HOHIG YN ad INIT V113 1V 80 VLOMVA 4S
VM “H3LSND "VY3AN MIFHO VINHOLITVD
VLLIIFGVIA IN TVNVYO N3Id HSId LV HONOTS YNIMM
"HSVYM ‘NVYNNIHE 1V H3IAIE ¥OVSHOON
"HSVYM ‘TTVANY3H 1V Y3AIE MOVSHOON
"HSYM ‘FTVANY34 HV3IN HIAIE ¥OVSHOON
VM ‘FTVANY3H "V3IN Av0d L13HHVE LV M33H0 ITANIL
VM ‘FTVANY34 JV3N M33IHO ¥33a
aweN uoiels

005G6€CL
000G6€CL
000€9€CL
00585€CL
00SGS€CL
00SvSECL
008LEECL
0ocseeet
0ooceceet
006¢ceCt
089c¢ceCt
0v9ceect
09Gcceet
0oveeeet
0o€eeeet
005662¢C1
000.62¢1
00596¢¢C1
00096¢C1
00Sv6CZCL
000lvech
0008€cCt
oooceect
00s0€cct
000vcect
006GLccl
00.Glcch
059G1Lccl
00sGlech
o0oLglect
000GlLcch
oee6vLcch
o0oevicct
0ssviect
00svicel
osovieeh
ooovicet
086€lLccl
0s6elect
0oselect
SGlLeLeet
ovieLeet
ooLeLeet
geoclect
0s0€lect
ocoelLeet

ai-8us

Page 2-61

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

8L
899
699
00¢¢
606
00209
144
VL
el
161
0046S
00469
00469

00§
9.v
00cse
00cse

00¢Ge

[447
acl
G'LS
'S

z0.
00612
0062
0062
el
Ge
(74
89l
€89
89l
GLY
00Z¥2
(zsanm)

ealy
abeuleiq

¢000c0.}
¢000c0.1
¥00020.1
¥00020.1
#00020.1
¢000c0.}
¢000c0.1
100020.1
100020.1}
100020.}

1000201}
100020.1
100020}
100020.}

91¢010.L
912¢010.L
912¢010LL
91¢010.L
91¢010.L
91¢010.L
912¢010.1
91¢010LL
91¢010LL
91¢010.L
91¢010.L
912¢010.L
912¢010LL
91¢0L0LL
91¢010.L
91¢010LL
912¢010.L
91¢010LL
91¢010LL
91¢010.L
91¢010.L
912¢010.L
912¢010.LL
91¢010LL
91¢010.L
91¢010.L
912¢010.L
912¢010LL
(oamo) yun
o160j01pAH

0csesll
009¢8LL
Sy8eE8LL
oleesLL
0€6e8LL
GGSY8LL
8010611
ceIvLLL
0G9v.LLL
0G2S.LLL
0v9S.LLL
6SVV.LLL
908€LLL
¥Z8ELLL
cvLELLL
S0LELLL
9ceelil
LE9LLLL
60LcLLL
GG0CLLL
GG0cCLLL
ov0cLLL
0ceelil
0GLcLiL
0CLLLLL
CLLLLLL
SLLLLLL
SVLLLLL
60LLLLL
cyvelilL
SGvcLLlL
crvelilL
LyvelilL
cevelLllL
14 4%917"
SY8LLLL
GcocLiL
SL8LLLL
00LcLLL
yyLcLiL
920cLLL
LELLLLL
0GSLZLL
VLLLLLL
8€LLLLL
0020LLL
(se@a1baq)
apnjibuo

L¢essy
olLegsy
GCov8y
00978¥
02s¥8y
£G8G8Y
GG6G8Y
12GS8Yy
079G8Y
012987y
00L06¥
L¥SG8Y
L7658
118G8¥
€0006¥
GLo06¥
6v7106¥
10¥06¥
966G8Y
02658y
0c658Y
05858Y
GG1G8Y
ovLG8Yy
01168y
¢r0S8Yy
12058y
0lLov8y
Lv0G8Y
6v9¥81
2598y
6Y9v8Y
679v8Y
679v8Y
8GEV8Y
0ceesy
0cLesy
GlLocsy
0v618¥y
2¢6918¥y
ovvi8y
0lLocsy
0v918¥y
1GEL8Y
6v7118Y
L0L18¥
(se@a1baq)

apnjne

"HSVYM ‘M3 TdND ¥VAN M3ITHO adIHL

"HSVM ‘MITHND 1V ¥ I1L13M

"HSYM ‘M3TdND UN 90 M3ITHND

"HSVYM ‘OTVIN UN M33H0 MITIND

VM ‘OTVIN VAN 3NV MITIND

VM ‘AdH34 UN 93AIE I1LLIA

VM ‘MVYSTHOD HV3IN MIFHD SHIAN

"HSVM ‘LHOdH1IHON 1V ¥3AIE VIgWN100

"HSVM ‘LHOdHIHON dV3AN M3ITHO d33HS

"HSYM LIATIA UN MITFHD 433HS

‘0'd ‘ANVISSOY dVAN M3ITHO 433HS OId

"HSVM ‘LHOdH1IHON dV3AN Y3340 433d

AdVANNO4 TVYNOILYNYILNI 1V Sdldvd M9 o VIGIANNTOD

"HSVYM ‘AYANg YNY3ALNI 1V TIXNV o VISWN10D

AdVANNO4G TVNOILYNYILNI 1V H3AIL VIGANNT10D

'0'd ‘VLINVM LV "3AIL 3711340 AN3d

'0'd ‘VLINVM dvaN H3IAIE ONTVS

'0'd ‘OWTVS dV3aN "3AIE ONTVS

AdVYANNO4 TVYNOILVYNYHILNI LV 43AIG 3771340 dN3d

HSVM'STTV4 INITVLIN UN ‘ML LINV1d 43MOd AYVYANNO4

VM ‘ST1V4 INITV.LIN HV3AN HI0AYIASTH AdVYANNOg

"HSVM ‘ST74 INITVLIN IN NAND Z 9 ¥ 3771340 aN3d

"HSVM ‘STTv4 ANITVLIN LV J T340 dN3Id

"HSVM ‘STTv4 ANITVLIN LV ¥IFHD NVAITINS

"HSVYM ‘STIV4 INITVLIW "VYAN MITFHD NVAITINS

"HSVYM ‘STTv4 ANITVLAN ¥v3AN ¥33HO 1311NO

VM ‘STTv4 ANITVLIIN UN INVT NVAITINS

VM ‘STTV4 INITVLIN dV3AN ¥VIAN MITHD AIALVH

"HSVM ‘STTv4 ANITVLIIN ¥N O 131LNO A9V O NVAITINS

"HSYM ‘INOI IN NOANVYO X049 M19 "d 3711340 AN3d

"HSVM ‘INOI N NOANYD X004 139 ¥ 37171340 aN3d

ANOI UN H3LVMTIVL NOANYD X049 M19 " 3111340 dN3d

"HSVM ‘INOI IN H1MAH LN1ddd NOANVYO X0Od

NOI ¥N (IDVD AYVITIXNY) ¥ILYMAYIH IWYA NOANYD XOd

"HSVM ‘INOI LV Y3340 AddnN 31LLI7

"HSVYM ‘MOISND YN ¥O VINOOVL

VM MOISND JVIN MIFHD FT9NIEL

"HSVYM MOISND 1V ¥3AAIL 13dSITVvO

VM MOISND "VIN MIFHD ITIVINS

"HSVYM ‘MOISND "VYIN MIFHO YILSIHONIM

"HSVYM ‘YNIMIVA ¥V3AN MIFHD 113dSITVO

"HSVYM MOISND 1V ¥3AAIE T340 dN3Id

"HSVYM MSN ¥N 9 SIAVd

"HSVYM ‘YNIMIVA ¥V3AN MIFHD SIAVA

"HSYM ‘YNIMTVA ¥V3IN MITFHO ¥33a

"HSVYM LHOdM3AN 1V 2 AMH SN 1V d 3711340 daN3d
aweN uoiels

00.€0vCL
00seovCL
000€0¥CL
00G¢0vCl
000¢0¥CL
0051l0ovCL
0060021
0c¢S00¥CL
00500¥CL
00000¥CL
00666€C1
00966€¢C1
08566€CL
01G66€CL
00G66€C1
00€66€ECL
00066€CL
00686€CL
00986€CL
09686€C1
0GG86€CL
00G86€¢CL
06086€CL
00086€CL
006.6€C1
00L.26€¢CL
000.6€¢CL
0G696€C1
00696€C1
10G96€C!
00596€¢C1
06¥96€C1
08¥96€C1
0.¥96€C1
0S¥96€C1
c0€96¢cC!
00€96€CL
0cco6eCL
00296€CL
00196€C1
00096€CL
0G656€CL
016S6€CL
006S6€CL
008G6€CL
¢06s6¢c!

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-62



Hydrology

Chapter 2

9'¢ce
6'6C
96'9
181
208
20's
6°09
6'9¢€
A
191
Y0’y
6'GY
oLoL
14"
€8
6',9
€Gl
VAS
LLL
el
€Gl
6Vl
Lcl
¢ol
S9'L
¥6°C
890
8¢t
L'¥6
S6¢
80’V
vl
Gge'e
9€
2’8y
6'LE
L'yl
2’8l
00S¥9
6'LL
0L0¥
0) 4014
8'9¢
008¢
0GSs¢
(zsanm)
ealy
abeuleiq

1000201
1000201
1000201
1000201
1000201
1000201
1000201
1000201
1000201
1000201
1000201
1000201
€00020.L
€00020.L
€00020.L
€00020.L
€00020.L
€00020.L
€000c¢0.L
€00020.L
€00020.L
€00020.L
€00020.L
€000cC0.L
€00020.L
€00020.L
€00020.L
€00020.L
1000201
€00020.L
€00020.L
€00020LL
€00020.L
€000c¢0.L
€00020.L
€00020.L
€00020.L
€00020.L
€000cC0.L
1000201
1000201
2000201
¢000c0.1
¢000c0.1
¢000c0.1
L000LLLL
(oamo) yun
o160j01pAH

orvi8LL
GG908LL
6710811
¢v908LL
0cLL8lLlL
7061811
00.18LL
cecesll
Svcesll
6€CL8LL
cvLL8LL
LeCL8LL
LyE08LL
GE9S.LLL
9GLGZLL
0S9¥.LLL
SY8v.LLL
YevSLLL
0G¢S.LLL
1GEVLLL
€SvvLLL
9eceLLlL
GeceLLlL
6€CeLLL
YGLELLL
SoLeLLlL
900€LLL
LL6cLLL
olev.LiL
0GevLLL
[A°t4 744"
clovLLL
CLLVLLL
90L¥LLL
¢SlvLLL
¥0Sv.LLL
oleeLLlL
0€8ELLL
819¢€LLL
00£08L1L
0790811
02.L08L1L
12108l
7180811
GGCl8LL
0celL8llL
(se@a1baq)
apnjibuo

12018¥y
Gcol8y
9€C1 8y
92¢018¥
ceLl8y
€eLl8Y
ovsl8y
Gcsl8y
Lv918¥
L7818Y
028y
¥09¢8¥y
ovsesy
GCresy
1444514
Sroesy
oLLeEsy
¢08¢8Y
G00€E8Y
2G0e8Yy
8G/c8Y
¥29oe8y
€Y9E8Y
10.€8Y
YA AR 4
2e8€e8Yy
9r8E8Y
816E8Y
0L618Y
00.18¥
8€518Y
8€/18Y
GcLiey
118081
90.08¥
8CE08Yy
GeEE08Yy
0ce08y
82908Y
0c.Le8Y
0c6e8Y
0ceysy
S0.y8Y
1GEG8Y
706581
geLoey
(se@a1baq)

apnjne

"HSVM ‘VMIM ¥V3IN MITHO 3043d ZaAN

VM ‘VINOQID HVIAN YIFHO AIAYEVH

"HSVM ‘VINOQIO ¥N MIFHI AIAYVH YHO4 HLHON
"HSVM VINOQIO ¥N MITHO AIAYVH MHO04 HLNOS
NNITIHONI 1V ¥3340 YIONVHLS

NNIMTIHONI dV3N 3NV ANNOY

"HSVM “HOILAN 1V MITFHD HIDNVHLS

VM ‘WNITIHONI UN 3NV NIML 'S

VM ‘WNITIHONI AN 3MVT NIML N

"HSVM ‘INNITIHONI 1V M33H0 11VH

"HSVM ‘ASIVA "VAN Y3IHO WIr I1LLIN

"HSVM ‘IOId "VAN M3FHD AGVNYVE

"HSVM ‘ST1V4 J1LLIM 1V ¥3IAIY ITTAT0D

"HSVM ‘FTTIAT0O YN HLNOW 1V ¥D 1IN

"HSYM ‘FTTIATOD ¥VIN MIFHO TN

VM ‘TTTATOD "VIAN 'SUHO04 MO13E MIFHO TTIN
VM ‘TTTAT0D ¥VIN IMVYT AN ILIHM

"HSVM ‘NIQ¥V dN O ¥3TIVH

"HSVM ‘NIAYV LV d ITTI3H40 AN3Id ITLLI1

"HSVYM ‘FTTIAT0O ¥V3IN M3FHO ISSIOYVYN

"HSVM ‘ITTIAT0O ¥V3IN H3AIY IT113H0 ANAd I 1LLIN

HIAOIL dVAN IUVT ALHTIHS
d39IL UVAN IHVT1 ILLITUD
d39IL JVIN IHVT SYINOHL
dIOIL UVAN IMVT IOVLIYIH
"HSVYM “439IL YN O (NHOHDIF) NIHOLVd
HIOIL IVAN INVT 031
d39DIL JVAN IMV1 43 1vdd
"HSVYM M3TE0 INT9 LV 43IAIE ITUAT0D
"HSYM ‘HVYTIMIHO LV ¥33HD HYT1AMIHD
"HSVYM ‘HY13IM3IHO 1V o ITTIA100
"HSVM ‘HYT13IMIHO dVaAN Y3340 NOSVYINOHL
"HSVM ‘ATTIVA dVAN IMVT SLLIVM
"HSVM ‘ATTIVA dV3aAN IMV1 30r 440dNNr
"HSYM ‘ATTIVA JV3AN Y3I3H0 ¥33a
"HSVM ‘TTVADNIECS 1V M¥ITHD d33HS
"HSVM ‘IMVY1NOOT LV 4O d33HS
"HSVM M1 NOOTUN M1 NOOT
"HSVM ‘IMVYTNOOT dVvaAN IMV1 ¥33a
"HSVM ‘STTv4 3T1LL3IM LV "43AIL VIGNNT10D
"HSVM ‘STTv4 31LLIM ¥V3AN MITHD AONVYN
"HSVM ‘SAA0S LV J3AIY 37LL3IN
"HSVYM ‘MOLSHVE UN J3AIE I7LL3IN
"HSVYM LNIIHO JV3IN IMV1 IHH3Id
"HSYM “HIIHNVYT HVAN H3AINE 371L13IM
'0'd '3AVYOSVYO 1V H3IAIY I1L13IM

aweN uoiels

0LL0LbZL
0020121
05901121
00901121
0050121
0500121
00001121
02660121
00660+21
00S60+21
06260121
00260121
00060+ 1
00/80%21
00580+Z 1
0580121
ovr80vZL
0Zr80VZL
0L¥80vZ1
00%80%21
00£80VZ 1
91280121
v1Z80v2l
0Lz80vzl
50280v2 1
00280421
G6180121
06180121
00080+Z 1
00.L0%21
089.0t21
009.0t21
0S5.0v21
0€S.0v21
025.0v21
00S20t21
000.0%21
00590121
00090+ 1
00SS0¥Z 1
00%S0VZ 1
000S0VZ 1
0060121
098Y0vZ 1
00SY0VZ 1
000¥0tZ 1
ai- ans

Page 2-63

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

L0b

LOb
gee
v/l
13
cvl
00c¢s
99/

0205
0109
0661
689
689

404
6590
8lL¢
09
oct

06cy

0cey

00cy
00c¥
oLer

oSy

€€l
98¢
088¢
0/8¢
0v8¢
0col

90l
80l
[AN®]
90l
L'LG
Lel
(zsanm)
ealy
abeuleiq

80€010.1
80€010.1
80€010.1
80€010.1
80€010.L
91¢010.L
L0€010.1
L0€010LL
L0€010L1
L0€010L1
L0€010L1
L0€010L1
90€010.1
90€010.1
90€010.1
90€010.1
90€010.1
90€010.1
6010901
60109021
90€010.1
G0€0L0LL
80€010.1
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL
G0€0L0LL

L0€0L0ZL
1000201
1000201
1000201
1000201
1000201
1000201
(oamo) yun
o160j01pAH

oviLcLilL
Ggceelll
€08L.LLL
SOELLLL
619LLLL
0160LLL
9eceLLlL
00L¥.LLL
00L¥LLL
OLLELLL
8v6C.LLL
10/L2LLL
[AYXAAY"
GGOoc/LLL
SOvCLLL
GG0cCLLL
9010411
cvOLLLL
0€V0LLL
SEVOLLL
€2C0LLL
€G9c/LLL
€G9c/LLL
009¢.LL
clecLilL
0ceclil
00LLZLLL
SeEVLLLL
€ovLLLL
0€cLLLL
EYLLLLL
G260LLL
0090ZLL
0CS0ZLL
ovv0LLL
G0S0LLL
0vcoLLL
1€8991L1
L1LL9LL
GZLioLL
90¢e8lLlL
c¢ceesll
8€ve8lLlL
909¢8LL
6¢618L1L
LLoLglLL
(se@a1baq)
apnjibuo

Gco08y
Sr108Y
05608Y
80.08¥
0108y
02908Y
yeovLly
0covLy
€CreLy
SCvvly
142 7A%
0sov.Ly
L16ELY
oleeLy
GLGELY
geeesly
¥50C.LYy
9l6LLY
GeCLLy
0celLy
olchly
VE6ELY
VE6ELY
0€6€LY
610V.Y
ovov.iy
0€LYLy
0SLvLY
ceLvly
0clvly
ccovly
Svov.iy
00LYLY
606€LY
109¥.Lv
9GS0V LY
SSLvLYy
Leviy
62911y
0189y
8L9G.Y
€C8G.LY
¥0108¥
0G208Yy
Yev08Yy
65808Y
(se@a1baq)

apnjne

VM Y13 9N H3AIY INYMOCS T1LLIT HONVYE LSIM
"HSVYM ‘M13 ¥VAN IXV1 VMO
"HSYM ‘LYOdM3N YVAN IMY1NITHOVS
"HSYM ‘LYOdMIAN YVaAN IMV1ANOWYIA
"HSYM W13 1V ¥3AIY INVMOCS I1LLIT
VM ‘VILOOS 1V H3IAIY INYMOCS T1LLI
INVIOCS 1V IAVA 3TN ANIN M9 "H INVIOJS
VM ‘INVMOdS dVaAN MITFHD 433a
VM ‘IMVTIVOIAQIN LV IMV1IVOIa3N
HSVM ANVMOJS ¥N 39adidg I 2 1V ¥ INVIOJS
VM MOCS LV MHVd I1VLS JAISHIAIY 1V ¥ ANVIOJS
INVMOCS 1V "Hg LHOIMM L4 1V ¥ ANYMOdS
INVMOCS 1V HLNOW 1V "¥4O NYWONVH
"HSVYM ‘ANYMOJS 1V MITHD NVINONVYH
HSVM ‘INVYOdS 9N 4O NYWIONVH
"HSYM ‘NVHOW 8N AYVLNEIYL M33HD SNIAILS
"HSVYM ‘@T131341V4 UN AYVLNEGIYL 9O MO0Y M4 0S
"HSVYM ‘HVYLY 1 ¥VIN AYVLNGIYL ¥IFHD NVINONYH
VM ‘VOMIL LV MIFYD (HYLVT) NYWONVH AN
VM ‘VOMIL 1V MFTFHD (HVLY1) NYINONVH
VM ‘YOM3L ¥VIN avOd aANIT ALVLS LV MIFTHD NYWONVH
"HSYM ‘ANYMOJS 1V ¥3IAIY INVMOCS
NOILYLS 1S31 d0a I21440 a131d INVMOCS
HSVM ‘INVMOCS 1V 89 IAV LNIHL 1V SIAIY INYIOLS
INVMOCS LV "IAV NOISSIN LV "d INVMOCS
HSVM INVYMOCS 1V LS NITFHD M19 ¥IAIY INVMOCS
HSVYM ‘INVMOdS 1V 49 Ay INNODYHY 1V ¥3IAIY INVMOCS
"HSYM ‘INYMOJS YN 9¥g INIHL M19 ¥IAIY INVMOCS
AOOMLINIYL 1V 39d199 LINIHL 1V ¥ INVIOJS
HSVM LNIYL 1V ¥3IAIY INVIOCS
HSVYM ‘AOOMLNIHL ¥N ¥9 d¥ NVAITINS 1V ¥ INVYMOJS
"HSYM ‘STHOVNITYO 1V ¥IAIY INVMOCS
VM ‘SQYVHOYO SILO N ¥9 QY QYVAYVH 1V ¥ INVMOdS
"HSVYM ‘IMVT ALYIGIT LV INVT ALYIEIT
"HSVYM ‘IMVT NYINMIN HVAN IMVT NVIAMIN
VM ‘SAYVYHOHO SILO YN 39AIYg ALY3A4IT 9V ¥ ANYMOdS
VM ‘SAYVYHOHO SILO UN INIT ILVLS VM-l LV ¥ INYMOdS
"al ‘ST1V4 1SOd UN H3AIY INYMOdS
al ‘¥3a1vO LV ¥3AIY 307 1S
Al ‘NOILVLS ¥IONVY FIOVIN ¥VAN H3IAIN NIV d ¥3N0D
"HSVYM ‘STTIN YVAN MIFHD ITNNTIHHL
"HSYM ‘SN ¥VAN YIIHD ITAXIS
"HSVYM ‘ANVILINYS ¥VIN MIFYD ITAININ IT1LLN
"HSVYM ‘ANVTLINYS ¥VIN MIFHD ITNININ
"HSVYM ‘SHILNNH ¥VYIN MITHD LINOWTIM
"HSYM ‘VMIM YVAN MIFHD STIvA
aweN uonels

0098¢vCL
00G8¢vCL
0008c¥CL
00S.¢vel
0004¢vCL
0059¢vCL
0009¢vCL
00SGevel
000Scvel
00Svevel
00¢vevel
00Lvevel
€00verel
000vcrel
086€CrCl
006€ECYCL
00.€cvel
0ssecyel
00G€eerel
000€crel
066ccvel
005cevet
0oveerel
0oleerel
0Locerel
00ocevel
00.1levet
00SLevel
oocierel
0ooLerel
0080¢vCL
0050¢veL
00€0cyel
0000c¥CL
00861¥CL
00S6LvCL
115 74%
00061L¥ClL
00Gvivel
0080L¥CL
06.0LvCL
G8.0LvcCL
08.0Lv¢CL
G./0LvCL
02/0LvCL
GLL0LYCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-64



Hydrology

Chapter 2

LG
VA"
cl
€8l
6'LE
g0l
v.¢
(zsanm)
ealy
abeuleiq

1000201
L0€010LL
10€010LL
10€010LL
10€010LL
10€010LL
L0€010LL
10€010LL
10€010LL
/0€010LL
L0€01L0LL
10€010LL
10€010LL
10€010LL
10€010LL
10€010LL
L0€01L0LL
10€010LL
10€010LL
10€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€01L0LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010.L
80€010LL
80€010.LL
80€010LL
80€010LL
80€010.L
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
80€010LL
(oamo) yun
o160j01pAH

6080811
6180811
G0808LL
6790811
1290811
02s08LL
02s08LL
GES08LL
GESO8LL
GESGO8LL
02s08LL
8v108L1L
81G08LL
8v108LL
GC9S.LLL
LELGLLL
8CLS.LLL
8cevLLL
GCO0S.ZLL
0C0S.ZLL
ovileLLl
evieLll
SvecLiL
Sv6ecLiL
00ScC.LLL
SlvclilL
clvelll
YovcLLL
c0velLiL
¢GeclLilL
€0ecLLlL
Sv0cLLL
6vLcLLL
VE6LLLL
S0LcLLL
€GeclLilL
oveelLilL
veeclilL
9ceclilL
€0cclLiL
60ccLLL
0€8CLLL
80VELLL
000cZLL
YRAVIAAY"
000C.LLL
(se@a1baq)
apnjibuo

LE6ELY
ovesLy
6YEGLY
YOvS.ly
LEVSLY
14515 7A4
128Gy
¢GSS.ly
909G.¥
10981y
8¥SG.LY
€e9G.LY
8¢SG.Y
6€G9S.Y
0€6v.Ly
(S 247A%
A% 7A%
Yv6SG.LY
CcLoGLYy
¢l0S.ly
GClyly
004v.L¥y
0S9v.LYy
059y
S0LvLy
S0LvLY
S0Vl
L0LvLY
S0LvLY
8G6¢C.LY
SIYAIA4
Sleviy
€GOVl
oleviy
SYov.ly
14 TAIAY
618V.Y
9c6v Ly
Ye0G.LY
9¢csly
62258y
00€S.¥y
80VG.Y
GCeGLY
8¥GS.lY
008G.¥
(se@a1baq)

apnjne

"HSVM ‘LHOdNIAVYA 1V O (MMVYH) AOOMNOLLOD
VM ‘8-a LINIdTTIM €N LT3IAISO0H M1 Agv ¥0 IN1d
VM ‘LINIATT3IM dN HLNOW ¥N ¥ IN1g
VM'Z-Q LINIATIIM 8N "0 NIHOVAO AV {0 aNTd
LINIATT13IM IN dO NIHOVAO 8 INIA ALINAIN MLd dO 3N1d
VM ‘LINIAT1IM 9N IOVNIVEA ININ ILINAIN M9 90 3n19
"HSVM ‘LINIATTIM dvaN IOVNIVHEd ININ JLINAIN
01-a LINIATT3M dN INIA JLINAIN 44 3OVNIVHA LSIM
G1-A LINIJTT3aM dN INIA 3LINAIN 1V Nvd MOT13d
0¢-a LINIdTT13aM EN ININ JLINAIN LY ANOdILSVYM
L1-a LINIATTIM "N ININ LINAIN "4 IOVNIVYEA LSvd
¢S9O LINIATTAM dN ANIN ILINAIN 1V dd TNYH MO1349
VM ‘LINIATTIM UN IOVNIVHEA ININ FLINAIN A9V €0 3NTd
LINIATIIM "N MHO 3N19 OL 9141 A3NVNNN L-SO
"HSVYM ‘IMVYTONOT UN ST1V4 I1LLIT M19 H INVYMOS
"HSVM ‘NVAHVId UN ALVLNGIFL 4O ONIYdS
"HSVYM ‘IMVYT ONOT dVaAN STIV4 MO 139 HD ANVIOWVYHO
"HSVM ‘TTVADNIES ¥VAN MIFHD AINVIOWVYHO
"HSVM ‘IMVT ONOT LV H3AIE INVMOJS
YM MTONOT LV U1 ONOT
VM “ANVYIOCS HV3IN "3IAIY INYMOCS I1LLIT
ANVHOCS "IN HLNOW "dN "d ANVMOCS I1LLIN
"HSVYM ‘QH0O4.1dvA JV3IN H3IAIE INYIOCS F1LLIT
VM ‘d0418va ¥N gN10 AYLNNOD M19 ANVMOCS ITLLIN
"HSVM ‘QH04.149va 1V M3340 311117
VM ‘@H0418VA YN HAd a40419vd 1V o INVYMOCS I1LLI1
"HSVYM ‘QH04.149va 1V 93AIE INYMOCS I1LLI1
VM ‘QH04.19VA UN "0 INVT IHINGIANYM
418VA 1V 40 FHINHIANVM 9V d INVIOS F1LLIT
VM ‘@H04.149vaA YN "a 4YIINIIHO 1V o INVYMOCS I1LLIT
VM ‘@H04.19va UN ‘9O NVINAV3IA M19 o INYMOCS I1L1LI1
VM 1439700 1V M334D 433d
VM ‘@v3aN 8N ‘S61L AMH "S'N M19 10 NVINAVY3A
"HSVM ‘INVYMOJS dVvaN HO1NO MOT1390lg
VM ‘@v3IN dvaN Y3340 NVINdY3d
VM ‘Q404.19vaA YN "a MOdS 1.1V d ANVMOdS ITLLIN
VM ‘@d04.19va UN "0 NVINAVY3IA A9V o INYMOCS I1LLI1
HSVYM ‘FATMONEG "V3IN H3IAIE INVIMOLS I1LLIT
HSVYM ‘FATIMONG 1V ¥ ANVMOCS ITLLIN
VM ‘AOHILLVYHO HN "D NOOOVHA M19 ¥ INVMOCS ITLLIT
VM ‘AOHVLIVHO UN ‘HLNOW 1V Y3340 NOOSDVHd
VM MHVd 43330 dvaN YITHO ATHLIM
"HSVYM MYVd ¥33a ¥vaN MIFHO aniN
"HSVM ‘AOYVLIVHO ¥Vv3aN Y3340 ¥33a
"HSVM ‘NV 1IN "9VY3N Y3340 Hv3d
VM ‘NYTIN 1V J3AIE INVMOCdS I1LLIT

aweN uoiels

08G€EEYCL
c9GeeEYCl
L9geeyel
09GEEVCL
6GSEEVCL
8GGEEYCL
9GGEEYCL
YGSeEYCL
csseevel
0Gseevel
8YGEEYCL
IrGEEYCL
crseeyel
0vSeeErCL
00seevel
0oceerel
00ceeret
0olLeerel
000€EYCL
00scevel
0oocevel
006lEVCL
00GLEVCL
0ocLeret
00LLEVCL
oLolevel
0oolevel
0080€¥CL
00£0€¥CL
0590¢€vCL
0090¢€vCL
00S0€vCL
00¥0€EYCL
0L€0€E¥CL
0Ge0evCL
0ceoeret
00€0EYCL
0GcoEvCL
00coEYCL
0S1L0€vCL
00L0EvCL
0000€vCL
0086¢YCL
0096¢¥ClL
00c6erel
0006¢vCL

ai-8us

Page 2-65

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

Ge
78
€80
¥0'8
691
€9z
SZv
(zsanm)

ealy
abeuleiq

G00020LL
G00020.L
G000c0.L
G00020.L
G00020.L
G00020LL
G00020.L
G000c0.L
G000c0.L
G00020.L
G00020LL

1000201
#00020.L
#00020.L
#00020.L
¥00020.L
#00020.L
#00020.L
#00020.L
#00020.L
#00020.L
#00020.1
#00020.L
#00020.L
#00020.L
#00020.L
#00020.1
#00020.L
#00020.L
#00020.L
#00020.L
0002041
#00020.L
#00020.L
#00020.L
#00020.L
#00020.L
900020.L
#00020.L
#00020.L
#00020.L
0002041
#00020.L
(oamo) yun
o160j01pAH

or8S8LL
2689811
y¥8S8LL
G06S8LL
7000611
Lv8S8LL
GcessilL
GGIoS8LL
6v€S8LL
7589811
206581l
[445°1°1%"
0c6s8LL
126S8LL
0v6S8LL
67L¥8LL
A4%01%°1%"
¥Z6E8LL
9CLy8LL
616€8LL
[4401%°1%"
GGee8LL
8LLV8LL
SCLy8LL
60C¥8LL
LSLY8LL
€Liv8LL
LcevslL
6LL1v8LL
6vGE8LL
€50¥8LL
1422¢°1%"
[454%°1%"
LLvy8LL
LGvy8LL
9G/¥81L1
9169811
00L06LL
6710611
9€CL6LL
8510611
LyEY8LL
LyEY8LL
crev8LL
Sv6v8LL
91¢v8LL
(se@a1baq)
apnjibuo

GG608Y
Geol8y
Lv018Y
e 8y
8¢l 8Y
9051 8¥
9L€08Yy
¢v008Y
8G108Y
9G/S.lv
0c.G.lYy
908€9¥
G08E9Y
LGEIY
G0.S.lv
92008¥
€€008Y
Ly108Y
G0S08Y
10€08Y
GGe08Yy
9L¥08Y
¥Sv08Y
¥0508¥
02908¥y
82908Y
21808Yy
61018Y
Gcel8y
Gcri8y
orSl8y
6€818Y
GGve8y
6192¢8¥
€eLC8Y
8lL./c8Yy
Glecesy
0€628Y
9¢8¢8Y
Lv828Y
8YEE8Y
8€8¢8Y
1€828Y
8G9€8Y
Sv6E8Y
¥06€8Y
(se@a1baq)

apnjne

"HSVM ‘NF13dS3N LV ANOTTIN MOT3E ¥ IWITIJS3AN
'HSVM ‘W3 T13dS3N LV 43IAIY WIT1IJSAN

NFT3d4SEN "IN TYNVYO INFT13dS3N
NTT3d4S3AN "IN 334D TN

VM ‘INFTIJSIN UN ¥O ONOYLSINEY MOTIE MIFHD TN
"HSVM NIT3d4SAN dIN JO d31ININEVd

AONZOV NVIANI ITTIATOD dVAN IMVT O1v4dNd

ALID Y3NTE 1V ¥3340 Nvd d313d

IAOHO SNOLVIS JVIN IMVT SINNIOON

'HSYM ‘F3TNOD ANVYD 1V ¥3IAIY VIGIWNT0D

VM NVA 3TN0 ANVYED LV IMVYT LTIAISOO0H NITMNVHS

VM ‘VSIW UN TvH3LY1 rre813 M9 TYNVYO 6813 AIg0S

VM ‘VSIW YN AVv3H 1V Tvd3aLlv1rr 68 13 aigos

VM VSIWN IN AVMILSYM XX G8 13 AI90S

"HSVYM ‘3TN0 ANVHO 1V TVNVYO 430334

HITTIM "IN MIFHO VIINVIA

HITTIM "IN M3IFHO MOId

d3T713M "IN M3IFHO NOL NHOr

"HSVYM “H37713M 1V ¥ 1I0dNVS

dITTIM "IN MIFHO JANTS

HITTIM "IN MI3FHO0 MOAVIN

HITTIM ""IN MIF-HO J3dd0D

"HSVYM {3 T13Y LV MIFHD MOVr

HSYM “{3T713M 1V 40 MOVF AGVY ¥ TIOdNVS

dITTIM "IN MIFHO HSNHd

"HSVYM “d3773Y ¥V3AN H3AIL 1I0dNVS

HITTIM "IN MITFHDO NOdI

d3713IM "IN M33HD FHOVO

d3T713M "IN HLNOW 1V Y3340 39aldd

"HSYM “H3173M VAN M3THO 394iHd

HITTIM "IN MIFHO I NNALHIHL

HITTIM "IN MIFHO NIMNVYNVYN HLHON

o1IMdNd3d "IN M3340 FTIANIILIANIN

oIMdNd3ad "dN Y3340 ITNANIILNIAIS

"HSVYM ‘0179Nd3d "V3AN H3IAIY 1OdNVS MHO4 1SIM

"HSVYM “0179Nd3d ¥Vv3aN Y3340 d109

AHOd LSIAM VAN IMV1A109

VM ‘SYANTV dV3IN MITHD 1SO71

T131LNVSIA "IN M334D 1SO1

13LNVSIA JVAN IHVT HSIAMVYHD

"HSVYM SYANIY AN M3IFH0 ATIvd

oINanNd3ad ""UN M33HO ITIANIILAHIHL

"HSVM “01T79Nd3d UN 90 3TN €1 A9V 9 1I0dNVS

HSVYM ‘0179Nd3d UN ¥ JLINVEO M19 d TIOdNVS

"HSYM “0179Nd3d JV3AN MIFHD JLINVHEO

HSVYM ‘0179Nd3Y "N O JLINVEO AGY H TIOdNVS
aweN uoiels

G0S.EvCL
00S.€vCL
000.€¥CL
0069€¥CL
G689¢EVCL
0G89¢€vCL
0G59¢EvCL
crsoeyel
0vS9EvCL
0059¢vCL
0009€VCL
0G8GEYCL
018GEVCL
018GEVCL
00SGEVCL
00LGEVCL
050GEYCL
0c0sevel
000S€VCL
006vEVCL
008vEVCL
00.vEVCL
009vEVCL
06GvEYCL
0csvevel
00SveEVCL
0Svvevel
08EVEYCL
0ceEvEYCL
00evevel
oeerevel
08LveEYCL
0cLveErel
0clverel
OLLverel
00LveEYCL
0sovevel
000veErCL
G66EEVCL
0s6€EEYCL
0e6eEEYCL
968€EYCL
068€EYCL
018€EVCL
008€EVCL
06.E€VCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-66



Hydrology

Chapter 2

v'ce

996
990
¥'qS
€¢S

¢l
4
0GS¢e
085¢
0S5¢
€6¢
9G¢
ocl
(A"
L'l
98
GGl
L'y
0L
00cE
00ce
00ce
109
89°L
0€LE
0cLe
0cLe
0€6¢
059¢
00461

8¢
SL'y

¥'Ge
00%S.
g'ee
1'8¢
vee
¥'06
2l
(zsanm)
ealy
abeuleiq

900020.1
90002041
900020.1
900020.1
90002041
900020.1
900020.1
900020.1
900020.1
£00020.}
£00020.1
£200020.1
£00020.1
£00020.1
£00020.1
£00020.1
£00020.1
£00020.1
£00020.1
£00020.1
£00020.1
£200020.1
£00020.1

90002041
900020.1
900020.1
900020.1
900020.1
900020.1
900020.1
90002041

G00020LL
G00020.LL
G00020LL
G00020LL
G000cC0ZL
G00020ZL
G00020.L
G00020LL
G00020LL
G000cC0ZL
G000cC0.L
G00020.LL
(oamo) yun
o160j01pAH

820¢6lLl
0€9¢61LL
c0clL6llL
cleebll
009¢61L1L
67,2611
¥G0€61L1L
GLLEBLL
oleeell
1292611
000¢6LL
008¢61LL
c0/€61L1L
0G9¢61L1L
€ELYOLL
058¢€61L1L
SCLy6lLlL
ceLYBLL
YGEVELL
0G€ES6LL
006c6LL
0cov6LL
00Ev6LL
ocLeoct
60G¢261L1
S0Sc6LL
0€sc6lLlL
1a741%"
14445517
9€GC6LL
SvSeelLl
819¢61L1L
0Gee6ll
ovveE6LL
1G6E6LL
geeeell
(V14 41%"
0G/¢€61L1L
¥20E6LL
0GceolLlL
S08¢6LL
1G616L1
7€90611
ceLo6LL
6€898L1L
€eea8ll
(se@a1baq)
apnjibuo

LE0V8Y
S0cy8y
926€E8Y
clevsy
S0.L¥8Y
14 TA% 14
G0ca8Yy
cG8Yy8Y
1E8Y8Y
G0998Y
ov.G8Y
00.G8Y
G06G8Y
0€ve8y
€S8y
0LLG8Y
0S6¥8Y
100S8Y
650G8Y
0€2a8y
0598Y
oLvy8y
0cLy8Yy
Lylcey
1GGG8Y
GGGGa8Yy
0L9G8Y
Ge9G8Yy
€GYG8Y
029G8Y
Ge9G8Yy
¥c.lG8Yy
€5906¥
9¢0c6¥
¥2008¥y
¥0.G.Yy
G0ESGLY
004G.¥
GGGy
Sv¥Sly
0v6S.LY
1€608Y
817808Y
8¢€.08Y
€2.08Yy
ccelsy
(se@a1baq)

apnjne

"HSVM ‘LIMSYNOL "V3AN IMVY1 SYIANAY
HSVYM 13MSVYNOL 1V 40 F1HVdVYNO4
"HSVYM ‘YANODNVM HVIN YIFHO F1HVdVYNO4
"HSVM ‘LIMSYNOL N gid1l 40 HSYMIS
"HSVM LINSYNOL "VIN MIFHD INOLSALIHM
"HSVM LIMSYNOL HV3IN IHMVYT INOLSILIHM
HSVYM ‘TTTIAOHO UN IMVYT LNOVNNYM
HSYM'SIWOOT YN IMVY1 ITOVLOAdS
"HSVM ‘SINOOT dN gI¥1 IMVT IT10VLOIdS
HSYM ‘3TTIAOHO 1V ¥ NIINVAITINIS
"HSVYM ‘TT1TIAOHO HVAN HIAIL NIIAVITINIS
HSVM 3TTIAO0HO0 N TVNVO 1SA "dl LIAMSVYNOL ITINAOCHO
"HSVM MMVYHLHOIN dV3IN d3AIE NIFINVITINIS
HSYM MMVYHLHOIN dN INVT H3INTVd
HSYMMMVYHLHOIN YN IMV1VYIVAOHD
"HSVM ‘SINOOT dV3AN HO YIVdOHO AQY dO NIMIHVINIS
HSVM SINOOT dN TVYNVYO ddl INOLS3ILIHM
"HSVM ‘SINOOT dVaAN M3TH0 I3TN0D S1VOL
"HSVM ‘SINOOT dVvaN Y3340 3170
"HSVM ‘SINOOT dV3AN d0 33TN0I SLVOL MH04 37adiiN
HSVM SINOOT dN "D NIMIHVINIS
HSVM SINOOT dN d49 NIML LV dO NIMIHVINIS
"HSVYM ‘SINOOT dV3AN IXMV13INTG A9V O NIMIHVINIS
"0'd ‘NOLIONIYEd 1V d3AIE NIFINVAITINIS
"HSVYM ‘ITTIAOHO 1V H3IAIY NVOONVYMIO
VM ‘ITTIAOHO 1V ANOd TN 13S0Z L1V HIAIY NVOONVYMIO
VM ‘FTTIAOHO 1V 4D 1IMSYNOL MOTIG HIAAIHY NVOONVYHIO
"HSVYM ‘TTTIAOHO 1V ¥3FHD 1IMSYNOL
"HSVM ‘NOSTON dN did1 M33H0 AYd
HSYM ‘3T1IAOHO 1V 1S 390149 1V 3 NVOONVYMO
VM ‘FTTIAOHO HN INVT SOOAOSO MO13E HIAIY NVOONVYIO
"HSVYM ‘ITTIAOHO VAN INVT SOOAOSO
*0'd "YIAITO JVIN HIAIE NVOONVYIO
‘0'd ‘STIV4 NYOVNYMO LV AT NVOVYNYMO
"HSVYM 1H0d39aidg 1V 43AIN VIGNNTOD
VM 1H0d39aldg UN MH04 LSY3 gV 10 °¥31S04 MHO4 1SIM
"HSYM ‘190d39Arddg UN M33FH0 ¥I1SO04 MHO4 1SIM
VM 190d39ardg IN ASVLNGIF 1 ¥IFHD ¥31LS04 MH04 1SV
VM ‘AHV3T YN AvOd 3LLNG 1739 1V M¥3FHD ¥31S04 1SV
"HSVM ‘AHV3AT 1V M33H0 ¥31S04 MHO04 1Sv3
HSVM 140d39dld9 LV M1 SAOO0OM SNdNd
ISNOIN dV3IN IHMVT13IS00D
NITI4SAN "IN MI3HO ILOAOD
NIT34S3IN "IN HLNOW LV J3AIYd W3T3dS3AN
NIT1I4SIN "IN JIAIL INFTIJSAN 1LLIN
NZTIJSAN dN IMVT IHMO
aweN uoiels

(VA2 474"
0SSvvvel
06vvyvcl
00vvvvel
00Lyvvel
000vvvel
086EVYCL
008EYvClL
00.Ev¥CL
009€vvCL
00SEVvYCL
000€EVYCL
00Gevvel
oovevvel
oLecrvel
0oecrvel
00ccvyel
000¢vvCl
008Lv¥Cl
00LLvvCL
00S1Lvvel
000Lv¥eL
0o0ov¥el
0096€¥CL
00S6€VCL
00v6EVCL
0GE6EYCL
00€6EYCL
00c6EYCL
0SL6EVCL
00L6EYCL
0006€VCL
0048€¥CL
00G8EVCL
0008€YCL
086.E¥CL
096.E¥CL
0S6.€¥CL
0v6.LEVCL
0€6.EvCL
006.€vCL
00..€v¥CL
069.Ev¢CL
009.€vCL
06S.€vCL
0€5.EvCL

ai-8us

Page 2-67

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

8'8Y

6LL
2Ly
670
v'6l
Z'89
092/
(zsanm)

ealy
abeuleiq

800020.L
800020.L
800020.L
8000c¢0LL
800020ZL
100020.L
800020.L
80002¢0.L
8000c¢0ZL
800020ZL
800020.L
800020.L
800020.L
80002¢0.L
800020ZL
800020.L
800020.L
800020.L
80002¢0ZL
90002041
900020.L
900020.L
90002¢0.L
90002¢0ZL
900020.L
900020.L
900020.L
900020.L
900020.L
90002041
900020.L
900020.L
900020.L
90002¢0ZL
900020.L
900020.L
900020.L
900020.L
900020ZL
90002041
900020.L
900020.L
900020.L
90002¢0ZL
900020ZL
900020.L
(oamo) yun
o160j01pAH

geoLoct
9coLocL
25600¢L
Looloch
olsLoctL
65.00¢CL
60800¢L
L¥800¢C )
6G1710CL
¥Z810¢L
6v€L0CL
0c6L0cCL
€vceoct
G0ecoct
L€920C)
gele0ct
0G/2¢0cL
810€0cL
€ceeoct
cY8E6LL
(01574 451%"
0L9v6LL
clevbll
00cv6LL
00/£€61L1L
(0% 47451%"
(01 4741%"
0SveE6LL
100€61L1L
9¢0¢61LL
Sl 141%"
¢09¢61L1L
909¢61L1L
292611
629¢61L1
9092611
€€9¢61L1L
Sv6L6LL
8091611
8€9¢61L1L
910L6LL
2580611
[A7X41%"
ocLe6llL
8€LC6L1
01826l
(se@a1baq)
apnjibuo

€GeE8Y
9EVESY
2¢09€8Y
819€8Y
Sv6E8Y
L1017 8Y
Gcsy8y
€C6v8Y
6G.28Y
00628Y
6¢628Y
ovcesy
LEVEBY
cevesy
GGGEBY
0SveE8Yy
ov.LE8Y
616€8Y
YE6E8Y
crelL8y
0L908Y
yecesy
€G918Y
09918¥
00¥Z8¥y
00cesy
9lcesy
ovicsy
clyesy
LEV18Y
2618y
0v618Y
961 8Y
Gc0c8y
€v0C8y
€v0C8Yy
cliesy
414514
9lEL8Y
¢0ce8y
9L0¢8Yy
G0.18Y
26528y
05628Y
1G/€8Y
1G8€E8Y
(se@a1baq)

apnjne

VM dOYHLNIM "HVY3AN Y3340 9nD IA09V J3IAIE HONMIHOD
VM ‘dOYHLINIM HV3IN 40 ¥3a1N0gd MO 139 J3AIEY HONMIHO
VM ‘dOYHLINIM ¥V3IN HONVY FTINLHOIF 1V ¥3AIE HONMIHO

VM dOYHLNIM V3N Y3340 FTNNLHOIT
"HSVM dOYHLNIM UN "0 173140
"HSVM dOYHLNIM YN d0 30d
VM ‘dOYHLNIM HVIN MITHO MV
"HSVYM ‘VYINVZVYIN 9V3IN M3THO SMIHANY
dOYHLNIM dN IMVT NOSH3IL1vd
VM dOYHLNIM HV3N NOISHIAIA MO39 MITHO 4T0M
VM dOY1INIM HV3AN MIFHD 470M IA0EY HIAIE MOHLIN
HSVYM ‘VINVYZVIN IN 99 NVYINFIM LV 3 MOHLIN
VM ‘YIWVZVIN 9V3N M3THD 1VOD
VM VYINVZVIN V3N 4O LVOD IA0AV ¥3IAIE MOHL3IN
VM ‘VINVYZVIN 8N MITHO SHILNIM ATV
"HSVYM ‘VYINVZVIN V3N Y3340 aNId
HSYM ‘VINVYZVYIN IN 90 31vO M19 3 MOHLIN
VM VYINVZVIN ¥V3IN H3AIY 1SO71
VM YIWVZVIN 9N M¥3FHD NOSNIFGOd IA0GY HIAAIY MOHLIN
11OTVIAN JV3AN INVT dVOS
"HSVYM ‘LLOTVIN ¥V3N H3IAIE NVOONVYMIO
VM LLOTVIN ¥V3aN MITFHD LINNNS
VM LLOTVIN LV H3AIE NVOONVMO
"HSVM ‘LLOTIVIN 1V 9IdL ¥3AIE NYOONYMO
"HSVYM ‘NYOONVYMO dvaAN MITHO NOWIVS
"HSVM ‘ATINNOONOD HV3AN YIFHD NONTVS
HSVYM MYINO YN HIOAEISTE ATINONOINOD
"HSYM ‘NVOONWYMO 1V H3AIH NYOONYMO
MVINO LV XITFHD MVINO
VM NYINO UN TNV HVINO
MVINO "IN HLNOW LV X334 JNVN ON
AVINO "IN X33O JINVN ON
HSYMMYINO HV3N dIT ILINVHED 1V Y3340 JNVN ON
HSYMMYINO dV3IN NHdNL3IH NOISHIAIA MIFHD JNVYN ON
HSYMMYINO JV3IN NOISHIAIA MOT349 MITFHO JINVN ON
HSYMMYINO JV3IN NOISHIAIA ¥33HO INVN ON
HSYMMYINO JV3IN F0HNOS JVAN MIFHD ANVN ON
AVINO "IN MITFHO dVLHYA
VM MYINO YN MIFHD NOSTIN AGV MIFHO HILIVA
"HSYM ‘MVINO "V3IN MIATHD MVINO
"HSVYM “131LNVSIA YN 9191 40 MVYINO
13LNVSIA VAN IMVT LINNNS
AVINO "IN MIFHO LLOOVNNVM
VM ‘FAISYIAIY dV3AN MITHO NOSNHOr
"HSVYM ‘LIMSYNOL "VY3AN HIAIE NYOONYMO
HSVYM ‘SINVF LV d NYOONYMO
aweN uoiels

009.vvCL
00S.vvel
0Sv.ivvel
Ovv.ivvel
0ev.Lvvel
00v.Lvvel
YeELVYCL
06ELYVCL
88ELV¥Cl
18€LYVCL
98€.LvVCL
G8ELYYCL
Y8ELYYCL
€8ELYYCL
8LVl
08€.LvvCL
V.IELVYCL
(VAYA 474"
0S€LvvCL
90€.LvvCL
00€LvvCL
0L¢lvveL
00c.vvel
([ YA474"
000.vvCL
00S9vvCL
08¥9vveL
00097¥CL
066Sv¥ClL
0S6GvvCl
8Y6GYvCl
SveSvvel
yyeSsvvel
cresvvel
L6SYiel
ov6Svvel
6€6GVYCL
0€6SYvel
02c6Svrel
006G¥vCL
008Gv¥CL
0G.Gvvel
00.Gvvel
00SGvvCl
000G¥vCL
066Yvvvel

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-68



Hydrology

Chapter 2

Gl
€0¢

1£43)
¥Z6
€9
Sv'8
G8'.L
879

Lece

9'6¢
00198
00198
00198
oL8lL
L0'S
0811
0411
I
L0

168
oLl
189
29
0o€l

0S¢
144

10¢
991
Gl'e

oLoL
Gcs

(zsanm)
ealy
abeuleiq

010020.L
0L0020.L
0100201
6000201
600020.1
600020.1
600020.1
60002¢0.1
60002¢0.1
600020.1
600020.1
600020.1
600020.1
60002¢0.1
G00020.L
G00020LL
G00020.L
G000c0.L
80002011
800020.1
800020.1
800020.1
8000201
800020.1
80002041
800020.1
800020.1
8000201
800020.1

800020.L
800020.L
80002¢0.L
80002¢0.L
800020ZL
800020.L
800020.L
800020LL
8000c¢0.L
800020.L
800020.L
800020.L
800020.L
80002¢0ZL
80002¢0.L
800020.L
(oamo) yun
o160j01pAH

0c9c0cL
61520¢CL
LLococt
€v000CL
,€€00CL
Sgl600cL
0€600¢CL
oviLiLocl
9¢s1L0ct
celeoct
0Gs€0ct
LLeeoct
9cLy0ocL
8G8€0¢CL
L0vS61L1L
9GLS6L1L
145°(61%"
145°(61%"
(0 272°(61%"
€€95611
025611
065611
€v6S6LL
0L000cL
€1900¢L
0ooLoct
11200¢L
€¥900¢CL
6¢€00CL
0ccooct
cllooct
12900ct
¥G900¢CL
11200¢L
1G800¢C)
LeLoct
Levioch
8€510¢CL
ov6L0cCL
¥2020cL
Sv.20cL
¥2800¢L
6€LL0Cl
¥€0L0CL
0LL0Cl
97600¢CL
(se@a1baq)
apnjibuo

Gcevly
106Yv.Yy
G0€GLY
G00G.Y
LLOG.LY
Yyvely
0€8G.Y
v1108Y
9€€08Yy
8€908Y
1495214
441514
L¥618Y
€lyesy
eSSy
8Y9G.Y
¢G9G.Y
C¢G9G.Y
0G208Yy
G1108Y
62¥08Y
6€¥08Y
yZy08y
GZr08Yy
Lchigy
05808Y
GgGel8Yy
4574514
€v618Y
0G€C8Yy
44414
€6028Y
GGlLe8y
¢0ces8y
cleesy
cleesy
0G¢cesy
1Geesy
Gcresy
1447414
0S€eC8y
805¢8Y
Ge9C8y
Gc8e8y
8€8C8Y
€628y
(se@a1baq)

apnjne

"HSYM “HIOANIAYY YN €2 ANDITIIL
"HSYM “HIOANIAYY ¥VAN Y3IAIY 1VILNT
VM “HIOANTIAYY YN 39AIYg SNYAITINS 1V ¥3IAIN 1VILNT
"HSVM ‘NV13HO 1V ¥3AIY NVI1IHO
VM ‘NVTIHO 1V NV13IHO IMV1
NOSNVY ¥N IMV1 OLVdVM
HSVM NOSNVYIN ¥N WILSAS ¥3A334 M1 NOTILNY
"HSVM ‘NOSNVIA 93N Y3340 d109
"HSVM ‘NOSNVIN ¥V3IN MITHD 3aveD
"HSVYM ‘NOSNVYIN ¥V3IN MIATHD HOgGHVH ALIAVS
"HSYM ‘ANYIONT LV MITHD avOouTIvy
"HSVYM ‘NIMIHIALS 1V LNIOd 31d8Nd 1V NV 1IHD IMV1
"HSVM ‘NIMIHILS 1V H3AIY NIMIHILS
VM ‘NIMIHILS "VAN 3IMV1 33A 330 ¥3ddn
VM “T1IMZV 9VIN YITHD INIOLNY
"HSYM ‘AVA ST13IM MO39 H3AIY VISNNT0D
"HSVYM ‘SOYILVd HVAN HIALVMIIVL LNV 1dHIMOd ST1aM
"HSVM ‘SOY3LVd "¥N "M "H LNV1d 43MOd ST1am
"HSVM ‘SOY3LVd 1V Y3AIY MOHLINW
HSVM'SOYILVd ¥N INVI VLIV
HSVM SOY3A1Vd ¥N 39dIdg ANZ 1V 8 MOHL3IN
"HSVYM ‘SOYTLVd YN ¥IAIY MOHLIN
"HSVM ‘MOHLIN YV3N Z "ON gIdL Y3AIE MOHLIAN
"HSVM ‘MOHLIAN ¥N AYVLNGIYL ¥IAIY MOHLIN
VM ‘NOLTHYD ¥VaAN M3IFHD d109
"HSYM ‘MOHLIW ¥VIN MITHD ANIVY
VM ‘NOLTHVO ¥VIN MITHD Ag9I
VM ‘NOLTHYD 1V "3AIY MOHLINW
VM dSIML ¥VAN HLNOW ¥VAN Y3340 Y3AVIL
"HSVYM dSIML YVAN MITHO Y3IAVAL
"HSVYM dSIML 9VAN ‘MHO4 HLNOS MO39 MITHD Y3IAVAL
HSVM ‘dSIML YN Y3IAIY MOHLINW
VM dSIML 1V 93AIEY MOHLIN
VM dSIML 1V 93AIY dSIML
"HSVYM dSIML 9VAN Y3AIY dSIML
VM ‘dSIML 8N NOISHIAIA LSAM AIAN ¥IAIY dSIML
VM ‘dSIML "V3IN NOISHIAIA IdAL YA dSIML
VM dSIML 9VAN MITHD AGMIN IA0GY HIAIY dSIML
"HSVM ‘dSIML YN 82 39aryg 31LLIT
VM ‘dSIML ¥V3IN MIATHO MTINYILLNG TIA0GY HIAIY dSIML
"HSVYM dSIML 9N ¥ SWVITTIM
VM ‘dOYHLINIM 8N NOISHIAIA LSV AIAN H3AIY MOHLIAN
dOYHLNIM YN IMVT NIML (919)
"HSVM ‘dOYHLNIM 1V 43AIY MOHLINW
VM ‘dOYHLINIM 1V ¥3IAIY HONMIHD
dOYHLNIM YN INVT NIDAYYYId
aweN uonels

0882SvCL
008c2svCL
0§/csvel
005csvel
000csveL
0081LG¥CL
00/1G¥¢CL
0S916¥¢CL
0291LG¥ClL
00916vCL
00§16vCL
00clsyel
000LS¥CL
0S60S¥CL
0c.0SvCL
0040Sv¢CL
0990521
059052l
00S0SvCL
0000SvCL
¥S66vvCL
0G66vYClL
olLe6yrvel
0066v¥ClL
S6.6vvCl
06.6v¥CL
08.6v¥ClL
09.6¥¥Cl
(YA 474"
00.6v¥CL
0096v¥CL
oLs6vvel
00S6vvCL
0006v¥ClL
86681vCl
9668vvCl
66871l
0668vvClL
0068v¥CL
0G88vvCL
0048v¥CL
0298yl
0L98vvelL
00G8v¥ClL
0008¥¥CL
006.vvCL

ai-8us

Page 2-69

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

€LC

co’l

0sl
008.8
00848
L0
Ll
%%

6Ly
v'Z6

(zsanm)
ealy
abeuleiq

1100C0LL
1100C0LL
1100201
1100201
1100201
1100C0LL
1100C0LL
1100201
1100201
1100201
11L00C0LL
1100C0LL
1100201
1100201
1100201
1100C0LL
1100C0LL
1100201
1100201
1100201
11L00C0LL
1100C0LL
0100201
1100201
1100201
1100C0LL
11L00C0LL
1100201
1100201
1100201

LL002C0LL
LL00C0LL
LL002C0LL
1L002C0LL
1L002C0LL
010020LL
010020ZL
010020ZL
010020ZL
010020.L
010020LL
010020.L
010020ZL
1L002C0LL
010020.L
(oamo) yun
o160j01pAH

6G7¥0CL
y€9¥0CL
8¥9¥0cCL
6G9¥0CL
8€.¥0cCL
§G/¥0cCL
Ly8Y0CL
A2 144"
GG8v0ocl
¥G8¥0C1
206¥0cCL
80€¥0cCL
6¥S¥0CL
¥09¥0CL
0v9¥0cCL
S00s0cL
/1esoct
1422504
8G0S0¢CL
8¢ls0cL
S0esoct
9c0o¥0cCL
(0[0) 2014
0Sev0oCt
90v¥0CL
¥S6€0CL
ov6c0ct
Glevoct
GG0s0cL
Gecroct
8¥¢y0cCL
0l8¥0cL
0€9¥0cCL
0€9¥0cCL
0G5S0¢CL
602S0cCL
¥0810¢CL
008L0cCL
008L0cL
008L0cCL
0v9L0cCL
0¥900¢L
oeeLoct
8G110¢CL
8v1c0clL
€0¢coct
(se@a1baq)
apnjibuo

L06¢C.LY
Y062y
GG8c.LlYy
6v8C.LYy
Yv8CLy
2¢Ge8¢Lly
L¥8CLY
1€8¢LYy
6€8C.LY
€Y8CLy
0S88¢.Y
8ccely
LE0ELY
GcoeLY
€G6¢C.LY
L¥6C.Ly
yv6cly
ov6cLly
VCLELY
SLLELY
0€9€LY
8EVELY
GeovLly
0S0v.Ly
€Cevly
LYSvlYy
GLOoG.LY
0cesLy
GCr08Yy
cvevly
128y
oLoviy
0s6v.Ly
0s6v.Ly
G20S.ly
12eSly
8ClLELY
00ceLy
00ceLY
00ceLY
oceesLy
oLoviy
ov6eLY
8Y6ELY
Olvvly
Slvvly
(se@a1baq)

apnjne

HSYM ‘HLHOMNIAYIT dVAN IMVYT MONS H3ddN
HSYM ‘HLHOMNIAVIT dvaAN MV ITdINTL
HSVYM ‘HLHOMNIAVYIT dVAN ¢ "ON INVT INIWLNVYHONI
HSVYM ‘HLHOMNIAVYIT dVAN € "'ON INVT LNIWLNVYHONI
HSVM ‘HLHOMNIAVIT HVAN IMV1NOILOT4H3Ad
HSVYM ‘HLHOMNIAVYIT dvaAN IMV1 NOILVHIdSNI
HSYM ‘HLHOMNIAYIT VAN 9 "'ON IMV1 INIWLNVYHONI
HSVYM ‘HLHOMNIAVYIT dVAN 2 "ON IMVT INIWLNVYHONI
HSVYM ‘HLHOMNIAVIT dVAN IMVT NOILY10SI
HSYM ‘HLHOMNIAYIT dVAN 8 "'ON IMVT LNIWLNVYHONI
HSYM ‘HLHOMNIAYIT dVAN 6 "'ON IMVT LNIWLNVYHONI
"HSVM ‘HLIOMNIAYIT UN 4O MONS AGVY Y3340 I1010I
HSYM ‘HLHOMNIAVIT dVaAN IMV1VSIN
HSYM ‘HLHOMNIAVIT IVAN IMV1 I TV
HSVM ‘HLHOMNIAVIT HV3IN IMV1 A13IHS
HSYM ‘HLHOMNIAVYIT HVIAN INVTMONHIOTOD
HSVYM ‘HLHOMNIAVIT UVAN 1HVNLS IMV
HSVYM ‘HLHOMNIAVIT dvaN IMY1 IOHSISHOH
HSVYM ‘HLHOMNIAVIT dVAN IMVT 3TN LHOIF ITLLIN
HSVYM ‘HLHOMNIAVYIT dvaAN IMV1 3TN LHOIT
"HSVM ‘HLIOMNIAVYIT UN HO HILIVHO
HSYM ‘HLHOMNIAVIT LV 4O 10101 A9V o IFHOIVNIM
HLIOMNIAVIT UN o FIHIOLVYNIM
VM ‘WNMNYMIHO VAN YITFHO WNMNYMIHO
"HSVYM ‘NOLNIM LV 4O AINNIMS
"HSVM ‘NIV1d LV 43AIE IFHOLIVNIM
"HSVYM ‘NIV1d dvaN H3AIEd VMVYMIHO
"HSVM ‘VINT3L UN "0 HSNdg
"HSVM ‘NIV1d ¥N dO Sd13Hd
NIV1d IN IMVT HSIH
HSVM NIV1d N dO NOSVYN
VM ‘NOSVN HV3IN Y3340 NOSVYN
"HSVM ‘IXMVYT IIHOLYNIM MOT3F H3AAIE IFHOLYNIM
"HSVYM ‘NIV1d ¥V3N IMVT ITHOLVYNIM
"HSYM ‘VINTIL UN 9L ¥ IFHOLYNIM ITLLIT
"HSVM ‘NIV1d dv3aN H3AIE ILIHM
VM ‘NVA HOVIY AMO0Y 1V 43AIY VIGWNNTOD
VM ‘FIHOLVYNIM N 0} LINN ML NVYA HOVIH AMO0HY
VM ‘FIHOLVNIM dV3IN 0L LINN H HOVIY AMOOY
VM ‘FIHOLVYNIM dN MO} LINN AH HOVIH AMO0Y
"HSVM ‘LVYILNT N 9141 d VIGNN10D
HSVM JTIAGTLYM dN O NOANYO ANId
"HSVM ‘LVILNT 1V ¥3AIE LVILNT
"HSVM ‘LVILNT dN ¥3AIE 1VILNT
VM “HIOANIAHY dVY3AN H3IAINE AVIN
VM “HIOANIAYV 1V H3AIE dviN
aweN uoiels

1,608S¥CL
0608G¥CL
0808S¥ClL
G.08S¥CL
G908SvCL
GG08GYCL
Sv08GYCL
0108S¥Cl
0€08G¥Cl
G208svCl
0208s¥CL
0008G¥CL
¥86.G¥Cl
¢86.Sv¢l
086.S¥CL
296.Sv¢l
6G6.G¥¢CL
1G6/1S¥¢CL
¢G86.Sv¢l
066.5vCL
006.4Gv¢CL
088.G¥¢CL
008.G¥Cl
00S.4Sv¢CL
00€.4SvCL
000.4Sv¢CL
00G9G¥¢CL
00€9G¥CL
0009G¥CL
009GSvCL
0G5GSvCL
005GSvCL
000SS¥CL
00SvSvCL
062vsvel
00ovsvel
00/EG¥CL
069€SYCL
089€G¥CL
6.9€SVCL
009€SYCL
005€SYCL
000€syel
066¢S¥CL
0062svCL
0682svCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-70



Hydrology

Chapter 2

1oL

oy
14>
000}
ot’l

Le

(zsanm)
ealy
abeuleiq

€10020.1
€10020L1
€100c0.1L

0100201
0L0020LL
0L0020.L
0100201
0100201
¢10020.1
¢100c0.l}
¢1l00c0.1
¢10020.1
¢10020.1
¢10020.1
¢100c0.l}
¢100c0.1
¢10020.1
¢10020.1
0100201
010020LL
0L0020LL
0100201

0100201
G10020LL
0L0020.L
1100201
1100201
1100201
11L00C0LL
1100C0LL
0100201
1100201
1100201
1100C0LL

LL00C0LL
LL002C0L)
1L002C0LL
1L002C0LL
LL002C0LL
LL00C0LL
LL002C0LL
1L002C0LL
1L002C0LL
(oamo) yun
o160j01pAH

LCLvLLL
114 74%"
A15°74%"
0085611
€18961L1
10.G6LL
GGES6LL
L¥800¢CL
0S000¢L
0095611
0S8¥61L1L
8EVV6LL
8v.€61LL
6GGE6LL
SYGeE6LL
0€es6ll
0S000¢L
0L000cL
oLeooct
€1600CL
960L0cCL
L¥S00¢CL
8¥100CL
00900¢L
00900¢L
GG8Y6LL
£20900¢L
£00c¢0cL
1A TAV A
0€820cCL
Ggecoeoct
0cococt
0c620cL
olecoct
6G2¢€0CL
oreeoct
0ceeoct
616€0CL
8G/¥0cCL
6¢6€0CL
8GEc0cCL
9r9€0cCL
celenct
000¥0cCL
LOvy0CL
c0vv0cCL
(se@a1baq)
apnjibuo

oeceLy
LLvELY
cleely
009G9¥
8ECG9¥Y
9rSG9Y
06559
Yv.G9¥Y
0eel Ly
00ScLly
1G8ELY
8v.ELY
cLoviy
8LEVLY
0€9¢Ly
008¢.¥y
00S€LY
6Y9€LY
0G8€.LY
9€LLLY
¥eSLly
8€8L.LY
1G61.1Y
00LeLy
0oLeLy
GG6Y9Y
cclely
celely
8G6C.LY
00LELY
8¥SclYy
8¥SclYy
0scely
0Gccly
10¢eLy
oveceLy
ovecely
628y
9¢8cLy
60ScC.ly
8L0c.LYy
00S€LY
109€ELY
0eeeLy
0562y
€C6eLy
(se@a1baq)

apnjne

VM ‘IMVTIVOIAIN VAN IXVT HVIA10

"HSVM ‘IMVT TvOIA3N YN IMVYT IVOIAIN LSIM

VM ‘NOMNVYM dVIN AYVYLNGIYL MIFTFHO avedO

VM ATHIATE HVIN HFLVMTIVL LNV 1dHIMOd NNAYNVM
VM ATd3ATEG dN d31VMAVIH LNV 1dd3IMOd WNAVYNVYM
VM ‘TOVLNVA ¥N HLNOW 1V MOTTOH ANVS

VM ‘TOVLNVA N MS Q¥ S LV 4O MOTIOH ANVS
"HSVM ‘TOVLNVA HVAN AYVLNEIML 3TN0 A193INHOS
"HSVM ‘AVAINIYL 1V ¥3AIY VIGIWNT00

"HSVM ‘S3AVSITvd 1V ¥0 Sv19N0d

"HSVYM “HIWHVH HVIN AYVLNEI-YL NOANVO 3ANI
'HSVM “HIWHVH HVIN AHVLNEGIYL MIFHD AINTLHVYOON
"HSVM “@13I4SNVIN UN 3NV NOSIAVI

"HSVM ‘13I4SNVIN UN IMVT STNIED

"HSVM ‘IMVT dVOS 8N 9191 40 INVYNSTTLLYY

"HSVM ‘S3AVSITVd ¥N 40 SvY19N0ad

'HSVM ‘NMOLSTV VAN Y3FHO SY19N0d

"HSVM ‘SYT19N0QA LV ¥IFHD SASON

"HSVM ‘FTTIAYILYM LV 40 SISON

VM ‘ANVISI XO0d dVAN Y3FHD WNMDO0T10D

"HSVM ‘VOVTIVIA IN AYVLNEI-ML 4O WNMOO0TOD

"HSVM ‘VOVIVIN IN HOTND AYA

VM ‘INVA ANVTSI ¥O0d MOT138 ¥3AIY VIGWNT00
"HSVM ‘I3FHOLVYNIM ¥N (0} LINN) ML dd ANVISI ¥O0Y
"HSVYM ‘FIHOLYNIM N (1 LINN) ML dd ANVISI YO0
d31VMAVIH HLHON LNV1d 43MOd INVA ANV1SI ¥O0d
VM ‘ANVISI YO0 HVIN MIFHD ANVISI MO0

"HSVM ‘FIHOLVYNIM LV HIAIE ITHOLVYNIM

"HSVM “HOLINOW 1V ¥3AIY FIHOLYNIM

"HSVM ‘FHIWHSVO 1V 4O NOISSIN

"HSVM ‘THIWHSYO HVIAN YITHO ANVS

"HSVM ‘THINWHSYO HVIAN HO ANVS IA08V MIFHO NOISSIN

"HSVYM ‘FHIINHSVYO dN ‘didL 3O NOISSIN HONVHSG LSV
"HSVYM ‘FHINHSYO UN O NOISSIN HONVHSG LSV3
HSVM ‘NIAAHA dN ¥ IFHOLYNIM
"HSVM ‘NIAAYA 1V H3AAIE IFHOLYNIM
HSVM NIAAYA 1V TVNYO AITIVA JaHOLVYNIM
VM ‘NILSYHS3d YN HONVY SNITIV 1V Y3340 NILSYHS3d
HSYM ‘HLHOMNIAVIT dVAN IMVT IVLSAHO
VM L13M3 TG 1V M3FHO NILSVYHS3Ad
"HSVM ‘NILSVYHS3d YN 40 NISNOHL
"HSVM ‘NILSYHS3d 1V 43AIE IFHOLYNIM
"HSVYM ‘HLIOMNIAVIT IN NOANVYO ATSOd
HSVM HLHJOMNIAVIT dN "0 FT1210I
HSYM ‘HLHOMNIAVIT dvaAN IMV1VAVYN
HSVYM ‘HLHOMNIAVIT dvaAN IMVYT MONS HIMOT
aweN uoiels

0L9v9vCL
699Y9vCL
09919¥CL
v19vorcl
0L9voveL
L09v9vCL
909v9vCL
009¥9¥CL
00Gv9vCL
000v9vCL
008€9YCL
00/E9¥CL
G69€9¥CL
069€9¥CL
009€9¥CL
00S€9vCL
000€9¥CL
008¢9vCL
004c9vcl
0v929vCL
0€929vCL
0L9coveL
009¢9vCL
99G2orcl
09529721
0G529vCL
SvGeovel
0¢Seorel
00G2orcl
00029rCL
00519vCL
0oviovel
00cloveL
ooLiLovel
L0019Vl
0001921
00S09v¢CL
00009¥CL
0086G¥CL
00S6SvCL
00¥6S¥CL
0006521
0068S¥¢CL
0058S¥CL
0C18svCL
0018S¥CL

ai-8us

Page 2-71

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

G.9
L9
vs
8¢
(zsanm)
ealy
abeuleiq

G10020LL
G10020LL
G10020LL
G10020LL
G10020LL
G10020LL
100020}
G10020LL
G10020LL
G10020L)
G10020LL
G10020LL
G100c0.L
G10020LL
G10020LL
G10020LL
G10020.L
G100c0.L
G10020LL
7100201
¥710020.1
¥710020.1
7100201
7100201
710020.1
¥710020.1
G10020LL
G100c0.L
G10020LL
G10020LL
710020.1
€10020.1
€100c0.1
€10020.1
€10020.1
€10020L1
€10020L1
€100c0.L

€100204L
€10020.L
€10020LL
€10020.L
€10020LL
€10020.L
€10020LL
(oamo) yun
o160j01pAH

9¢SL6lLL
6¢SL6LL
GcoL6lLlL
0180611
0cess8lL
GL1G8LL
GGGeE8LL
9¢Ge8llL
Az 141%"
LOVY61LL
YRATAA"
cvveell
1G0¢61LL
c0616L1L
0v9L6LL
00LcelLlL
912611
0v9¢6LL
clevbll
LL626LL
900¢61L1L
0€sc6lLlL
A% 14:1%"
G0Gc6LL
00€c6LL
[44%41%"
€GS1L6LL
0€cebll
8YEE6LL
6vEE6LL
LSvL6LL
Lv206L1L
0190611
9vGee8LL
ovSy8LL
ovSy8LL
9605811
LLvy8LL
vc/lE8LL
109€8L1L
G2oeslLl
1424%°1%"
7681811
7562811
60ccZ8LL
S0cesllL
(se@a1baq)
apnjibuo

€¥8G9Y
65859
LG9y
1€00.¥Y
G280Ly
Sv.0LY
cclSly
€0€0LY
828G9Y
[440VA%
€Y659Y
Gce0Ly
90€0.¥
L190LY
€080.¥
SOLLLY
A2 1924
8Ly
000c.¥y
Lvely
¢S0eLY
Levely
ecvely
LyveLy
0cseLy
Ir8eELY
[4AYYA4
0ceely
G09G9¥
909G9¥
¥0.2.ly
yesely
0SScly
LY6ELY
Y208y
8G9E/LY
8€Lcly
8vvely
€08¢.¥y
Ly8cCLly
8L6L.LY
€E6LLY
€crely
ce8lLLYy
¥08L.LY
0lL8LLY
(se@a1baq)

apnjne

VM ‘NIAHVYM HV3IN 2M Av0d LV VNV SITOHLOd

VM ‘NIAHVYM IN WYA NVAITINS O

"HSVM ‘NIAYVYM dN IMVT NIAHVYM

VM ‘NIAHVYM 8N LLHES 1V AVMILSYM 33TN0OD ANIT

"HSVYM ‘44Nd JV3AN AYVLNGIYL 33TN0D ¥39aM

"HSVYM ‘OVHHOS VAN 33TN0D "IV

"HSVM ‘aNIT ¥V3aN AYVLNEIdL 337N0D ANIT

"HSVYM ‘FTTIAZLIY ¥V3N AYV.LNGId1 33TN0D VHVd

VM M1 SISON ¥N ad O 3S NO AMLSM ST1IH NYIWHONTHA

VM ‘IMVT SISON UN YHMSEOS 1V AMLSM ST1IH NYIWHONIHAS

M Y1 SIASON dIN add O IS NO IOV 1V AMLSM J3LSTHONIM

VM ‘IMVY1 SISO UN NFY LSIM NI "STH STT0HLOd

VM ‘IXMVT SISO N WV 0 gvdO NI S3d STT10HLOd

"HSVM M1 SISO 1LV M1 SISO

M M1 SISO 1V 1S H3ATV LV NHOH H3IMHVd NI M1 SISON

VM ‘IMVT SISO UN MHVd ALIO 1V IMVY1 SISON

VM V1VHHdT UN 21 9S 1V 40 Q404 AMO0Y

"HSVYM ‘V1VHHd3 ¥V3aN MITHD 404 AMO0Y

"HSVM “d3LSTHONIM dVIN MITHO SONI™MAS NOHI

HSVYM ‘M1 dVOS YN M1dV0S

HSVYM M1 dVYOS UN M1 3IHONTT

HSVM ALID 337TNOD N IMV13IANT1d

"HSVM ‘ALID 33TN0OD ¥UN INV T MHVd M9 MITHD Mdvd

"HSVM ‘ALID 33T1N0D ¥N INV1 MHvd

"HSVYM ‘ALID I3TNOD ¥V3AN MYIFHD MHvd

"HSVM ‘ALID 337N0D dvaAN NOANVYO SANAVH

"HSVM ‘IXMV1 SISO VAN MYITFHD 9vdD

VM ‘NIVHAY 1V Y33FH0 9vd0

HSYM'NISYE VIGWNT10D 9819'NISVE LvVZZ2MAad OL MOT4NI

"HSVM ‘ALID TVAOY YN TYNVO LSIM

VM ‘QH041VH1S °UN ANVA 39dId OLNId IN M1ddV10 AT11d

VM MITHD NOSTIM UN "O'd ¥ITHD NOSTIM 1V ¥ gvdD

"HSVYM M3THD NOSTIM LV YITHD NOSTIM

"HSYM ‘VHINTY dV3IN Mvdd 1139400 M19 MITFHD NOSTIM

"HSYM "NGTIM JVIN AYVLNGIY L MvHd Xvavodd

"HSVM ‘NVAOD HVIN AHVLNGIYL MITHO IVMYNNOD

"HSVM ‘Agdl 1V Y3340 9vd0

HSVYM ‘YSS3A0 dN IMV1 OId410vd

HSYMVYSS3IA0 YN IMv1¢33a

HSYMVYSS3IAO YN IMV1.L0d 334400

"HSVM ‘VYSS3AO YN IMV1 NVATAS M19 MIFHD avH0

HSVYM YNOWYT dUN INVT NVATAS

"HSVM “HY3THOW 1V M33HD V0D

"HSVM ‘YNOWYT HN INVT NVATAS IA0GY °O gvd0

VM TTTAZLIY IN HLNOW HV3AN MIFHO 9vHO MH04 HLNOS

VM ‘FTTIAZLIY V3N AVOd 404 AMO0Y 1V M3FHO gvdO
aweN uoiels

S8YLLivCL
a8ylivel
ovvi.ivel
0oviL.ivel
00€LLvCL
(VXAYAZ4"
([AYA74"
00LLLvCL
060L.¥CL
0801 .vCL
0G0LLvCL
8001 .¥¢CL
Go0L.LvCl
000L.Z¥CL
0060.¥CL
0080.¥¢CL
0090.v¢CL
0050.¥CL
00€0.L¥CL
00004¥CL
00569721
00069%¢CL
00689¥¢CL
00089¥CL
00S29v¢CL
00v.9vCL
00049%¢CL
00599¥¢CL
L0L99vCl
00199¥C1
0609921
00099%¢CL
005G9v¢CL
00¥S9vCL
00€99vCL
0019921
000597¢CL
0G6¥9vCL
0L6v9rClL
006v9vCL
0L8Y9IvCL
608¥9¥CL
008¥9vCL
08.v9vCL
V.LLY9vCL
0L.v9vCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-72



Hydrology

Chapter 2

0Lvv

(zsanm)
ealy
abeuleiq

910020.1
910020.1

91002021
910020.1
910020.1
9100201
9100201
91002041

910020.1
910020.1

910020.1
9100201
9100201

910020.1
910020.1
9100201
9100201
G10020L}
G10020LL
G10020LL
G100c0.L
G10020LL
G10020LL
G10020LL
GL0020LL
G100c0.L
G10020LL
G10020LL

910020.1
910020.1

G10020LL
G10020LL
G10020.L
G10020LL
G10020LL
G10020LL
G10020LL

(oamo) nun
o160j01pAH

GeoG8lLL
ceqa8llL
080611
8¢Gl6LL
8091611
9191611
191611
0291L6LL
€L9L6LL
2¢esl61L
€LG1611L
GLGl61L
ceGleLL
13435122
9680611
LEOL6LL
8¢€9C611
Svveell
8661611
1E€6€61L
YGEV6LL
6716611
cevsell
Yevsell
867611
8vGE6LL
LGGEGLL
G29E6LL
0Llc6LL
1G0C61L1
0cce6ll
ceeebll
yG1c61l
0L8l6LL
9lvl6LL
8v.v61L
¥09G611
8€9G611
¥€8061 1
€CLL6LL
9LLLGLL
yrEL6LL
vLLL6LL
0c/L6LL
0¢GL6LL
1251611

(se@a1baq)
apnjibuo

9¢6v9¥Y
9¢6v9¥Y
625197
98LoY
¥0229¥y
8CCCov
GeCeov
9eeor
Leeeoy
61€29Y
GE9Cov
91629¥
2ec0e9r
LCLE9Y
¥2ov9y
Y2eedy
9€0v9y
Ye0vor
Y€8E9Y
60Cv9¥
¥Z8E9Y
Yr.LE9Y
cr8e9Y
9r8E9Y
8v679¥
0C1G9%
8CCG9¥Y
Ge0G9¥y
026191
1€2G9¥
1212114
1421514
806¥9¥
SreEG9Y
0L9G9%
L16E9¥Y
ceeyoy
444414
Leerov
4%°151°1 %
YrSG9y
12/G9%
G2SG9vy
efeeieel s
004G9¥
GCLG9Y

(se@a1baq)
apnjjeT

"HSVYM ‘WVYHONINNND ¥N 991 2°ON SYSNWYM

"HSVYM ‘WVYHONINNND HV3N 2'ON SYSNYM

VM ‘O0SVd 1V AVMILSVYM AlO4

HSVM ANVTHOIY 1V J3AId VIGNNT00

VM ‘ANVTHOIY 8N #'ON "SI NOSNHOI M9 ¥ VIGINNTOD

VM ‘ANVTHOIY YN € "ON "SI NOSNHOr M9 ¥ VIGWNT0D

VM ‘ANVTHOIY YN Z "ON "SI NOSNHOM M19 d VIGNN102

VM ‘ANVTHOIY ¥N L'ON "SI NOSNHOI M19 ¥ VIGINNTOD

VM ‘ANVTHOIY UN SI NOSNHOF 1V 1INNVHO M ¥ VIGINNTOD

VM ‘ANVTHOIY "N SI NOSNHOF 1V TaNNVHO 3 ¥ VIGINNT0D

VM ‘ANVTHOIY YN SONIYdS NOANVYD H31Xvd

VM ‘QTOONIY 1V ¥3AIE VIGNNT0D

VM ‘Q4O4NVH dN HLNOW dUN AVMILSVM 91 3d 1908

VM ‘QTOONIY UN A LYIMOIY 1V AVMALSYM +'913d AIg0S

ALID NISVE dUN M1 3719VI M1d AVMILSVM +'91 3d Alg0S

VM ‘QTOONIY UN 1 d0Yd LV AVMILSVYM S 9M dIg0S

S44N79 ILIHM UN HLNOW IN AMLSM 01 HONVYEE IMNTHVYMN

VM ‘S44N79 FLIHM JV3IN AVMILSYM 01 HONVHE IMNTHYM

VM ‘OTT3HLO ¥N AMLSM V0L HONVHE IMNTHYM

VM ‘VMVYLLYIN N AVMILSYM NIVLNNOW 37aavs digos

VMNYA SAldVY 1S31dd YN H89 VLINY3IA 1V ¥ VIGWNTOD

"HSVM ‘NVA SAldvd 1S3ldd MO39 ¥3AIE VISWN10D

"HSVM ‘ATd3IATEG UN M L INV1dH4IMOd SAldvy 1S3dd

VM ATHIATE N d31LVMAVIH LNV 1dd3aMOd SAldVvd 1S3ldd

"HSVYM ‘ATd3ATEG UN O 9vHO

VM ‘YNHANS ¥V3IN ITT1N0D MO0H a3y

VM ‘YNHANS ¥V3IN MS Av0od 3 1V ITTNO0D MO0d a3y

"HSVM ‘VNYANS HV3IN MITHD gvH0

VM ‘ALID TYAOY ¥V3AN AVOY 3S 9 1V MIFHD gved

VM ‘OT13HLO YN 3NV IVAOY 9V TvdI1v1 HO 9vHO

"HSVM dINVD TVYAOYH dV3AN NIvdd Vv ¢/2 Md

"HSVM 'dINVO TVYAOY dV3aN NIVHAd LY 222 Md

HSYM‘OTT3HLO €N 0 9vd0

VM ‘OTT3HLO N A4 NONVNVYWOW 1V ¥0 gvd0 43IMOT

VM ‘OT13HLO ¥V3AN AvOd IMV1NVOHOW LV MITHO 9vHO

VM ‘VMVLLYIN N AVMILSYM YMVLIVIN dIg0S

VM ‘VMVYLLYIN IN HLNOW ¥N AVMIALSVYM 38¥aM AI90S

VMVYLLYIN IN HLNOW "IN AVMILSVYM SAldVd 1S3ldd dlgos

OT13HLO "N NOHJIS M19 TYNVYO HONVYYHG IMNTHVM Al90Ss

HSYM'OT113HLO YN 3NV IVNYO

HSYM ‘OT13HLO YN IMVY1 1dVvaH

HSYM‘OTT3HLO dN IMV1VAOS

VM ‘OTT3HLO °UN @ WINY 40 AN3 "3 LV M1 3IS00D JH3aMO1

HSYM'OTT3HLO ¥N 3NV IS00D H3ddN

"HSVYM ‘NIAYVM dV3AN MIFHO 9vdO

VM ‘VT113HLO €N 39N4349 MN VIGINNTOD H3ddN 1V 4D 9vd0
aweN uoiels

0LLELVCL
00/E.LVCL
09s€.VCL
0cseLvel
08615€LvCL
09615€LvCL
0v6LSELYCL
0¢61SELVCl
615€.LVCL
8LGELVCL
clselvel
0LGELYCL
80G€E.L¥CL
1L0S€LVCL
90S€.vCL
c0SeLvel
00ceLYCL
061€L¥CL
00LELVCL
0S62.vCL
006¢.vCL
008c.vCL
0S.¢.lveL
004¢.vcL
009¢.vCL
0cseivel
GLGeivel
00G¢.vcl
0ovelvel
08€CLVCL
0G€eCLveL
00€cLvel
00ccivel
06lcLycl
000c.veL
veLLIve)
ceclilvel
(VIAYAZ4"
(IYAYA74"
0L9LLveL
0091 .v2CL
0LGLLVCL
9061 .v¢CL
G0SL.veL
00§} .vCL
Sevlivel

ai-8us

Page 2-73

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

14"
(zsanm)
ealy
abeuleiq

1000€0LL

1000€0.1}
1000€0.}
1000€0.}
0L0020LL
1000€0LL
1000€0.1}
1000€0.1}
1000€0.1}
1000€0LL
1000€0LL

1000€0.1}
1000€0.1}

1000€0LL
1000€0.1)
1000€0.1}

1000€0LL
1000€0LL
1000€0.1)
1000€0.1}

1000€0L1L

1000€0.1}
1000€0.1}
1000€0LL

1000€0.1}
1000€0.1}
1000€0LL

1000€0.1}
1000€0.1}

910020.1

(oamo) nun
o160j01pAH

80¥€0¢CL
20ev0ct
80v¥0cCL
SeEVvoct
Y0v¥0CL
celvoct
S0s¥0cCL
0G9¥0¢CL
9€Ls0cL
0€Ls0cL
6G150¢CL
12945°014
218c¢0ct
GG9s0cCL
oloolct
1G00l¢cL
ccoolel
00v0lcl
00v0lclL
ccoolel
LLoolel
glsolel
6vcolcl
Lecolel
L1820cL
ovoLiel
yeeeoct
60LLLCL
ooLiicl
80¢cLicl
ooctLiel
sGviicl
Lesliel
42°1174"
oveLiel
g€celiel
512121 74"
900clicl
0coclel
yGeelel
81GL6LL
80vL6LL
0SvL6LL
9189811
1GLO6LL
9620611
(se@a1baq)
apnjibuo

65959
GE90.LY
8¢/0.L¥y
Sv.0LY
0560.1
G061.LY
0€0LLY
oviLiy
144 VA%
(XAR VA4
0€0cCLy
2¢c60LYy
ceee9y
SELLLY
SOLLLY
8ClLLLY
VA4 4YA4
244 7A%
ovviiy
6licly
6Cvely
€Lscly
ovlcly
OLLLLy
LEECIOY
(74 49A%
8290.¥
T4 4 VA4
00vlLivy
LSLLY
0SSy
cv8lLLy
8G61 .Y
1G¢cly
0EvLLy
IAYAYA4
LE8LLY
LL6LLY
0c61 Ly
gcecly
0vceoy
61619
8G02C9¥
12029¥
S00¥91
LYEYIY
(se@a1baq)

apnjne

VM ‘©94NgSNITT13 UN ad WNNVLAN 1V HOLId 3dIS 1S3M
HSVM ©dNdSN3IT13 VAN TVYNVO 3dVOSVYO
VM ‘dHOHL "V3AN 0L AVMHOIH 1V M33H0 MNVYMS
VM ddOHL V3N MITHD MNVYMS
VM ‘NNT3 3710 ¥V3AN MITHD INVMS
"HSVYM ‘NNT3 370 "V3IN MITHD AIAOH
HSVYM ‘AINT3 310 UN ¥ AVMVYNY3L
"HSVYM ‘NNT3 370 JV3AN H3IAIE AVMVYNYIL
"HSVM ‘NNT3 370 JV3IN SHH04 MO139 H3IAIY AVMVYNVYIL
ANHOdNYD "D AIMIIA LV I9A1d9 M9 d AVMVYNVYZL M4 ON
VM ‘NNT3 3710 ¥N HLNOW YN M33HD I1ONNC
"HSVYM ‘NNT3 370 UN 90 NOLNYHOHL
TIAOW WOYH AILYINDIENN WNTT IO @ VINIMVA
"HSVYM ‘N3 370 1V ¥3AIE VINIMVA
"HSVYM ‘NNT3 310 dUN H¥3AI-E NN 310
VYMNNTI 31O UN " ANT3 310
"HSVM ‘NATSOY HV3AN Y3340 I1¥3IANOA
"HSVM ‘NTASOY dvaN H¥3AIE WN13 3710
VM ‘NATSOH "vaN IMVTANTI 310
VM ‘NATSOY dN IMVTIANTI 3710 IA0GY J WN13 310
VM ‘NATSOY dN OVSYTNOWIVS 1V H3AIE 434000
VM ‘NATSOY UN HLNOW 1V "3AIY SNLdVM
VM ‘NTASOY UN ¥ SN1dVM AGY J WN13 310
HSYM‘INNTI 310 ¥N J3AIFY INNTI 310 AGY H3AIL VININVA
T3AON WOYH AILVINDIENN NOLSYI @ VINIMVA
"HSVYM ‘NOLSV3 1V H3AIE VINIMVA
YMOINASNITTI dN TYNVYO INITHOIH
VMNOLSV3 1V NOISHIAIQ 1V T¥YNVD NIVIN SVLILLIM
VM ‘NOLSV3 1V TYNVO SVLILLIM
"HSVYM ‘NOLSVY3 "VAN H3IAIY SSTHOWM
VM ‘NOLSVY3 "V3N IMV1 SSTHOWM
VM'NOLSVI N STIHOVM IMVT OL AHVLNGIFL
VM'NOLSVY3 dN IMVT SSTHOVY IA0GY H¥O 390071
"HSVM ‘NOLSVI UN AMV.LNGIdL 4O NOANYO XOd
"HSVYM ‘NOLSV3 "V3aAN M3IIHO NIgvO
"HSVM ‘NOLSV3 YN HO OLINDSON
VMNILIVIAN 1V IMVYT SNTIHOTIM MO13F 1IN 2 ¥ VINIMVA
"HSVM ‘NILYVIN V3N H3AIE VININVA
VM ‘NILEVIN 9V3AN IMY1 SNTIHOIIM
VMMVAH dN IMVYT SNTIHOTIN IA09Y €O AT10D
VM ‘ANVTHOIY ¥N AVYMIALSYM OOSVd aigos
VM ‘ANVTHOIY YN AVMILSVYM €'V 1dd A190S
VM ‘ANVTHOIY 9N | "ON HOLIa ¥31VM3ILSVYM adIigos
VM ‘O0SVd ¥N ST1v4 AGV T¥YNVYO HONVYHE VIdOL13 Aigos
VS3aN "IN S3H AINILOO0IS M1d TVYNVYO '3 SITOHLOd algos
HSYM ‘OT13HLO "V3IN AVMILSYM Ad 89 13
aweN uoiels

00918¥¢CL
00518¥¢CL
oolLi8vcl
06018¥CL
0001L8¥CL
0040821
00908¥¢CL
00508¥CL
00008¥CL
0G.6.vCL
02.6.vCL
0096.v¢CL
L0G6.7v¢Cl
00S6.v¢CL
00€6.vCL
08¢6.vCL
00L6.¥¢CL
0006.¥CL
00S8.v¢CL
00€8.v¢CL
00¢8.v¢CL
0018.¥¢CL
0008.¥CL
009.21v¢CL
1004121
0004.v2CL
0G99.v¢CL
66592721
00S9.v¢CL
0009421
00SG.vCL
0cra.ivel
00vG.veL
00€G.vCL
000G.v¢CL
00.v.vCL
oLSv.iveL
00Sv.vel
000v.L¥CL
086€.LVCL
006€L¥CL
088ELVCL
098€.LV¥CL
02¢8€L¥Cl
09.€.vCL
ov.LELVCL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-74



Hydrology

Chapter 2

cv.
(zsanm)

ealy
abeuleiq

1000€0.}
1000€0.1}

1000€0.1}
1000€0.1}
1000€0.1}

1000€0LL
1000€0.}
1000€0.1}
1000€0.1}
1000€0LL
1000€0LL

1000€0.1}
1000€0.1}
1000€0L}

1000€0.1)
1000€0.1}

1000€0LL
1000€0LL
1000€0.1}

1000€0.1}
1000€0LL

1000€0.1}

1000€0.1}
1000€0LL
1000€0LL
1000€0.1L

1000€0.}

1000€0L}

1000€0.1}
1000€0L}

(oamo) nun
o160j01pAH

9l/c0cL
6G.20¢L
¢G/c0ct
0l/Zcoct
€G9¢0¢L
0l/coct
€llcoct
AYXAI4"
6G8¢0¢L
9v620CL
€1820¢cL
y¥820¢CL
Gecoeoct
166¢0¢C)
90¢coct
8¢620¢L
0vceoct
90¢cocL
144444
144104}
L00€0Ct
8¥620¢CL
¥18¢0¢L
0€8¢0cL
€leeoct
L¥820¢CL
¥¥920cCL
Gge6c0ct
LE0E0C)
9'coLeoct
9ceeoct
8cve0ct
LGve0ct
€¢seoct
oviL¥0ocL
LSv0cCL
¢0.¥0¢L
2e8yoct
€veeoct
829¢0¢CL
oolLeoct
crleoct
¥0c¥0cL
1GEY0CL
0v9¥0cCL
L02s0ct
(se@a1baq)
apnjibuo

8G9€9Y
cSvyov
€0SY9¥
05979y
0L9v9¥y
108¥9¥
80679
€00G9¥
811G99¥
121997
€Eee9y
LG9y
Y0559y
Y€9G9¥y
YySop
96569y
0vS0.LYy
GecoLy
cv.LG9Y
L8G9
GESG9Y
¥G9G9¥
GE8GIY
6G00.¥Y
908G9¥
YASYAVA4
GG0LLY
GeL0LY
414114
L'1GGS9Y
G969y
€000.¥
LCl0Ly
Yv659¥Y
00899¥
0v.G9%
GELG9Y
818G9¥
0200.¥
10104y
€010y
6000.¥
G090.¥
1S¥0.LYy
01S0.4v
L¥90.LY
(se@a1baq)

apnjne

VM VYINIMVA LY ISNOHYIMOJ 1V TYNYD VZOd
VM VYNOWOJd ¥V3aN AVA YZOd 1V T¥YNVYO VZOd
NVYA VZOYd 1V 821 INY 1V NOISH3AIA TYNVYO AGV d VINIXVA
"HSVM ‘WVA VZO¥ 1V ¥3AIE VINIMVA
VM “HIWAM N HLNOW 1V 4D MNvadngd
VMVYZOHY 1V ¥€1 INY 1Y 40 MVYNOS MO39 d VINIMVA
VM “HIWAM HV3AN 128 AVMHOIH 1V M3THD MVYNOS
"HSYM “HIWAM LV NOANVO NOSHIHJON
VM ‘WNNVLANN 1V 80 WNNV.LAN MOT13g J3AIE VINIMVA
VM ‘WNANVLAN 1V HLNOW ¥N Y3340 WNNVLAN
73A0N NOY4 AILYINDIUNN WNNVLAN @ VINIMVA
"HSYM ‘WNNVLAN 1V H3AAIE VINIMVA
"HSVM “TIVHHL 1V Y3340 NOSTIM
"HSVM “TIVHHL LV M33HD AYHIHO
dd 137VEVd ® Ad IMd 4390ave 1V J40 4395avd
VM “TIVHHL 1V AVMILSVYM TTddIHM GV MATHD AHHIHD
"HSVYM ‘©4NdSNI 113 dvaAN M3ITHO IHN00D
VM'SVYLILLIM N H0 NO9I¥vD OL NIvdad 3TIL
VM ‘SYLILLIM 1V @4 SNINTTO 1V ¥ Mdvd
"HSVYM ‘SVLILLIM ¥V3AN AYVLNEIHL NOANYO NOSNHOr
VM “TIVHHL LV MITHO AHYIHO IA0GV MITFHO NOSTIM
VM TIVHHL 1V a4 40 NOSTIM 1V 40 NYNI100
VM ‘SVYLILLIM V3N TYNVYO NMOL MO139 M33H0 NVYINTT0D
VM ‘SYLILLIM N AvOd NYV4 FJNVO IA0GY ¥ITHD WNIANVYN
VM ‘©94NGSNITI3 LV MIFHO NOSTIM
"HSVYM ‘©4NaSNI 113 "dvaAN MITHO WNIANVN
VM ‘©94NGSNI T3 YN O HOIH M9 90 ANANVYN
"HSVYM ‘©dNGSNITT3 ¥vaN YITFHDO NOSTIM
VM TIVHHL 1V 871 INY LV 40 NOSTIM IA0GY d VINIMVA
VM “TTVHHL ¥V3IN H3AIE VINIMVA
VM “TIVHHL MN ‘1IN 6°L NIVEd A3IWVYNNN
VMOINASNITTI LV Y LSNV4 1V 40 ¥3033Y
VM ‘OHdNGSNITIT 1V A8 "0 A¥A 1V ¥ d31ddND
VYM'OINGSNITTI ¥N A4 NMOYg 1V 40 HSVYLHSVYNVIN
"HSVYM ‘©4NdSNI 113 VAN MITFHO HSYLSYNVIN
"HSVYM ‘©4NaSN3I 113 UN 9191 40 HSVLSVYNVYIN M4 HLNOS
VYM'OINGSNITIT YN dNVO 4 AZV1 8V 40 HSVYLSVYNVIN M4 OS
VM ‘©94NGSNITT13 UN ¥O HSVYLSYNVIN Y404 HLNOS
VM ‘©OH¥NGSNITTT 1V 49 AVMHOIH dH¥OHL 1V ¥ VINIMVA
VM ‘©O4NGSNITTI UN INYVH NITHOHIAT 1V HIAIY VINIMVA
VYM'OINGSNITIA LV TYNVYD 3dVISYO
VYMOINASNITTI 1V TYNVYO NMOL
"HSVM 'ddOHL UN "3AIE VINIMVA
VM ‘TdHOHL 1V 'ad NOLNYgG 1V M33H0 WNINVL
"HSYM dHOHL ¥V3AN 334D INNINVL
VM ‘ddOHL IN MOAVv3IN IWNINVYL 1V 4O WNINVL

aweN uoiels

€0058v¢l
000G8¥CL
0S618¥CL
006v8¥CL
008v¥8¥CL
00.v8¥CL
0598 CL
009¥8¥CL
09Gv8¥CL
0GSv8vCL
L0G¥81¢Cl
00Sv¥8¥CL
06¥v8¥ClL
08¥¥8¥CL
09¥v8¥CL
ovvy8vel
00EY8YCL
0Gcv8rel
Geeverel
00¢v8vCL
00Lv8¥CL
0008yl
G66€8YCL
0v6E8¥CL
006€8¥CL
008€8YCL
0G.€8v¥¢CL
009€8¥CL
06G€8¥CL
G8GE8YCL
GLGE8YCL
ovseE8YCL
GeGeBYCL
0cGe8YCL
005€8¥CL
00€eE8YCL
00ce8YCL
061€8YCL
008¢8¥ClL
08.28v¢CL
0c/e8vel
00/28v¢CL
009¢8vcCl
001¢8¥cl
000¢8¥CL
00618v¥¢CL

ai-8us

Page 2-75

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

(zsanm)
ealy
abeuleiq

€000€0.1
¢000€0.1
€000€0.1
€000€0.1
€000€0.L
¢000€0.}
¢000€0.1

¢000€0.1
¢000€0.1}
¢000€0.1}
¢000€0.1
¢000€0.1
¢000€0.1
¢000€0.1)

¢000€0.1

¢000€0.1
¢000€0.}
¢000€0.1
1000€0.1)
1000€0.1}
1000€0.1}
1000€0LL
1000€0LL
1000€0.1}

1000€0.}

1000€0LL
1000€0.1}
1000€0.1}

€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0L1

(oamo) nun
o160j01pAH

oc0lcl
evociel
SL.y0cCL
0S.¥0cCL
S0.¥0cCL
0ler0ocl
L09G0C)
0c9s0cL
8G950¢L
8010l¢CL
celolel
oocolel
c€ooLiel
6lGLlcl
1212 74"
olotLiel
osclicl
6¢lllcl
Ge.L50¢L
oeeLicl
gGsolcl
cseliel
60L€0CL
0€6¢0cL
Gv620CL
Liieoct
619¢€0¢CL
9l0¥0cCL
1251541
8¢6¢0¢L
Gc6eoct
6G/.20¢L
0ceeoct
Gc8eoct
LLecoct
9l/20cL
8G/¢0¢cL
1¥4 717"
8LLV6LL
8Y6V6L1L
82es6lLl
€GES6LL
1215611
£0L00c¢L
65600C1
Gl/lcoct
(se@a1baq)
apnjibuo

0L6e9Y
2ese9y
0S¥E9Y
ovvyoy
(0514%°17
0LSy9y
60679
Gl6v9y
0G8Y9¥
1£2°1%2%14
Yereoy
00559%
0¥859Y
6559
708591
0€859Y
12SG9%
2cese9y
cleq9y
0€L¥9v
02659
€¢S0.LY
¢S.LE9Y
[3e]0) 217
00¢vLly
ceeyoy
laagcid
LL6Y9Y
LE6Y9Y
(01401217
LYoy
12eyov
ye0voy
ceeyov
1445 4°1%
8G9€9Y
6Yvyov
0S919¥
65919¥
[4AR% 1%
2¢0619%
67029
0ceedy
GCeCov
8G9
00.€9%
(se@a1baq)

apnjne

VM ‘STHOVN N ‘AVA NOLIIL 1V IV MOOHNIY

VM MOOHNIY ¥N IHMVT HYITO AGY §3AIY NOLIIL 'A'N
"HSVM ‘STHOVN 4N d STFHOVN

VM ‘STHOVN ¥V3N TVNVO AITIVA HV13S

VM ‘STHOVN dN NOISHIAIA (LV1d MVO) VINIMVA 40 ALID
"HSVM ‘TTIN "V3AN 1V14 MVO 1V ¥ STHOVN

VM ‘317N UN HLNOW 1V ¥ IMYNSITLLVY

(SAY003d S.¥Ng A3HSITENdNN) MIFHO IMYNSITLLYY
VM “37IN 8N INVYNSTTLLVY F1LLIT AGY 8O IMYNSITLLVY
VM ‘TN UN ¥ IMYNSTTLLVY 4'N AGY O IMYNSITLLYVY
VM “1713a44110 ¥N ANYOdINYD AOOMNOLLOD 1V ¥ SFHOVN
HSVM 371IN N HONVH NOSH3ANY 1V § SIHOVN

"HSVM ‘TN ¥VIAN H3IAIE NVOIHINY

'HSVM ‘1IN VAN AYMVLNEIYL H3IAIE NVOIHIAY

VM ‘TN 9N ONISSO¥HO STTIH LV ¥IAIY NVOIHINY
HSVM d3AId NVOIH3INY 1V 93AId ONIdANG

VM TTIN ¥N AVMMTVM SONIES VAOS LV d ONIdANEG
"HSVM “F1IN ¥V3AN H3AIE ONIJIANG

"HSVYM ‘31dIvdd 3S009 ¥N H0 4334
VM “1713A44170 IN HLNOW 1V "3AIY STHOVN ITLLIN
VM “T13A44170 UN M4 "AIN A9V o STHOVN ITLLIT 4N
HSVM VINIMVA N 8N dVO HVT3S LV o YINIMVA
HSVM HVT3S 4N TVNVO HOTAVL
"HSVYM ‘HVY13S dVAN MIIHO SYNIM
HSYM'HVY13S YN ONISSOHO AvOd SYNIM LV YITHO SYNIM
VM ‘HVY13S "V3IN INVT HIHOLI T4 LV MITFHO SYNIM
"HSVM ‘STHOVN dV3IN NOANVO 3NId
VM ‘HVY13S "V3IN IMVYT SYNIM AGV MITHO SYNIM
VM ‘YNOWOJd YN 394149 dd NOSIHYVH 1V H VINIMVA
VM VYNOWOJ 1V G622} INY 1V 40 SYNIM JA0QV d VININVA
VM ‘YNOIWOJ LV HLNOW 1V 42 HV13S
"HSVM ‘VINIMVA dV3AN AYV.LNGIYL M3FHO HY13S
VM ‘YNOWOJ 1V 40 HVY13S 9V d3AIY VINIMVA
HSVM HVT3S dN TVYNVYO JIXON-HVT13IS
IASNOHAMd 40 WHLSNMOQ LS Ad€E N LV TVNVYI VZOd
VM VYNOWOd ¥N NVYA YZOd MO39 d VINIMVA
VM HY3SSOdd UN 0 MOOHHL10Y 1V T¥YNVYO VZOd
VM “H3ISSO¥d ¥N A dv9O 1V T¥NVI VZ0Od
HSYM MIINANVED dN dd SNOT1IM LV TVNVYO VZOd
HSVM JAISANNNS UN dd AHOLOV4 LV TVNVYIO VZOd
HSVM JAISANNNS dN dO NOANVYO M19 LV T¥YNVYO VZOd
VM ‘JAISANNNS 8N AMLSM "0 JINHJTNS M19 T¥YNVYO VZOd
HSVM JAISANNNS "IN dd NOOOJS LV TVYNVYO VZ0d
HSYM'HVT111Z 4V3N avOd NV39 1V TVNVYO VZOY
ASNOHYIMOd M9 LS Ad€E N 1V TVYNVYO VZOd

aweN uoiels

0oolevel
00506¥¢CL
01L006¥CL
00006¥CL
00968¥C1
00568¥CL
00€68YCL
00c68¥CL
0G168¥CL
00168¥CL
05068¥CL
00068¥¢CL
00688¥¢CL
00€88¥CL
0G288vCL
00188¥CL
05088¥¢CL
00088¥CL
005/28¥¢CL
00¥/28¥CL
00¢/8v¢CL
050/8¥¢CL
000/8¥¢CL
00G98¥¢CL
00098¥C1
096G8Y¥C1
0v6G8YCL
00658¥CL
068G8¥CL
06.G8v¢CL
0G.G8v¥¢CL
ov.G8¥cCl
00.G8¥¢CL
0G5G8YCL
005G8v¢CL
662G8YCL
001G8¥CL
020G8vClL
610G8¥CL
810G8v¥CL
910G8Y¥CL
710G8Y¥CL
clos8yel
010S8¥CL
G00G8vCL
€00G8v¢CL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-76



Hydrology

Chapter 2

€56
L¥6

96¢
6€¢C
16°€
/81
(zsanm)
ealy
abeuleiq

€000€0.1
€000€0.1

€000€0.1
€000€0.L
€000€0.1
€000€0.L
€000€0.1
€000€0.1
€000€0.L
€000€0.L
€000€0.L
€000€0.1
€000€0.1
€000€0.1
€000€0.L
€000€0.L
€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

1000€0.1L
€000€0LL
¢000€0.1
¢000€0.1
2000€0.1
2000€0.1L
1000€0.1L
¢000€0.1
¢000€0.1
2000€0.1
2000€0.1L
¢000€0.1
€000€0LL
¢000€0.1
2000€0.1
(oamo) yun
o160j01pAH

6G1L€0CL
Z¢v8c0ct
Z¢v8c0ct
0l8coct
0l8coct
0l8coct
0l8coct
0l8coct
0c¢8coct
€00€0cCL
008¥0cCL
gG6¥0cCL
0cesocL
0cesoct
9€¥S0CL
€¢/50¢L
90¢socL
0LssocL
8G/¢0cL
YRATAAN
9¢8c0cL
8¥8¢0¢CL
¥00€0CL
y€9€0¢CL
61220¢L
€1920cL
2e9¢0ct
8lleoct
,€800¢L
YRATAVAN
9¥820cCL
olleoct
8¢6€0¢CL
olseoct
0Sv€0CL
olecoct
LLeeoct
9GL¥0cCL
G09¥0cCL
029¥0cCL
90.¥0¢CL
0c¢8¥0cL
oloolct
ocoolct
6vv0lClL
Ggclolcl
(se@a1baq)
apnjibuo

0¥829%
LLEIY
14255514
LGLEIY
0G1E9¥%
0SLE9Y
0S1LE9Y
0S1LE9Y
0Lcedy
GGCeE9Y
orLeEdy
0€LE9Y
LELEIY
0LLEIY
€e0E9Y
€629y
GGLEIY
ovee9y
¥02E9Y
GeCeEIY
GeCcedy
L0EEY
12€E9¥Y
9GvE9Y
81L2e9y
eIy
9Cee9y
IreeEIY
710€9¥Y
1 29E9Y
2c9e9vy
AR 14
ov.LE9¥Y
GGLE9Y
108E9Y
OLLY9IY
yrLyoy
8CEYIY
Yyiyoy
(051 4%°17
6EVYIY
0€eyIy
9L0v9¥
0LOoY9¥Y
€e0voy
9r6E9Y
(se@a1baq)

apnjne

VM ‘OLVdVM ¥N SAd SO9IY B VALY 1V NIVYd dIWVYNNN

VM “HINEVd YN TYNVYD NIVIN OLVdVYM

HSVM “H3MyVd 9N T¥NVYO NIVIA

(73a0OW Z GWNN AILVINDIENN) dVD NOINN @ Y VINIMVA

(73A0N WO¥H AdILVINDIHUNN ) dVD NOINN @ "H VININVA

(MIMYVA+STYNVYI/M NODTH)dVD NOINN L1V AlY VINIMVA

(@ILONYLSNODIY) HSVM  dVO NOINN 1V HIAIY VINIMVA

"HSYM ‘VINIMVA 8N ‘dVO NOINN 1V Y3IAIY YINIMVA

"HSYM ‘dVO NOINN LV M33HD WNNVLHY

dV9 NOINN L1V a4 NVINQOOD 1V 40 WNNV.LHY

"HSVYM ‘ODIdAIVL IN SMOYYVYN THL 1V 4O WNNVLHY

VM'ODIdAVL YN 8O WNNVLHY

ODIdINVL 1V 80 WNNVLHY 4'S

"HSVYM ‘ODIdIAVL N 8O WNNV.LHY Y404 HLNOS

"HSVYM ‘ODIdAVL N HONY AVENOD 1V 40 WNNVLHY M4 0S

VM ‘ODIdINVL ¥N HONY AVENOD AGY 8D WNNVLHY 4°'S

ODIdNVL 1V ¥0 WNNVLHY 4'N

"HSYM ‘ODIdAVL ¥VIN MITHD WNNVLHY YHO4 HLHON

"HSYM ‘dVO NOINN 1V 80 WNNVLHY AGY ¥ VINIMVA

HSVYM'dVSO NOINN LV HLNOW ¥V3AN YIIHD MOTIOH IAIM

VM ‘dV9 NOINN 1V d1S a10 1V ¥0 MOTIOH 3dIM

dv9 NOINN 1V ¥ MOTTIOH JaIM

dv9 NOINN 1V a4 NVYINAOOD 1V 40 MOTIOH JAIM

VM ‘WNNNYLHY 9N ‘SN AT TIVA ‘M 1V 40 MOTIOH JAIM

VMdVO NOINN ¥N QY dHOHL 1V NIvYd 33X0ON

VM ‘dVS NOINN YVAN avOy a1314HO¥Ig 1V NIv&d I3XON

VM ‘dVS NOINN YN d¥ 71739 1V NIv§d IIXON OL "gIdl

VM ‘ALID FIXON 1V AY SHIALTVM 1V NIVYd AINVYNNN

"HSVYM ‘ALID IIXOW YN NOANVYD HILYMIYHIS

SLHOIFH FOVHYAL UN ¥ VINIMVA

VM YINIMVA ON NYNLIYH ¥IMOd YZOd IA0QY H VINIMVA

VM ‘YINIMVA HLYON ¥N Y3IAIY STHOVN

VM “TIMITM MITHD FIHOIMOD

"HSVYM ‘VINIMVA UN ¥3IAIY STHOVN

VM ‘d33719 ¥N HOLId a33719 M19 HONOTS NIMSMONg

HILYM HSINIH VINIMVA 40 ALID

AVMILSYM ANVANOD LHOIT 8 ¥IMOd J1410Vd

"HSVYM ‘STHOVN 1V ¥3AIY STHOVN

"HSVYM ‘STHOVN ¥N ¥3IAIY NOLIIL MO39 ¥IAIY STHOVN

VM ‘STHOVN HVIAN TVNVI XOLVdVM

VM ‘STHOVN YN HLNOW 1V Y3AIY NOL3IL

"HSYM ‘IONVYH JAVDO O MVO 1V ¥ NOLIIL

"HSYM ‘STHOVN YN SHYOMAVIH TVNVD 1V Y3AIY NOL3IL

VM ‘STIHOVN VAN TVNVO NOL3IL

"HSYM ‘MOOHNIY ¥VYIN MITHD ISNVH

"HSYM ‘STHOVN ¥V3IN Wvd NOL3IL 1V ¥3IAIN NOLIIL
aweN uonels

0v9€05CL
665G€0GC1
005€05¢CL
L0€E0GC
00€€0SCL
€00€05¢!
100€0S¢C!
000€0SCL
005c05¢CL
06¥205C1
00020521
06610G¢1
00910521
00510621
000L0SCL
006005¢C1
009005¢1
00500521
0S¥005¢C1
Sv¥00GCL
crv00Scl
0v¥00SCL
6700521
LE¥00GCL
0€¥005¢C1
02¥005¢C1
GL¥00SCL
0L¥00SCL
00¥00SC1
01000521
G0000SCL
00066¥¢CL
08686¥¢C1
00/86¥CL
0559621
LLGo6YCL
0LG96¥CL
0ovvevel
000v6¥CL
00s€6vCL
ooLe6YCL
00o€e6YCL
00scevel
000¢6¥CL
00.16¥CL
00§l6¥CL

ai-8us

Page 2-77

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

(zsanm)
ealy
abeuleiq

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.L
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0.1

€000€0.1

€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1

€000€0.1
€000€0.1

(oamo) nun
o160j01pAH

10¢socL
€LLy0cL
Glesoct
1251144
9ceLoct
67500CL
aleLoct
€eL10cL
6G/210¢CL
¥0¥7¢0CL
8¢€/20¢L
6€£520¢CL
8G€c0cCL
Lcleoch
Gv620CL
Z¢r0e0ct
6v€€0CL
8elLLoct
8€LL0Cl
60LL0CL
14140 4"
cveloct
8veL0CL
00sL0cCL
¥G910C1
/'628L0ch
Ly810¢L
LGeecoct
2'6¥5c0cL
0€9¢0cL
0€920cL
0€92¢0cL
8LLV6LL
GCes6ll
6CGS61L1
7195611
028s61LL
2ce0ooct
L¥S00C)
65600C1
0vscoct
8GGc0cCL
00.c0cL
120/¢0cL
61lcoct
8¢€/€0¢CL
(se@a1baq)
apnjibuo

€cleovy
0v819¥
€G919¥
2¢S619¥
71619¥
6€LL9Y
G29l9¥y
¢0029¥
61029%
9Lveov
LLyeoy
92929¥
2¢S929¥
9029y
2eeeov
05029%
2¢SeC9y
00029%
0L029¥Y
1L€029%
9L029%
9r029¥y
L1029V
Y0229y
L0¥29¥y
9'€Leoy
GEVCIY
8G/29¥
9’80629
1G629Y
05629
05629
44317
ces1l 9y
Sv.19v
9¢619%
8¥029¥
YRAYAS 1%
8G129¥
6€2CoY
0v629¥Y
Y¥629¥y
0v629¥y
2coe9y
ovLeov
G0.29%
(se@a1baq)

apnjne

VM ‘FOONIS LH04 "V3IN M¥IFHD JOONIS ¥HO4 HLHON

"HSVM ‘JOONIS 19404 HV3IN MIFHO HSINIJdOL

VM ‘FOONIS L1404 IN NAND MOIA AT1IM 9V 40 HSINIddOL

VM “HIONVHEO 1V ¥ HOYNHO NVIANI 1V NIvdd NOIdVIN

HIONVEO dN NIVHA NOIdVIA

VM'NOLAVIN 9N ad H3INNIM 1V T¥YNVO € "ON SN1VS

VM'SNLYS UN dY AddVH 1V T¥YNVO ¢ 'ON SN1vS

add SY3IATIIN LY HONOTS ALINVM

HSINIddOL "IN dd dd0d AMO0Y 1LV HONOTS ALINVM

OLlVdVM dN dd HONVYYd 1V LIVNOHL3IA LV NIVHAd d3aNVNNN

VM ‘OLVdVYM dN INHSY 1V a4 HONVYHE 1V NIvVdd d3nvNNN

VM ‘OLVdVM dN Y ¥3440H 1V NIvdd A3IWVNNN

VM ‘OLVdVM 1V LS 1SdId 1SVY3 1V HONOTS ALINVM

HSINIddOL "N SAd LSOA ® ¥3MO349 1V NIvVHA A3INVNNN

VM ‘HYHEVYH UN Y 1404 1V NIVEd a3NVNNN

VM ‘HYHHVYH UN NIVHA NOIYVYIN OL NIvEd A3IWVNNN

VM ‘HYHHVH 1V A4 NIVHA HYHYVYH 1V NIVHd HYHYVH

HIAONVYHO 1V dd NOIIVIN 9V 39d1dd €22 AMH 1V o VINIXVA

VM HIONVEO N HLNOW LV NIVHd 4IONVHEO

VM “HIONVYHO 1V NIVHA HIONVHEO

VM HIONVYHO 1V AV 39A149 1V o VINIMVA

"HSVYM “HIONVHEO dVaAN H3IAIE VINIMVA

HSYMHIONVHO dV3IN AvOd NOLYVd 1V NIvHd S€ 9NS

HSYM'HSINIddOL ¥N ad NOSTIM 1V NIVHd HSINIddO1 3

VMHYTTIZ LV 16 INY 1V ¥ VININVA

VM ‘HSINIddOL ¥V3AN 22 AVMHOIH MO39 H3AAIE VINIMVA

HSINIddOL dN o VINIXVA

VM'ATVNOQ 1V €00} WY 1V @ d1vNOQ 1V ¥ VINIMVA

VM ‘OLVdVM dV3AN H3AIE VINIMVA

(73A0ON ‘Z 9NNN AILYTNDIENN) ¥IMHVY "VIAN o VINIMVA

(7300 NOYH AILYTINDIHUNN) ¥IMHVC VAN Y VINIMVA

"HSVYM “HIMHVd ¥VAN H3IAIE VININVA

VMHY3SSOdd UN ¥ dv9 1V TYNVO JAISANNNS

HSVM MAIAANYYEO 1V TVNVO JAISANNNS

HSYM ‘MIIAANYYD YN A AYNHL34 1V TYNVYO JAISANNNS

HSVM JAISANNNS dN dd NOSIAZ 1V TVYNVYO JAISANNNS

JASANNNS N AMLSM dO dNHJTNS M9 TVYNVYO JAISANNNS

JAISANNNS "N dd JA0YED FTdVIN 1V TYNVO JAISANNNS

VM ‘FAISANNNS ¥N @4 MOOTLNO N gV T¥NVO JAISANNNS

HSYM HIONVHD HVIN AvOod INV3F LV T¥YNVYO JAISANNNS

HSVM d3XdVvd dN TVNVYO JAISANNNS

VM “HINHEVd IN NOISHIAIA 1V T¥YNVO JAISANNNS

HSVM d3XdVd 9N TVNVYO NOILYAY3IS3d dT10

HIMHV LV o VINIAVA

HSINIddOL1 1V SAyd INdVv1® d3axo39 LV TVNVO OLvdvM

SNMOYG dN dd FT79dVIN LV NOISNILX3E TVNVYO NIVIN OLVdVM
aweN uoiels

00€905¢C1
000905¢1
00650521
01550621
00550521
G6¥50GC1
06¥50GC1
Z8v50s¢l
08¥50G¢C1
G.¥50GC)
v.¥50GC1
(AT
0.¥50G¢CL
69750621
89¥G0G¢C1
1L9¥50GC1
99¥G0GCL
G9¥G0GCL
09¥50G¢CL
0G¥50GC1
0v¥S0SCL
GEVYS0SCL
0L¥S0GCL
0G€50G¢CL
02es05¢2)
0L€G0GCL
00€505¢CL
00LG0G¢CL
050505621
€00505¢!
10050521
000505¢CL
0¢S¥0SCL
81G¥0G¢CL
9LGv0GC1
71Gv0GC1
4514014
0LG¥0GCL
805¥0G¢CL
G0Sv0SGCL
005v0S5C1L
06¥¥0SCL
000¥0GCL
0S6€0G¢C1
006€05C1
0G9€05¢C1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-78



Hydrology

Chapter 2

g'l8

(zsanm)
ealy
abeuleiq

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.L

€000€0.1
€000€0.1
€000€0.L
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
90102041
€000€0.1
€000€0.1
9010201
€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.L
€000€0.L
€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1

(oamo) nun
o160j01pAH

S¥800¢CL
€¥800¢L
9G800¢L
6¥800CL
G1600CL
czleLoct
0vccoct
9¢veoct
LGecoch
G0scoct
(0) 2744}
€68¢0¢L
1€8¢0¢L
YASTAN A
0G.€0¢L
2e8e0ct
§'G98¢0cCL
¥S0¥0CL
SvS00cCL
0€5s00¢CL
€2s00¢L
Z¢v800¢L
€0800¢L
G'1L€800¢CL
€1600CL
oclioct
€glioct
0ogLoct
Z¢v0coct
0€Lcoct
Sg0scoct
8€/.€0¢L
44444}
009€0cCL
Gveeoct
olzgoct
0€8€0cCL
2G68¢e0cCt
GG8ceoct
608¥0CL
(0257014}
145°(014"
Ly.1¥0cCL
0€8y0cL
Ge8Y0oCL
90€s0¢L
(se@a1baq)
apnjibuo

12919%
92919%
12/19¥
¥2919¥y
G2919¥
GcLL9Y
00S19%
€LG19¥Y
LLGLOY
8071 9¥
0criov
9€C1I oy
9lclov
12S09¥
0LL09Y
21009%
9'001L09¥%
00L09%
92519y
LLOLOY
8€919¥
6v.19%
2¢G819%
9'6¢819¥
8G819¥
6€819Y
¢G819%
0G819¥
€€819¥
LELLOY
2c0eovy
ceLedy
Sv.L19¥y
ceeedv
60529
0€Ceoy
10929
LLECIY
GCeCov
€G929¥
oveCoy
12029%y
GGeeov
oveCoy
oveeoy
L1929
(se@a1baq)

apnjne

VM ‘SNLYS "V3IN HLNOW 1V NIVdd H1HON

VM ‘SNLVS "V3IN AvOod SNLVS 3AISLSVY3A NIvHd HLHON

VM ‘SNLVS dV3IN ANOd IA0GV NIVHd HLHON

VM ‘SNLVS "V3IN NIVHA HLHON IA0GVY MIATHD SNLVS

HSVM ‘SNLVYS ¥N ¥D SN1VS

HSYM'SNLYS "V3IN AvOd MNV1d LV MIFHD SNLVS

"HSVM ‘HSINIddOL dV3IN "0 AYd MO39 ¥ SNLVS

HISNaddOL1 "IN "0 Add

VM ‘HSINIddOL ¥VAN MIFHD AH¥A IA0GVY MITHD SNLVS

VM ‘HSINIddOL "¥V3AN 26 AVMHOIH 1V M3340 SN1VS

VM ‘HSINIddOL ¥V3aN MIFHD SNLVS

HSINIddOL dN "0 ADO1

HSINIddOL "IN 40 ADO1 A9V d0 SNLVS

"HSVM ‘HSINIddOL dV3IN AHVLNGIYL MIFHO SN1VS

"HSVM ‘TTvANIA109 dN HO OANVNIHS

"HSVM ‘TTVANIAT109 dVAN AYV.LNEIYL MITHO OANVYNIHS

VM ‘HSINIddOL UN MITHD OANVNIHS gV MIFHD SNLVS

VMHSINTddOL N NOANYO AT TIVHO-NOSTIM AGY €D SNLVS

VM ‘FAISANNNS ¥N HO SNLVS 9V L2 INY 1V ¥ VINIMVA

VM ‘IAISANNNS €N 8O SN1VS 9V 2/ WY 1V H3IAIE VINIMVA

VM'SNLYS UN €2 WY 1V "D SNLVS AGY H VINIMVA

HSYM'SNLYS JV3IN AvOd SN1VS HLYON 1V NIvdd 331N0D

VM “HIONVEO N 1’82 NY 1V HO HSINIddOL 19 ¥ VININVA

VM “HIONVYHO HYIN (TINNVHO LHOIH) HIAIE VINIMVA

VM “HIAONVHEO HN 962 N 1V HD HSINIddOL 19 H VINIMVA

HSYM'SNLYS YN d0 HSINIddOL

HSYMHIONVHED UN ad HOYNHO NVIANI 1V 40 HSINIddO1

HSYMV4TV4TV 1V 40 HSINIddOL

VM ‘HSINIddOL ¥V3N MIFHD HSINIddOL

"HSVYM ‘HSINIddOL HV3AN AYVLNGIYL MIFHD HSINIJdOL

VM HVHYVYH UN @Y ANV1SI 1V 40 HSINIddOL

VM ‘NVMS JLIHM 8N ad HISIWND3L 1V €40 TN OL ardL

NVMS FLIHM dN Ad NOANYO LV {0 TN

HVYH4dVYH 9N NIvVdd aMv1 anin

VM ‘HYHHVYH UN Y JAISSTHO0H LV NIVEd AINVNNN

VM ‘NVMS JLIHM "N d0 JOONIS 19 MITHD HSINIJdOL

VM ‘NVMS JLIHM ¥V3IN avod M3IA NIVINNOW 1V NIvdd

VM ‘NVYMS JLIHM 8N @d SIMEVE 1V Y3340 AINWVNNN

VM ‘NVMS JLIHM ¥V3N dvOod SIMvE LV M¥33HD JOONIS

VM ‘NVMS JLIHM HV3IN MIFHO ANIOIAIN HLHON

VM ‘NVMS JLIHM HV3AN Y3340 JOONIS

VM ‘JOONIS LH04 "V3IN MIFHD AONIOV

VM ‘NVMS JLIHM 8N @4 ATA INIDOIA3IN 1V M3FH0 JOONIS

VM ‘FOONIS 1HO4 UN ¥ ONIIdS MO T3 M3THD JOONIS

VM ‘FOONIS 1304 UN MITFHD ONIHAS IA0GY ¥IIFHO JOONIS

VM ‘FOONIS LH04 ¥V3IN MITHD JOONIS ¥HO04 HLNOS
aweN uoiels

609805¢C1
80980G6¢1
G0980G¢CL
¢09806¢1
009805¢C1
065805¢C1
00680G6¢1
08¥805¢C1
00¥80SC1
00€80SC1
000805¢CL
066.06¢1
016.0SC1
099206¢C1
06920621
009205¢1
G6G.0G¢C1
¥65.0GC1
065.0G¢C1
G8G.0G¢C1
08G.0G¢C1
09G20G6¢1
065.06¢CL
G¥G.0GCL
G2G.0G6¢C)
01520621
80G.0G6¢1
00S206¢CL
00¥20G¢C1
00€.20G¢21
00¢.0G¢CL
0G1.06¢1
001 20S¢L
060.0G¢C)
05020621
00040521
08690G¢1
096906¢1
006905¢C1
008905¢C1
00490621
009906¢1
025906¢1
005906¢C1
06¥90G¢C1
0€€90G6¢C1

ai-8us

Page 2-79

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

€96

(zsanm)
ealy
abeuleiq

€000€0.1
€000€0.1

€000€0.1
€000€0.L

€000€0.1
€000€0.1

€000€0.1

€000€0.1
€000€0.1
€000€0.L
€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0.1

€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1
€000€0.1

(oamo) nun
o160j01pAH

00S¥61L1L
{0} 474¢1%"
174°1%:1%"
0v9v6LL
CE9V6LL
c0Ls6ll
00SS61L1L
01GS6LL
8vGS61LL
8¢CGS61L1L
7565611
80L00¢L
£0L00¢L
0€000cCL
8¥100CL
€G6S611
[A%°1%"
YGES6LL
265611
€C95611
8€8S61L1
¢0/561L1
105611
€CLS61L1L
8G9S61L1
6295611
Lv9S61L1L
GG9S61LL
G0/S61L1L
7195611
7095611
8295611
YyGeS6LL
€CLS61L1L
¢0c00cL
¢elooct
Z¢vs00cL
1G/00¢L
SvS00cL
L'€¥900¢C1
S'v¥900cCL
69990021
g'6L.00CL
8¥.00¢CL
2e800¢L
¥¥800¢CL
(se@a1baq)
apnjibuo

00€19¥
12€19¥y
6LEL9Y
Svclov
YANAR 4
PrLlov
L0ELIY
00€19¥
12€19¥y
eIV
€GEL9Y
c0gL9¥y
€0519¥
8G919¥
8CL19¥
00.19%
ccllovy
05029%
Ge8lL 9y
02529y
62619
60L29%
ovLeoy
ovLeov
0LLe9oy
ovLeoy
ovLeoy
ovLeoy
¥5029%
ovieov
ovLeoy
67029
ovLeov
¥G2ccov
1GC19¥Y
SLyiov
8cy1ov
GeS1L9Y
9051 9%
GGS19Y
1L'96G19¥
8'Gl9l9¥
9'/2919¥
L1919¥
9291 9%
€C919¥
(se@a1baq)

apnjne

"HSVYM “H3SS0O¥d ¥VAN HIAIY VININVA

VM “H3SSO¥d LV ad NNN9 1V T¥YNVYO d3T1ANVHO

HSYMY3ISSO¥d 1V AvOd AGT3HS 1V NIVdd AG13HS

VM “Y3SSO¥d 1V AvOod VAWVM 1V 8¢S ar

d3ISSOdd LV d VINIMVA

VM E3SS0OHd IA0GY H VINIMVA OL NIvdd

VMMIINANYHEO UN SS INY 1V 99 dITON3T 1V ¥ VINIMVA

VM ‘NOLEVIN ¥VIN H3IAIE VININVA

JINANVYYEO 1V d9 diTond IA08V IN L d YINIMVA OL NIvdd

HSYM'MIAIAANVYHO dN dVOd ISYHO 1V NIVHA MAIAANYEO

"HSVM ‘NOLAVIN 1V "H3AIE VINIMVA

VMNOLAVIN 1V 22 AMH 1V €0€ NIVdd SNLVS

HSVM JAISANNNS UN AVMILSVYM d0 dNHJINS

HSVM JdAISANNNS dN NIVdd € did

VM ‘TAISANNNS L1V @ IVAQIN 1V d1S M9 NIvdd € did

HSVM JAISANNNS dN NIVdd 6 did

VM ‘AISANNNS YN @d VLINVM 1V ¥FTHO NOANVD MOVv1d

HSVM JAISANNNS "IN 40 NOANVO MOv1d

HSVM JdAISANNNS 1V NIVdAd LNOHSVM

"HSVM ‘JAISANNNS "V3IN AHVLNGIY1L YIAIE VINIXVA

HSVM JAISANNNS LV NIvdd 81 did

(00} X LNINIAIS ATIVA)VM IAISANNNS ¥N +'65 NIvHd

"HSVM ‘IAISANNNS YN "ay ITS LV i1 ¥°6S NIvdd

"HSVM ‘JAISANNNS ¥N 'a¥ ITS LV +'6G NIvdd

"HSVYM ‘IAISANNNS ¥N 2°09 "Ha M19 965 NIVHd

"HSVM ‘IAISANNNS YN "'ay 7S LV 2°09 NIvdd

"HSVM ‘IAISANNNS YN "ay IS LV 0°09 NIvdd

"HSVM ‘IAISANNNS ¥N "ay ITS 1V 9'6G NIvdd

"HSVM ‘JAISANNNS ¥V3N 209 NIvVHd

"HSVM ‘IAISANNNS ¥N "ay 17S 1V §'09 NIvdd

"HSVM ‘IAISANNNS YN "ay 7S 1V 2'09 NIvdd

(00} X LNINIAIS ATIVA)VM IAISANNNS ¥N 0°1L9 NIvHad

"HSVM ‘IAISANNNS YN "'ayd IT7S 1V 0'L9 NIvdd

HSVM JAISANNNS "N M33HO INHJTNS

HSYM'NOLEVIN dvaN dvOod AINOOT LV €0€ NIVHd SNLVS

VM'NOLEVIN UN €19 INY 1V H4O dNHATNS A0GY H VINIMVA

VM ‘NOLEVIN dV3AN 22 AVMHOIH 1V 20€ NIVdd SNLVS

VM ‘SNLVS "V3N NIvdd HLNOS

VM'SNLYS N 89 NY LV HO SN1VS M19 d VINIMVA

VM ‘SNLYS YN MIFHO SNLYS OL MITHD 1371LNO0 IMv1IvaL

VM ‘SNLYS "V3IN IMV1IvaL

VM ‘SNLYS YN "0 SNLVS OL M3FHD 137LNO IMV13IAI4gON

VM ‘SNLVS JV3IN IV 3IAI49ON OL MOTANI LSTAM

SNLVS 1V ¥0 SN1VS

VM ‘SNLYS 1V 39V 1V YIFHD SN1VS

HSYM'SNLYS 1V AvOd SNLVYS HLHON 1V Y3340 SNIVS
aweN uoiels

005605¢C1
66¥60GC1
96¥605C1
¢6v760G¢1
68760521
00260521
050605¢C1
00060SC1
866805¢C1
16680621
066805¢C1
01680G¢C1
06880G¢CL
0%8805¢C1
8€8805¢C1
0€880G¢C1
02880G¢1
G1880G¢CL
018805¢1
00880S5¢C1
06/805¢C1
6./80G¢C1
81/80S¢C1
91/80G¢C1
G/1/80G¢C1
€1/80G¢C1
1£/80G¢1
01180S¢1
69/80G¢C1
99/80G¢C1
G9/80G¢1
GG/80G6¢CL
€G/805¢C1
0€/80G¢C1
069805¢C1
08980G¢C1
09980G6¢1
0€9805¢C1
G2980G¢CL
0%22980G¢|
0222980G¢1L
0v12980G¢CL
0212980G¢1
12¢980G¢l
02980S5¢C1
01980G¢C1

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-80



Hydrology

Chapter 2

(zsanm)
ealy
abeuleiq

€000€0.1
€000€0.1

€000€0.1

€000€0.1
€000€0.L
€000€0.1
€000€0.1
9100201
€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0L1

€000€0.1
€000€0.L

€000€0.1
€000€0.1
€000€0.1
€000€0.1

€000€0.1
€000€0.1

€000€0.1
€000€0.1

€000€0.1
€000€0.1

(oamo) nun
o160j01pAH

80LL6L1L
9661611
9GEC6LL
1290611
L¥9061L1
GS0061L1L
LyL06LL
8290611
€ELLBLL
8GLL6LL
Al 141%"
Gcee6ll
0cec6lLlL
9l€c6lLlL
€GLY6LL
1(44°61%"
YAYA%1%"
1445517
12cS6lLlL
€CLi6lLL
1€8¢C61L1L
90¢ceblLL
81GE6LL
c06€61L1L
LEOV6LL
LE0V6LL
1401¢1%"
0€6e6LL
8€0V6LL
cOLv6LL
LECYBLL
YA % 4%:1%"
8ELV6LL
oveEV6LL
6789811
cleLell
LivLBLL
¢090611
6¢60611
6lvL6LL
[454%:1%"
145:1%:1%"
€Gle6ll
9€Le6lLlL
8€LC6LL
Lyye6LL
(se@a1baq)
apnjibuo

GLSl9Y
0S.19%
80¢cC9¥
€0C19¥
10CL9Y
€G609¥
GG01l9¥Y
10C19¥
EveL9Y
8GE1L9¥Y
creedy
9reeov
9261 9%
€651 9y
820€9¥Y
6CLE9Y
yLyedy
8EGEIY
0LSE9¥Y
€LLLOY
€LGloy
€0L19%
8GG19Y
€Criov
8GEL9Y
covioy
494514
GLocov
00¥19¥
4014514
12S19%
¢c9l9vy
12€19¥
Gcelov
60909
9Ly
6€LL9Y
€¥609¥y
€0¢19¥
veLLOY
LELLOY
0CLL9Y
GGLL9Y
Yvelov
el ov
1€S19%
(se@a1baq)

apnjne

VM ‘ANVTHOIY 1V 39ald9 AMH 281-1 1V 43AIY VINIMVA
ANVTHOIY "N 949 NVSITO NVA 1V H3AIE VINIAXVA
VM ANVTHOIY 9N WvA Sdidvd NYOH MO39 ¥ VINIMVA
VM MOIMINNIM 1V AV3IH LV T¥YNVYO L 'ON dID
VM MOIMINNIM 1V AV3IH LV T¥YNVYD € 'ON dID
VM ‘AFTINI4 1V AN3 1V T¥YNVYO 2 'ON dID
VM ‘ATTINIH IN AVMILSVYM T¥YNVYD ¢ 'ON dID
VM MOIMINNIM 1V AVv3H LV T¥YNVYO Z 'ON dID
VM MOIMINNIM 1V 39A1¥9 1IFHLS INVHO 1V TYNVYO dID
VM MOIMINNIM 1V MHVd VIGINNTOD LV AVMILSYM dID
VM ‘ANVTHOIY L1S3IM UN WVA SAldvd NHOH 1V 1¥YNVYO dlo
VM ‘ANVTHOIY YN WVYA SAldvd NHOH av "d3AIY VINIMVA
VMALID NOLN3E N ¥Z INY LV J VINIIVA
"HSVYM ‘YNOIM dV3IN AHVLNGI™M 1L H3IAIE VINIMVA
VM ‘NVA SAldVY 1S31dd UN dS IMVYNSTTLLYY UN HO AHA
VM ‘AVA SAldVY 1S31dd YN Y2 AVMHOIH LY 40 Add
VM ‘NVA SAldvY 1S31dd 9N 2 AVMHOIH 1V Y3340 a100
"HSVM ‘NVA SAldvd 1S3ldd "IN AYVLNGIdL 30 aT100
VM ‘NVA SAldvY 1S31dd 9N INITALNNOD 1V M¥334D d100
"HSVYM ‘YNOIM dv3IN NOANYO H3gg3am
"HSVM ‘WYNOIM 1V d3AIYE VINIMVA
VM ‘ALID NOLN3G YN HLNOW 1V 40 NOANYD TvdH0D
dLIS1IHM YN 6'G€ N 1V dANd 93TANVHD IA0GY o VINIMVA
ad OMSOH "VaN "3AIH VINIXVA
VMNVHLSLIHM 1V "0 ONIYdS SN1d 1O SAJINS
VM ‘NVHLSLIHM 1V HLNOW 1V X3390 S3dINS
HSYMY3ISSO¥d ¥V3aN MIFHD S3INS
"HSVM ‘ALID NOLN3IF YN AYVLNGIF1L 4O S3INS
VM ‘NVHLSLIHM 1V HLNOW 1V M3340 ONIYdS
HSVYM¥3SS0O¥d HVAN AVOd SS3IH LV M3TFHD ONIEdS
d3SSOdd dN dd JIAVIHION LV MIFHD ONIHdS
VM “H3ISSO¥d HUN A SMNVH 1V MITHO ONIHdS
VM ‘NYHLSLIHM 9N H0 ONIYdS ® 4O S3INS 9V o VINIMVA
VM “H3SS0O¥d 1V ad NNNg VAN H3IAIE VINIMVA
VM ‘ATINI4 IN HLNOW "N AVMILSVM ¥ NOISIAIA AiM
VM MOIMINNIM 8N AV3IH LV 1vH31V1 dANNd NOWY aiy
VM MOIMINNIM UN Av3IH LV TYNVO ¥ NOISIAIQ diX
MOIMANNIM "N NIVHA 4400 OL dINNA TVYNVYO LAINHOIH diM
VM MOIMINNIM 1V 1S A13 S 1V TYNVO MOIMINNIM
VM MNOIMINNIM YN AVIH 1LV YNV 43d334 ANV THOIH diM
VM MOIMINNIM UN dNNd AIM M19 AVMILSVYM NONY
VM MOIMINNIM UN ad ¥31734d0T0 1V T¥YNVD diM
VM ‘VYNOIX YN @d NOANVYO d39avd 1V T¥YNVO diM
VM ‘YNOIM dN AV3H 1V Ivd3Lv1 1Sv3 ¥39avd ai
VM ‘YNOIM 8N AV3IH 1V 1vH31V1 1SIM "39avd ai
VM “H43TANVYHO €N TVNVYO aiM

aweN uoiels

006LLSCL
008LLSCL
0cslisel
0s0LLSCL
0v0LLSCL
8¢0LLSCL
YeoLLS2L
ocotLisel
ocolLisel
alLoLLsct
0ooLiscl
0G6015¢C1
008015¢CL
00401521
GG901GCL
0G9015G¢C1
G2901lGCL
02901521
819016¢1
00901521
00501521
00¢0LSCL
006605C1
06860G¢C1
0€8605C1
628605¢C1
028605¢1
008605C1
01160621
00460521
869605¢C1
969605¢C1
069605C1
¢89606¢1
8.960G¢C1
¥2960G¢C1
049606¢1
99960G6¢1
099605¢C1
05960621
0v9605C1
8€960G6¢1
029606¢1
719605C1
¢19606¢1
009605¢C1

ai-8us

Page 2-81

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

[44Y)

9G1
oLel
0lL6
9¢8
1G€
891
60€
60€
00269
0lL6

000¥0L
000¥0L

000t0L

861
€3Gy
LGS
69¢
L'.L¢
vee
LLe
vv'e
x4
8'/¢

0clL9
(zsanm)

ealy
abeuleiq

G01090.1
G0L090.L

G01090.1

G0L090.L
701090.1
¥01090.1
¥01090.1

¢01L090.1
€020G0.1

€020S0.1
€0¢0G0.1
€0¢0G0.1
€020G0.1
€020S0.1
10102041
¢02c0S0.1
¢020S0.1

G0€0L0LL
9100201
9100201

910020.1
910020.1

9100201
91002021
910020.1
910020.1
910020.1
9100201
91002041
910020.1
910020.L
910020.1

€000€0L1

(oamo) nun
o160j01pAH

ceevLLL
GGOoELLL
LeeesLl
S0EELLL
€Y8CLLL
809¢C/LLL
GeScLLL
olvelilL
SlELLLL
0GLSZLL
8vLS.LLL
92ovLLL
€C619LL
0005911
0GL¥9oLL
Lcesall
0LSLLLL
0€LLLLL
004¥LLL
004¥LLL
0S6v.LLL
0veS.LLL
GeoL8llL
Sv0L8LL
8¥899LL
0561811
€G9c/LLL
6290611
GCL06L1L
7280611
1G80611
GGS061L1L
8GYL6LL
9160611
9010611
0v0061L1L
0000641
9cls8llL
yyLG8LL
9G/¥8LL
67L¥8LL
GG8¥8LL
9€8y8LL
12S16LL
0cSL6LL
0€sL6lLlL
(se@a1baq)
apnjibuo

cllesy
0€9€sYy
0SveESY
LELESY
14T4%14
2c6esy
029csy
8162SY
0Locsy
SGEVSY
90¥¥S¥y
02605Y
L0SYSY
SreeEsy
G0SLGY
€LLGYY
0G¢shy
ovovvy
0500S¥
G110S¥
9097y
0covvy
14305344
€LoEYY
1444244
S0.LvEY
Ye6ELY
00€19¥
ceel oy
€GC19¥
S0cl9ov
00€19¥
LELCIY
8129y
€LeCoY
Sv.Cov
81GE9Y
6EVEIY
676€9Y
0GS¥9v
yc6v9y
LL8Y9Y
0c6¥9¥
12v19¥y
L0€19¥
0LSlovy
(se@a1baq)

apnjne

"OFHOWYNIN 1V J3AIE WYNIN
HO VYMOTIVM dN ‘NOANVYO HILVYM MOT139 J3AIE VMO TIVM
HO0 VMOTIVM 1V Y3340 dv3agd
"93H0 YMOTIVM dV3IN MITHO Hv3d
HO ‘ANILSOT UN AVOd ¥3IMVE 1V H3AIY ANILSOT
HO ‘INILSOT 1V INV1 31dNVO LV "Y3AIL ANILSO1
"93H0 ‘INILSOT ¥V3AN H3IAIL ANILSO1
HO0 ‘ISIYdETILINT UN TYNVI ALND SSOHO A9V d VMO TIVM
"9FHO'HAIASOr YvaAN IMVTVMOTIVM
{0 ‘SSVY19 ONIMOOT ¥VIN MITFHD SSYI1OONIMOOT
HO ‘SSY19 ONIMOOT UN IMVLNI M19 "D SSYT1DONIMOOT
'9340 ‘NOINN ¥V3AN YIFHD ANIYIHLYO
dl ‘adig 3LIHM 1V J93AId NONTVS
"OFHO VHYNII LV H3IAIE YHYNNI
INIT ILVLS JO-dl AVA NOANVYOD ST13H LV d3JAIY IMVYNS
NOO3IHO ‘MOIX0 VAN Y33HD ANId
"93H0 ‘I9dlid9 M3IN €N OS gv O 319v3
"OFHO ANV THOIY "V3N "3AIY 43AMOd
'93H0HYIAMOd HLHON ¥N S3H ATA L 19 ¥ 43AMOd
HO “H3IAMOd YN HIOAHISTY ATTIVA 43IHL
HO YIMVE LV J3IAIY ¥3AMOd
HO YILdINNS ¥V3AN J3IAIY 43AMOd
HO ‘Q404343H ¥VvaN J3AIY INHNd
H0 ‘ALINN "VAN HIOAY3STH ALINN
al “Y3SIIM LV J3IAIY INVYNS
HO ‘ATSMIHA UN H3IAIE NIHTVIN
‘'VM ‘NOILVYLS 1S31 301440 a13Id INYIOCS
VM MOIMINNIM 1V ANVISI §3A0TO NO H3AIE VIGWNT0D
VM ‘0O0SVd LV 39dId9 §6€ AMH MO13g H3AIY VIGNNTO0D
VM MNOIMINNIM UN HLNOW UIN AVMILSVYM NOANVYO T3LNIZ
VMMOIMINNIM 1V LS HIANOINVA AGY AMLSM NAND T131NIZ
HSVYM OOSVd 1V d VIGNNTOD
VM ‘ANVTHOIY ¥N HLNOW YN TINNVHO AlIQ 13Z1vNOS3
VM ‘0O0SVd ¥N SYHYOMAV3IH 19 TINNVHO AIQ 13Z1vNOS3
VM ‘0O0SVd 4N ad 4OOWIDVS LV 331N0D 13ZLVNOS3
VM VIdO113 1V 3371N0D 13Z1LvNOS3
VM ‘VYS3W 1V 337N0D 13Z1vN0OS3
'HSVM TTINNOD "N 33T7N0D NVOINNNAd
VM “T1ANNOD 1V 337N02 13Z1vN0S3
"HSVYM ‘NOL1VH HVaN AYV.LNGIYL I33T7NO0OD NOLLVH
"HSVYM ‘WYHONINNND YN 2'ON 49141 3371N0D NOLLVH
"HSVYM ‘WYHONINNND dV3IN 33T7N0O IONIAINOHE
"HSVYM ‘WYHONINNND 1V 337N0O IONIAINOHE
VM ‘ANVTHOIY 9N HLNOW dN AVMILSVYM NONY
ANVTHOIY LV SONIYdS MOAV3IN 1V g9ld L AVMILSYM NONY
HSVM ANVTHOIY dN H3IAIE VINIXVA
aweN uoiels

0051€€ECL
0SvLEEEL
00.0€€ct
00G0€ECL
00€0€EEL
0G00€€ECL
0000€€ECL
0./62€€)
0009ceCL
00€vCEEL
08¢veeCt
0000ceCt
000.L€CL
000¢6eEL
0S¥062¢€1
061062€1
00¢88cEL
00£98¢€EL
005G8¢¢EL
00058¢¢EL
00024¢€L
00€G.¢EL
000€LcEl
00scicel
00069¢¢EL
ooovicel
000000€ L
00Sv1LGCL
00vvLScl
00LviGeL
S60vLSGCL
0ooviScl
00.€1521
0G9€1LGCL
009€15CL
00S€1LSGCL
00vELSCL
00€€LGCL
000€LSCL
00/¢1SCL
009¢LSCL
0GGCLSCL
00521LGcL
0sLclsct
0olLclsel
000cLseL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-82



Hydrology

Chapter 2

el
a8l
S0

G'ee
6Cl
9'G
G0

000€0}
000€0}

€89
ve'e

0¥96
g'ce

0,56
gee

0¥08
ovve
09€l
089S
0SLL
0811
oL6l

6'v€
8l
€ce
980
0Ll
9G1
0l
6Ly
v.'C
L've
/C
000€6
0S6¢€
08¢¢E

(zsanm)
ealy
abeuleiq

£01090.1
20109011
£01090.1
£01090.1
£01090.1
20109041
201090.1
£01090.1
£01090.1
£01090.1
£01090.1
20109011
€01090.1
£01090.1
€01090.1

90€090.1
90€090.1
90€090.1

€01090L1
€01090.1
€01090.1
€01090.1
€01090L1
€01090.1
€01090.1
€01090.1
€01090.1
€01090L1
€01090L1
€01090.1
90109021
90109021

(oamo) nun
o160j01pAH

L0L¥LLL
A"
8vvcLiL
8€9¢C/LLL
6C9¢LLL
LescLLL
LlcLLLL
SvcLLLL
9€LLLLL
8¢6cC.LLL
¥rOLLLL
1G60LLL
L290LLL
7180LL1L
ceEVOLLL
ovLOLLL
7065911
9€/991L1
IrvSoLlL
GE6YOLL
S18¥9LL
L19¥9L1L
LYSYOLL
0€ecollL
8161911
LLLESLL
€CS19LL
ce8SSLL
LLGESLL
9v0EGLL
80C0L.LLL
9€e0LLL
10S0.LLL
81€0LLL
966011
9060441
0celLlilL
6CLLLLL
8¢6S9LL
1G/0LLL
0089911
GGGS9LL
9€8991L1L
9100411
0042.LLL
SLoELLL
(se@a1baq)
apnjibuo

0G9€9¥
2629y
Gv829¥Y
¥00¥9¥
8G6E9Y
y€6E9Y
0L/29ovy
Yyveoy
2¢G929¥
€061 97
61529%
(274°14%14
12veovy
0Lecoy
€292
€529y
8¢52C9¥Y
90929%
00929%
G692y
9€529Y
€¢829¥
8GEYIY
000€9¥
LLOEIY
92059%
€¥829¥Y
¢LS09%y
¢0609¥
¢LS09¥y
61529
G129y
8¢ccov
12029¥y
652097
Ge619Y
0v619¥
G29l9¥y
¢SL19Y
70809¥
AYAR 14
0L609%
0SS09¥
€Ly09¥y
S¥9SSY
L€9€SY
(se@a1baq)

apnjne

"HSVM ‘AYd34 TVHLINIO ¥UN 8O NVINAv3A

"HSVM ‘VHVLVd ¥VaN AYVYLNGIYL HOTND HLINS

"HSVM ‘VHVLVd 8N 8141 Y3340 NVINQVY3Id Y04 HLNOS
HSVYM ‘NVAd FLINVYO ¥3IMOT MOTIE HIAIY INVNS

VM (8¥) Wvd FLINVEO ¥3IMO1 19 Y3AIY IMNVYNS

VM ‘NVA FLINVYD ¥IMOT LV AVETHOL M1 ILINVEO ¥IMOT]

VM ‘NOLSMHV1O ¥V3IN HLNOW 1V M3FHD NOANVYD I0Ld3LS

"HSVYM ‘NOLSYHV 1O "VvaAN HLNOW LV YITHD VMOV
"HSVM ‘YMOJTV IN HO1NO NOLAV 1D
"HSVYM ‘V103d L1V 40 VMOV
VM ‘INOLVYNY N HD YMOJTY IA0GY HIAIY INVYNS
"HSVM ‘NOLSMHVY 1O dvaAN H3IAIE IMVYNS
"HSVM ‘NOLSMHV 1O UN HLNOW 1V M¥3FHD AYd
VM ‘NOLSHHEVTO HV3IN MIFHO AHd
VM ‘NOLSHHVTIO 1V ZL'2€1L TN LY H3IAIL INVYNS
al ‘NOLSIMIT LV L¥0 TN LV H3AIE H3LYMAVYI 1D
al ‘NOLSIM31T LSV 1V ST JLINVYEO H3IMOT
dl ‘NOLSIM3T ¥VaN H3AIY H3LYMEVYITO
OHVAI ‘NOLSIM3T ¥VAN HLNOW LV M3FHD IVMLVH
dl ‘ONIATVdS 1V "3AIY 43LYMEVYIT10
al ‘IVMdVY1 8N 0 IVMAVYT
dl ‘MOddY dIN HOTND MOYHY
dl ‘AOY1 1V {0 ¥v3g ITLLIN
dl ‘MO3d YN H3IAIE YIFLVYMEVITO
dl ‘YMHVSHY 1V 43AIE ¥31VMEVYI 1O MHO04 HLIHON
adl ‘NOILYLS H3AONVYH NOANVYO YN H3IAINE HI1IVMEVYITO 4N
dl ‘ONIJ0HO0 LV J3AIY J31LYMAEVY3I 10
al ‘SALILS 1V H3AAIE ¥ILYMEVITO '4'S
al “T13MOT ¥N H3AIY VSHOOT
dl “113MOT YN H3IAIY AVMT13S
adl ‘NOLSIM3T 1V €¥'6€)L TN LV H3IAAIY IMVYNS
al ‘NOLSIM3T ¥VvaN ‘HLNOW LV YITHD ANVININVL
"HSVM ‘NOLSYHV 1O UN Mvdd d1314HOLIEO
VM ‘NILOSY 1V ¥3340 NILOSY
"HSVYM ‘INOLYNY "V3IN MITHD {3 TLNId
"HSVM ‘NILOSY UN HOTND AINYHVYIM M19 ¥O NILOSY
"HSVM ‘NILOSY dV3aN Y3340 NILOSY
VM ‘NILOSY dV3IN JONINTINOD MO139 MITHD NILOSY
"HSVM ‘NILOSY dV3IN HLNOW 1V X3390 ITANIL
"HSVM ‘INOLVNY 1V 42 TN
"HSVM ‘NILOSY HV3IN HLNOW 1V Y3340 ISN0D
al ‘NOLSIM3T ¥Vv3aN HLNOW 1V ¥334D NHOM NIVLdVYO
VM ‘INOLVYNY VAN H3IAIE IMVYNS
"HSVYM “13ANIZ 1V ¥3AIE IANOY IANVHEO
"9340 ‘AOYL 1V HIAIY IANOYH IANVHD
HO ‘WVYNIN HV3IN H3IAIE VMO TIVM
aweN uoiels

089€EVECL
099€VECL
029eveELL
009€vECL
G6SEVECL
06SEVEEL
09GEVEEL
0eseveELL
0cGeveELL
0LGEVEEL
G0SEVEEL
00GEVEEL
0sveveeL
00veEveEEL
0ceeveet
06LEVEEL
600€VECL
0ooeveet
009¢veECL
00GeveEEL
0Gveveet
0091vECL
0LVLvECL
0S0LveEEL
000LvEEL
0090vECL
0000vECL
006G8€ECL
000.€€€L
00G9€€EEL
662GEECL
6¥CGEECL
0ocseeel
0G05€ECL
006vEEEL
00.vEECL
00SYEEEL
0Svveeet
0crveeel
00¥vEEEL
09€YEECL
oLEYEEEL
00EvEEEL
0ooveeet
000€€EEL
008lL€EECL

ai-8us

Page 2-83

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

¥6°C

%4
881
961
|7%4
9'L.

L'[C
88°0
cel
8¢'L
Sve

€'Ge
9
G6'¢
LEY
09l
2’99
€9’
8.0
(zsanm)
ealy
abeuleiq

80109011
80109011
8010901
80109011
8010901
801090.1
80109011
8010901
8010901
8010901
801090.1
80109011
8010901
801090.1
80109011

8010901
801090.1
8010901
8010901
8010901
801090.1
80109011
8010901
8010901
8010901
801090L1

£01090.1
£01090.1
201090.1
20109011
£01090.1

/0L090LL
/0L090LL
/0L090Z1L
/0L090ZL
/0109011
/0L090LL
(oamo) yun
o160j01pAH

[4%214:1%"
LGvcLLL
6GcclLL
yyeclilL
60ccLLL
crocLLL
029LLLL
oveLLLL
LLLLLLL
Lv0LLLL
L00LLLL
8v0LLLL
OLLLZLLL
0€60.LL1L
0180ZLL
1020LLL
¥ZL0LLL
9v899LL
c€899LL
8v60.LL1L
GG60.LLL
S¥899LL
G0S0ZLL
oclecliL
710CLLL
706L.LLL
6GELLLL
olELLLL
G0S0ZLL
L0v0LLL
0049911
7095911
1G2S9ll
0c0o¥9lLL
81608L1L
Lv/08L1L
0G208L1L
/¥908L1L
GGE08LL
0ceelllL
0Svv.LLL
L€208LL
ceLostlL
YGov.LLL
LGYY.LLL
GZselll
(se@a1baq)
apnjibuo

1€/G9%
rAZ°1°11%
2cee9y
€eeq9¥y
€2EG9¥Y
A4
GG6Y9Y
4%3°14%1%
0cryoy
6GEYIY
Aci14°14
1GEYIY
GCeYIv
oLevoy
9LEYIY
¢SeYIY
GGeEYIY
9CeYIY
SYeEYIY
L0EV9P
0ceyoy
Lyevov
GG8E9Y
05€G9Y
8¢1S9v
GLSG9Y
1€8G9%
068599Y
412114
9EVS9Y
GGYeoy
8€/G9Y
8Cl0.LY
004G9%
81Lce9y
8€0€9Y
€00€9¥Y
9829y
020€9y
0v829¥
0€929¥
6SYE9Y
905€9¥
1GGEY
905€9¥Y
0ccedy
(se@a1baq)

apnjne

"HSVYM ‘YNONIM 1V AYV.LNEIdL ¥ 3SNO1vd

ANONVIA "IN o 3SNO7Tvd

"HSVYM ‘XV4100 1V AdVLNgId 1 Y3AIE 3SNOTvd

VM XVY4700 ¥VaN d1S MO139 d3AIY ISNOTvd

"HSVYM ‘XV4100 1V ¥H¥04 HLNOS MO39 H3AIY 3SNOTvd

VM XVY4700 L1V 43AI4 3SNOTVd 4°S

"HSVM ‘FANMVYHS 1V 40 JTINENO4

NVYINTINd IN d 3SNOTvd 4 S

VM ‘NYINTINd 1V ¥3AIE 3SNOTVd 4S OL MO141N0 d1S

"HSVYM ‘NVYINTIN LV M3FHO 1v1d IMNOSSIN

"HSVM ‘NVINTTNd "V3AN 9idL M3FHO Lv14 [4NOSSIN

"HSVM ‘NVINTTIN 1V J3AIE 3SNOTVd MH04 HLNOS

HSVM NVINTINd 1V d 3SNO1TVd 4 S 40 MH04d Add

"HSYM ‘NVINTINd YN ¥O 3SIavyvd

"HSVYM ‘NVYINTTINd 1V Y3340 3SIavevd

al ‘MOOSON dvaN d1S MO39 ¥33HD 3SIavavd

al ‘MOOSON dVvaN d1S 1V M3340 ISIavyvd

dl ‘MOOSON 1V ¥9 3SIavdvd

al ‘MOJSON LV 1S d 1v ¥0 3SIavdvd

HSVM ‘NVYINTTINd LV 40 INIHSNNS M19 ¥ 3SNOTvd '4'S

"HSVYM ‘NVINTTINd UN O 3SIAvdvd AGY J 3SNO1Vd M4 OS

al ‘MOOSOIN dN H3AIF 3SNOTVd 4'S

"HSVYM ‘NYINTTINd dN AYV.LNEIFL Y3AIE I3SNO1Vd '4°'S

"HSYM XV41709 1V d43AIY 3SNO1vd

XV4700 LV NOANVYD MONd AV d 3SNOTvd

"HSVYM XV4100 ¥V3aN H3AIY 3SNOTvd

VM ‘NOLH39173 YN avOod NOLH3Ig13a 1V 43AIY 3SNOTvd

VM ‘NOLI3F13 1V ¥3AIE 3SNO1vd

VM ‘ISNOTVd dV3aN 222 31LN0Y J1VLS LV H3IAIF ISNOTvd

"HSYM ‘ISNOTVd LV ¥3AIY ISNO1vd

"dl ‘HOLVT1LOd YN H3AIY 3SNO1vd

dl ‘HOLV11L0d "V3aN Y3340 433d

dl ‘HOL1V110d ¥N 9141 40 433a

adl ‘Q4dVAYVYH ¥V3aN J3AIF 3SNOTvd

SHYIMOd LV Jd NONNVONL

VM MONGHVLS 1V YITFHD 907113M

"HSYM ‘MONGHVLS €N 9id1l 40 9907113

"HSVYM MONGHVLS UN ¢ 'ON H.L ¥0 9907113

"HSVYM MONGHVLS dvaN ¥3IAIEY NONNVONL

AOY3INOd 4N HO YHVYLVd

"HSVYM ‘AOH3INOd YN H3AIY NONNVYONL

VM ‘ANVA ISO09 FTLLIT MOT3F JIAIL INVYNS

VM ‘NVYA 3SO0D F1LLIT LV AVEIHO4 NVAHEG INVT

"HSVM ‘Add3d TVHLINTIO UN MITFHO MOAVIN

"HSVYM ‘AdY3Id TVHLINTOD YN AHVLNGIEL 40 MOAv3aN

"HSVM ‘AOHINOd YN AHVLNGIY1 HOTND Avd N3gd
aweN uoiels

60€6VECL
coe6reel
0oee6reELL
0cecereet
olLcereet
00¢6vECL
0006vECL
02G8yreLL
G0S8YECL
00G8vEEL
00¥8vECL
0008vECL
00G.vECL
000.v€CL
06697€CL
0L9v€ECL
09/9v€CL
0G.9v€CL
0049v€CL
0099v€EL
0059vECL
0G¥oveECL
00¥9vECL
0019v€ECL
0G09v€EEL
0009v€ECL
0LGGYEEL
00GSvECL
0LESGYEEL
00€GYEEL
000GvECL
008YvECL
00.v¥ECL
02orveEEL
02syveet
0LGYveEEL
80GYvECL
90GvvECL
00GvveECL
00€EVYEEL
000vvEEL
098EVECL
Ga8eveELL
008EvECL
06.EVECL
00.EvECL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-84



Hydrology

Chapter 2

000601
8l
000801}

LC°)
619
LGL
yAY
68¢

v'ee

6l
005¢
v'.9
G6°0
v6¢
681

090¢
¥S56

el
(%

120
€28
40

20¢
Y9’
L'yl
el
986
(zsanm)
ealy
abeuleiq

¢0104041
¢0104041
¢0104041
¢0104041

10102041
910020.L
0110901
0110901
0110901
01109041
01109041
8010901
0110901
8010901
801090.1
80109011
8010901
8010901
8010901
801090.1
80109011
8010901
8010901
8010901
801090.1
80109011
8010901

80109011
80L090.L
60L090.L
801L090ZL
60L090ZL
60109021
60L090.L
60L090LL
60L090ZL
60109021
60109021
60L090LL
60L090LL
90€010LL
60109011
80109011
801L090.L
(oamo) yun
o160j01pAH

GZLiglLL
01808LL
€0208L1L
81€C8lLlL
1200611
LLLOBLL
8¢SL6LL
[44%0(61%"
YGSv8LL
02988l
GGeS8llL
A74°°1%"
A 14%1%"
cGeesllL
Lv/08LL
9r8081L1L
LELLBLL
6€9081L1L
91108LL
SLEVLLL
LOOvLLL
LY8ELLL
S06ELLL
2680811
€CLo8LL
80SS.LL
€eesLLlL
¢GSclLLL
1€GS9LL
GG80LLL
0vSS.LLL
L€SSLLL
L'6G/2G.1L1L
€09G.2L1L
9G2S.LLL
SLivLLL
YveeLLL
619¢.LLL
ocevLLL
GClLELLL
710€LLL
vlecLLlL
geeelil
8v6cCLLL
6v.LV.LLL
0l8¥.LLL
(se@a1baq)
apnjibuo

GGY09¥y
0€€09¥y
62009¥
9r009¥y
Ly2097%
9€019¥
9819y
6GC19¥Y
82CCEIY
ceviov
¢0S19%
8G¥19¥
VLEE9Y
VLEE9Y
1 28E9Y
IrSyov
8€0LLY
6ECLLY
€CLL LY
Ge0CLy
G002y
6L0C.LY
vevely
LESYIY
145 1%2%14
92sv9v
rA4%1°i%
LE8Y9Y
8YCEIY
GEVEIY
GEVGoY
6SY59Y
9'€ee0Ly
GCv0Ly
1G60.L¥
9190.¥
1G90.LY
0€20LYy
¢c80LYy
CIXAYAY
veelly
9€8L.LY
0EvLLiy
L0vCly
9€9G9¥Y
07959%
(se@a1baq)

apnjne

VM VTIVM VTTVYM UN "0 3N19 M9 80 1IN
"HSYM ‘VTTIVM VTTVYM dV3N Y3340 IN19
"HSVM ‘VTTIVM VTIVM dV3IN M3FH0 TTIN
F0V1d 3937700 "N d VTIVM VTIVM
VM ‘ATINI4 UN AN3 LV T¥YNVYO € 'ON dID
"HSVMATINIA 1V H3AIE VIGNNTOD
"VM ‘NOILVLS 1S31 301440 1314 OOSvd
"HSVM MNVEHNEG LV Y3AIL INVYNS
"HSVM “T13NNOD dVaAN AYV.LNGIdL NOANVO HLINS
VM ‘NVYA HOgHVvH 321 19 ANVY1SI 3S009 19 d93AIY IMVYNS
"HSVYM ‘YA HOgHVH 301 M19 H3AIL INVYNS
VM ‘NVA HO0gHVH 321 1V AVEIH04 VIMVIYOVS IMV]
VM ‘NVA TVINIANNNOW HIMOT MOTIG JIAAIE IMVYNS
VM ‘NVA TVINIANNNOW H3IMOT LV AVvETHO4 LSAM O H IMV
"HSVYM VIdVdIY dV3aN 9i41 NOANYO 1HVMALS
"HSVM “d3dOO0OH LV Y3340 MOD
"HSVYM ‘TTTIAZLIY VAN AYV.LNGIYL M33FH0 MOD
VM ‘INOLSAIM UN IMVT ITTIAT0O 40 137LNO 1V 4O MOD
HSYM'INOVHdS dN IMVTINOVHIS
VM HIGNY LV IMVT HIGNY
"HSVYM “d39NVY HVY3AN INVT SWVITTIM
HSYM {3V dN IMVT H3Oavd
HSYM 3XMVT TVOIA3IW 1V IMVT H3IANTS
VM “d3dOO0H 1V ¥3AIE 3SNO1vd
"HSYM'NOQHO09 1V 4O MOTIIM
"HSVM ‘ISSOHOVT HVAN AUVLNGIFL 4O MOTIIM
"HSYM'ISSOHOVT dN 4O Lv1d NOINN
"HSVYM XV4100 ¥V3aN Y3340 1v1d NOINN
dl ‘33S3INTD 1V ¥0 MOD
HSVM ‘NOL100 UN ¥ 1v14 NOINN
"HSVYM ‘YNONIM LV H3AIY 3SNOTvd
"HSVYM'VYNONIM N €0 MO0
VM ‘FH3IATY dV3IN 39A149 dvOod NIa3I3HG 1V MFTHO MO0
VM ‘THIATH "IN MITHO MO0Y
"HSVM LNOWV1 ¥V3IN AYVLNGIYL ¥O 3191
VM ‘FH3ATH VAN M3IFHO AOOMNOLLOD MOT3d MIFHD MO0Y
HSYM'NVM3 dN O ATTTVA LNVSY31d 19 O AOOMNOLLOD
"HSVM ‘NOLNHOHL YN AYVLNGIFL 4O AFTIVA LNVYSVY3I1d
"HSVM ‘NVM3 dvaN M33H0 MO0Y
VM ‘ALID INId 1V AVOY ALID 3NId LV Y3340 ANId
VM ‘ALIO INId 1V Y3340 3INId
"HSVYM VZV1d 1V AYV.LNGIdL MvHd NYNAYVH
HSVYM ‘VITVYSOY 1V ¥0 3NId
VM ‘AINIHO dN HOLId O3 1TIHd
VM ‘YNONIM 1V ¥33H0 1v14 1393
"HSVYM'VYNONIM 1V "3AIY 3SNOTvd
aweN uoiels

009€L0VL
00S€EL0VL
0ooclovl
009¢lOovL
00090011
00050071
0000001
00ceseet
0G0€GECL
010€GEEL
000€S€ECL
0G625€€CL
009¢GECL
G65CSeECt
0G52sect
0052s€ECt
00¢csect
000cSEEL
0081GECL
02¢G1GEEL
00G1G€€CL
G6v1LGECL
00€LGEEL
000LGEEL
0060G€EL
0080S€CL
00/0S€€L
0050G€EL
8¥¥0GECL
00€0GEEL
0000S€€CL
0066vECL
0986¥€CL
0G86vECL
0086vECL
00.6vECL
0696vECL
0,96¥v€€L
00G6vECL
0lLv6reEEL
00¥6vECL
0GE6VEEL
oveE6YEEL
GeeE6YELL
0ce6YEEL
oLe6reEEL

ai-8us

Page 2-85

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

L0V
a9y
9¢ce
9.1
LEL

000¥le
0oorie
80
0921

0991

€€
L'y
ol'v

L0b
6’y
89'¢

19€

L've
G'es

6¢
10°€

801
901
49%
col
891
44
1414
v6'L
6¢v

1'G6

(zsanm)
ealy
abeuleiq

€01040L1
€01040L1
€01040L1
10102041
10102041
10102041
1010204}
¢0104041
¢0102041
c01L0.20.1
¢0104041
¢0104041
¢0104041
¢0104041
c01L0.20.1
¢0104041
¢0104041
¢0104041
¢0104041
c01L0.0.1
¢0104041
¢0104041

¢0104041

¢0104041
¢0104041
¢0104041

c01L0.20.1
¢0104041
¢0104041
¢0104041
¢0104041
¢010.041

¢0102041
20102041
20102041
010201
¢01020.1
¢01020.1
20102021
(oamo) yun
o160j01pAH

80v¥8LL
2seesll
A21%1%"
00v¢Z8LL
0cLesll
0c6L8LL
LE6L6LL
Lv/16LL
Sv.L6LL
L'Ev/LLI6LL
8G¢S8LlL
0€Ls8LL
GGSY8LL
crev8LL
0€LS8LL
6507811
00L¥8LL
GZeesllL
910¢8LL
€16¢28LL
8€618LL
1G/08L1L
GGE08LL
SlEL8LL
1060811
L0811
0vc0o8LL
¢0/S.LL
9v9S.LLL
0LZS.ZLL
G0/LS.LLL
SOVS.LLL
LEESLLL
SOVS.LLL
€G9¢e8LL
€2se8lLlL
0lvi8LL
LcLiglLlL
71€E8LL
21828l
85918l
12ol8lLL
0LZL8LL
Gleesll
GGal8LL
8eCL8LL
(se@a1baq)
apnjibuo

8LoYSY
8E6ESY
LE6ESY
000vS¥y
0CLySy
LLEVSY
109GSY
92¢8GSY
6€.5GY
C'899GSY
cLe09y
00¥09%
91209¥
ov109¥
00¥09¥%
62209¥
0€209¥y
0L609%
1S¥29vy
vLLL9Y
1G/19%
YAAYAc 4
05029%
82919¥
SvS1L9v
ovviov
9¢/19¥y
Gc0coy
€L919¥%
00819¥
€G/L19%
Sv9l9¥y
¢S919¥
Sv919¥
7009y
G2e09y
0c.09%
GL909¥
€G2¢09¥
2¢ec09vy
yev09y
GEYO9Y
Gcr09vy
0C109%
0Z¥09¥y
60S09¥
(se@a1baq)

apnjne

HO ‘NOLITANId "IN AANE NOILVAYISTIH M 1V d VTIILVIAN

HO ‘NOISSIN dUN 40 AOOMNOLLOD

HO ‘NOISSIN 9N ¥O INIHSNOOW

¥O ‘NOgdID dVvaAN MITHO MVNOS

'93HO'NOGdID 1V MIFHO WYHOVIN

HO ‘NOgdI9 UN YITFHO WYHOVIN IA0GY H3IAIL VTIILVYIAN

HO VTIILYIAN 9V3IN WYd AYNOW MO139 d3AIY VIGIWNNTOD

HO VTIILVYIAN IN MOOTNVA AYVYNOW 1V 93AIY VIGNNTOD

HO VTTILVINN UN WVA AYVYNOW 1V Ava3d04 ¥ VIGWNTO0O

HOVTIILYIAN YVANNYA AYYNON 1V H3AIE VISWNT10D

"HSVYM ‘VINTIVM "V3IN AYVLNGIFL HIAIE VTIVM VTIVM

VM VINTIVM dV3IN J3AINE VTIVM VTV

13IHONOL "N "D ddS WHVM 19 d VTIVM VTIVM

"HSVYM ‘LIHONOL ¥VAN HIAIE VTIVM VTIVM

VM ‘VINTIVM 8N TYNVYO LOIYLSIA NOILYOIYYI VITVLLY

13IHONOL 1V d3AId LIHONOL

"HSVM LIHONOL YN ¥ 13HONOL

VM ‘NIAMOT HVIAN AYVLNGIEL ¥3AIE LIHONOL

"HSVYM ‘3AAT0 dV3IN MOTIOH ¥39avd

"HSYM HVIANVT UN ¥ L1IHONOL

"HSVYM'LLODS3IHd LV MOTTOH INOLSLIHM

"HSVM ‘ITTIASLINNH "V3IN M3THO AVMON MHO4 1Sv3

"HSVM ‘NOLAVA dV3IN MOTIOH NHOHL

"HSVYM ‘S3T71709 1V ¥3AIE L1IHONOL

"HSYM'OINEGSLIVM N ¥0 13dd0D

"HSYM'OHNGSLIVM YN "0 AIUSIHM

"HSVM ‘NOLAVA "V3N "3IAIY L1IHONOL

"HSVM'NOLAYA UN HO LI1vd

"HSVM ‘NOLAVA 1V ¥3AIE LIHONOL MH04 HLNOS

"HSVM ‘NOLAVA YV3IN MOTIOH SIAVA

"HSVM ‘NOLAVA 1V 43AIE LIHONOL MHO4 1Sv3

HSYM‘NOLAVA YN 4D ATT1VH 19 ¥ L13IHONOL 43

"HSVM ‘NOLAVA "V3IN MIFTHD AT 1LVH

VM ‘NOLAYA 1V 43AIE 43FHONOL MHO4 HLHON

"HSYMLIHONOL UN ¥O 3INId

"HSVYM'NIAMOT LV HO Add

"HSVYM ‘VTTVM VTIVM dV3aIN M3THO Add

"HSVYM ‘VTTVM VTIVM dV3IN AYVLNGIF1L M¥ITHD ONIYdS

"HSYM'NIAMOT UN ¥ VTIVM VTIVM

JOV1d 3937109 dN d9 add NOISSIN LV J9O TTIA

YTIVM VTIVM LV AVM MOISNVL LV d0 TN

"HSVM ‘VTIVM VTIVM LV Y3340 TN

"HSVYM VTIVM VTIVM LV HO NOSIHHVYD

"HSYM ‘30V1d 3937700 UN ¥ ¥MMVHMOTIIA

"HSYM VTIVM VTIVM 1V 4O YMMYHMOTIIA

VM VTIVM VTTIVM UN 39aidd ad 31N 3AIH LY 30 T1IN
aweN uoiels

06802011
09.020v1L
0v,0c0vL
02¢50covL
00€02C0vL
0000c0vL
(g451%04%
0cc6l0vL
0lLc6lovl
00¢610vL
00L6L0VL
00061071
00981071
00G6810vL
00081071
0091071
00G210vL
06¥.10v1
00cZilovl
0cLLLOvL
00LZLOVL
040ZL0v1
010.10v1
000Z10vL
0G6910v1
00691071
0L89L0VL
00891071
00491071
05991071
0r99L0vL
0L99LovL
009910v1
00691071
001910Vl
05091071
0009L0vL
006G10v1L
0GSGL0vL
00¥SGL0vL
¢00S10v1
000GL0vL
00Sv1L0vL
00vvLovl
0ooviovl
00.€L0VL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-86



Hydrology

Chapter 2

16l
Ge'g
290
1.0
€09
S0
Z'L8
€G’1L
06¢¢C
9’8y
0¢
(zsanm)
ealy
abeuleiq

901040L1
901040.1
901040.1
901040L1
901040L1
901040L1
901040.1
€000€0.1
901040L1
901040L1
901040L1
901040L1
9010401
901040L1
901040L1
901040L1
901040.1
9010201
G01L040L1
90€040.1
¥02¢0.40.1
¥020.40.1
¢0c0.0.1
€0¢040.1
10102041

10102041
10L020Z1L
¥01040L1
¥01040L1
¥01040L1
¥01040L1
010201
¥01040L1
7010401
10102041
10102041
10102041
10102041
1010204}
10102041
10102041
910020.1
€01040L1
€01040L1

(oamo) nun
o160j01pAH

Llev0ct
€0.0lclL
¥0901¢L
6c/0lcl
1G801¢l
gceliel
ciglicl
Zsiiiel
(74274"
0estLiel
oogLicl
cgelLliel
ocliicl
609LLcl
0catiel
geviicl
0ssLicl
oestLicl
008S0¢L
G0vS0cCL
0evcoct
0c000c¢L
0GG¢c6LL
GZ8061LL
611S8LL
0evesLL
¥0920¢L
olococt
8LLE6LL
916261l
LEEE6LL
9GeeblLL
L€CE6LL
144%1%"
€G0¢E6L1L
0€sS61LL
Legloch
6¢vS6LL
019¢€6LL
019¢€6LL
g€celoct
ccelLell
ccelLell
€E6L6LL
1G9€8LL
6EVY8LL
(se@a1baq)
apnjibuo

VA4% 114
€19GsY
Sv.SSY
LL6SSY
87009V
L0109
L¥9GSY
2ce09y
67€09¥y
02509y
0€809%
90609%
0v019¥
8G¢C1 9V
0€519¥
G519y
0G819%
0G819%
006€SY
0c.LESY
9LGeSy
1A 244
0S8y
0cesyy
10Scvy
6clevy
qGvyay
0lL8¥S¥y
Z¢Slesy
GGlLesy
000csy
coLesy
050csYy
9661 G¥
YRAVA 14
0€05SY
6¥65SY
cL§Gesy
6€.09¥
GeEV09y
1L0¥09%
018GSY
cre09y
LLySSy
¥C0ESY
LLBESY
(se@a1baq)

apnjne

"HSVYM ‘ITvANIAT109 dvaAN M3ITFH0 ¥311Nd

AOOMNZITO M9 o LVLIMOITHM

VM ‘AOOMNITO ¥N HO LININNS 19 o LYLIMOITM

AOOMNZTO &N 9O LINNNS

AOOMNZTO dN dO ILIHM

HSYM'AOOMNITO dN 0 1311NO

"HSVM ‘AOOMNITO YN 40 NOANVYOD ATTa3IN

AOOMNZTO IN d0 M13

AOOMNZTO dN dO LNOYL

"HSVM ‘AOOMNITO HVIN HIAIY LYLIMOITH

VM ‘AOOMNITO HV3AN MIFHO ¥vYONO0D

"HSVYM ‘AOOMNI 1O UN °0 AAdNN 919

VM ‘AOOMNITO VAN MITHD WYHONINNND

AOOMNZETO dN dO ddS vAOS M1d o LVLIMOITH

"HSVYM ‘QOOMNI 1O UN ¥ LVLIMOITY ¥HO4 LSAM

"HSVM ‘AOOMNITO YN M4 1SIM AQY H LVLIMOITH

VM ‘AOOMNITO HVIAN MIFHD Tdvad

VM ‘AOOMNITO ¥N ‘MITHO TdVId IA0GY HIAIY LVLIMOITH

¥0 ‘S3TIVA FHL "V3IN "3IAIE VIGWNNTOD

9340 S9919 "V3IN ‘AQOON LV H3AIY STLNHOS3AA

"9JHOALYHI4 ATYNOADN LV H Avd NHOr

HO MIATHD IDIAGIS LV H3IAIL Avd NHOr

'9340 INIFWNNOW 1V ¥ AVA NHOF M4 N

"O3FHO0 HUILLIY 1V ¥ AVA NHOF M4 N

HO ‘Avd NHOM ¥v3aN H3AIME Avd NHOr

ALID FIFIVHd "IN SONIAAS LOH NLW 3N719 1LV J Avd NHOr

"HSVM L1713ATSO0Y HV3AN MITHD MO0

"HSVYM ‘ITvANIAT09 UN ¥O MO0Y

¥0 “Y3INddIH "IN MIFHO NOLNIH

HO “H3INAdIH YN M4 ANNIMTIM 19 4O NOLNIH

HO “Y3INdd3H 1V Y3340 390HS

"93H0 YINddIH 1V ¥FFHO MOTTIM

HO “Y3INddIH LV INVT MITHD MOTIIM

H0 “Y3INddIH "V3IN MH04 N1vd

HO “H3INddIH 4N ‘IHVT 4O MOTIIM AGY YITHD MOTTIM

"HSVYM ‘TTvad3diyv Lv 40 ¥3av

"HSVYM ‘NOLIMOIF "VAN MIATHD ¥3ATV

"HSVYM ‘I1vad3ay dvaN 9id1 NOANYO avad

"HSVYM “H3SSO¥d dN g9y Y3340 3AVTO HONVHG LSV

"HSVYM “H3SS0¥d ¥V3AN YIFHO 3AV1O HONVHG 1SV

"HSVM ‘NOLITHMOIEG VAN AHVLNGIEL MIATHD 3av1o

"HSVM ‘HLNOWATd IN NOANYO ITINENOA

"HSVM MOIMINNIM UN AHVLNGId1L NOANVYD ¥34049

O3HO VTIILVIAN IN d VTILLVIAN

"DIHOMO0Y LOTId HVIN MITHD AVION YHO4 HLIHON

HO ‘NOLITANId °UN AYVANNOT LSIAM 1V 4O VMV.LVd
aweN uoiels

00LLELYL
00GLLLYL
0ovLLLvil
00LLLLYL
0080LLYL
0c/0LLvl
0040LLvL
0670LLYL
08v0LLYL
0000LLYL
00S601Lv1L
00060L¥1L
00G80LvL
00¢80LvL
00080LvL
00040LvL
005901LvL
00090LvL
004G0LvL
000€0LvL
0008¥0v1
005910V 1L
00097011
000v¥0vL
0€58€0v L
0989€0v 1L
0099€0v 1L
00G9€0vL
009vE0VL
085vE0V L
0GSvE0vL
00SvE0vL
06¥vE0VL
08¥veE0VL
(R424014%
0GEYEOTL
Geeveovl
0ceveEOrL
082veEorL
0L2ve0vl
0Gereovl
00LveEOVL
ovoveovl
00GEE0TL
00cceorl
08612011

ai-8us

Page 2-87

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

9'/¢
LL¢
9le
68l

9'¢
000L¥e
160

144

€'ee
801
v.'¢C
0000t¢
gce
L'0¢
€0¢e
(4
8l
801
6.
€ve
G0
12"
L'y
Ll
147
2'6¢€
98¢
¥6¢
69¢
88’
ove
g8l
€69
6'79
y'ce
6.¢
([0} 5
08¢
6'9¢
Sl'¢c
120
G'e8
oL
(zsanm)
ealy
abeuleiq

1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
1000801
G01L020ZL
G0L020LL
G0L020LL
S0L020LL
G0L020ZL
G01L020ZL
G0L020LL
G01L020LL
G01L020Z1
G01L020ZL
G0L020LL
G0L020LL
G0L020ZL
G01L020ZL
G01L020ZL
G0L020LL
G0L020LL
G0L020LL
G0L020ZL
G01L020LL
G0L020LL
G0L020LL
S0L020ZL
G0L020ZL
90102041
901L040LL
901L040LL
901020ZL
90102041
90102041
901L020LL
(oamo) yun
o160j01pAH

€ooveel
oooveel
oceceel
leleee)
0sveect
yeeeecet
0coveel
ocLcecet
c¢eveeel
Ggcoceel
olleeel
9cleeel
ggalect
oclieel
cocsiel
YAYA AT
00csliel
00sslicl
GgG00cel
0Gc0cel
yXa114"
8e€8slcl
0cosicl
ovovicl
8G/¢lcl
0s8elet
ov.iElel
oeLElct
oeselel
cgeLelet
ooeclcl
glociel
clielet
0csclel
oeeclcl
oceelel
oslelel
ylociel
0geclel
cecliel
ceeolel
67.50¢CL
112 2°(014}
0G.¥0cCL
[AZA{A]
LLeyoct
(se@a1baq)
apnjibuo

cr6eSYy
€E6ESY
ol6esy
908€SY
€28EaY
0€6€SY
qLlesy
G0SESY
919€5¥y
S0CYSy
LLGESY
1GOESY
0€LESY
SvSeESY
8GL¥SY
LEEYSY
008¥SY
008¥SY
L26VSY
L06YSY
LE8YSY
0G¢Gesy
0cvesy
0Gevsy
GCevSy
0Lsysy
009%SY
0S9vSY
008v¥S¥Y
80S¥S1
0S.¥SYy
SrLGsYy
L0€SSY
00455V
0€6SSY
02009%
05109%
90909%
0c6€sY
(451214
8€0GSY
yELGSY
Gc0Gesy
GL0GSYy
0v0SSY
0€5G6SY
(se@a1baq)

apnjne

VM “4IANODNVA 1V HLNOW YV3IN MIAFHD 39dId9 LNHNg

VM “HIANOINVA 1V HLNOW 1V M3340 AdT10D

VM “HIANOINVA 1V M¥3FFHD I9AId9 LNHINd

VM “YIANOINVA LV 133HLS HL8L LV MITFHO I9aldd LNHNd

VM “HIANOINVA 1V AvOod NOLHNg LV M33H0 I39alidd LNdNd

VM “HIANODNVA LV AV H1ZLL 1V MITHD I39aidg LNdNd

VM “H3IANODNVA 1V d VIGNNT10D

"HSVYM ‘SYINVO JV3N MIATHD ATIAINIOHED

"HSVM ‘SYINVO 1V IMV1 SYINYIOV]

"HSVM ‘NOSNIMOOH V3N M3FHD IVHONVHS

HSVYM “TVONOHSYM 1V ¥ TYONOHSVYM

"HSVYM “TIVONOHSYM HV3IN H3IAIE TVONOHSYM I1LLI1

"HSYM “TVONOHSYM HVIN H3IAIE TVONOHSYM

"HSVYM “TIVONOHSVYM HV3IN M¥ITHD NOANVO

VM ‘NOSNIATLS 1V ¥ VIGNN10D

"HSVYM ‘NOSHVYD HV3IN H3IAIY ANIM

"HSYM ‘NOSHVD VAN MI3HD ¥IHLNV

"HSYM ‘NOSHVD HV3IN M33HD LNOYHL

VM “d319VLS ¥V3IN M3FHD LNOHL

"HSVM ‘NOSHVD HN d0 LNOAVT

"HSVM ‘NOSHVO UN M3THO LNOYL 9V o ANIM

"HSVM ‘NOSHVYO HV3aN d0 AYd M19 d ANIM

"HSVYM ‘NOSHVO HV3IN MIFHD ST1v4

"HSVM ‘ATTIVA FWOH LV AYVLNGI-L ¥3AIE VIEWNT0D

"HSVYM ‘MO0D "V3AN d3IAIY NOWTVS ILIHM I1LLIT

"HSVYM ‘@dV1TIM ¥V3AN MITHO MO0Y

"HSVM ‘dVTTIM 40 NVHAVYT AGY d NOWTVYS JLIHM 3111

"HSVM ‘QdVTTIM LV 43AIE NOWTVS JLIHM 3TLLIN

"HSVM ‘@dVT1TIM UN d NONTVYS 3LIHM 311117

"HSVYM ‘A0O0OMY3IANN dN d NONTVYS ILIHM

"HSVYM ‘NNSNH 1V ¥3AIY NOATVYS JLIHM

"HSVM “d3INHO0D Z-9 1V 93AId NOWTVYS JLIHM

"HSVYM “Hd3INHO0D Z-9 N O Sd13Hd

"HSVM M1 LNO¥L UN WVA HSVT1dS 1V ¥ NOWTVS JLIHM

"HSVYM ‘TIMVY1 LNOYL ¥V3AN HIAIY NOWTVYS JLIHM

"HSVM ‘IXV1 LNOYL UN MIAFHD IMVT LNOYL

"HSVM M1 LNOYL YN HO M1 4L 9V ¥ NOWTVS ILIHM

"HSVM “11LNOYL ¥N ¥D SIAVYOSYI M19 ¥ NOWTVS JLIHM

HO “Y3IAIY AOOH ¥N ‘IDAIFdg Y3aMONL 1V 43AIM AOOH

"HSVM ‘LLid ¥V3N H3AIY LVLIMOITH

HSVYM ‘SNOVIMHYM UN o LVLIMOITY 3TLLIN

"HSVM ‘ISNOHMD0T dvaN M3ITFHD TN

"HSVYM ‘ISNOHXMDO0T ¥VaAN MITFHO ONIHAS

"HSVM ‘TTVANIATOD €N gL SIAIM LYLIMOITY 3TLLIN

"HSVM ‘I1vANIAT09 UN o LVLIMOITM I1LLIT

"HSVYM ‘ITvANIATOD dN o LYLIMOITM I1LLIT ONOHd M
aweN uoiels

coe6licrl
Lo6LLCYL
006LLeyl
868Llcyl
L68Licvl
G68LLevi
00.vvivi
009v¥LYL
06Svrivl
0SSvvivi
00Lyvivi
0oovvivi
00SeYLYL
o0ocerivl
0098¢CLvL
00S8¢CLvL
0008CLvL
00G/¢Lvl
0oeLcivl
00¢lcivl
0004CLvL
0099¢LvL
0059¢LvL
00€9CLvL
00SGCivl
00¢acivl
000GCLvL
00SvCLyl
0ooveivl
00secivl
000€CivL
0oe6cclvl
008cclvl
0o0gecivl
0oocclvl
00§icivl
oovicivi
(I AT434"
0ooocivl
000€LLYL
00scLivi
ooveiivi
ooeclivl
ooceclivl
000¢tivl
008LLLYL

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-88



Hydrology

Chapter 2

LG
el
vle
80
8¢l

L€L
0€L
9¢l
G99
8'€9
969
Lee
L8y
3514
3514
G'/C
1£1%
v'ee
el

697
L'¥8

Lcc

€8l
(zsanm)

ealy
abeuleiq

¢00080.}
¢00080.1
¢00080.1
¢00080.1
¢00080.1
¢00080.}
¢00080.1
¢00080.1
¢00080.1
¢00080.1
¢00080.}
¢00080.1
¢00080.1
¢00080.1
¢00080.1
¢00080.1

¢00080.1
¢00080.1
¢00080.}
¢00080.1
¢00080.1
¢00080.1
¢00080.1
¢00080.}
¢00080.1
¢00080.1

000801
2000801
¢00080.1
20008041
0008041
0008041
20008041
¢00080.1
0008041
0008041
10008021
1000801
1000801
1000801
1000801
1000801
1000801
(oamo) yun
o160j01pAH

Sveeecet
vG/lceel
oesLect
gGevect
ovieeet
Sv9ceet
aveeecet
oceeeet
gleeect
9v0cecl
oogecect
gleLeet
oeLLeel
oeglect
gesLect
oveleet
oesLect
goclLeel
1441%44"
G0v0ccl
oclieel
svoLeet
oclieel
1G00¢ccL
1c¢eocel
LG6GLCL
0ceslicl
¥200ccl
¥G00ccCL
oleocel
cleocel
0oeslicl
8evsicl
ovvsicl
ocLsicl
oclsiel
ocosiel
0GLsSiel
olesiel
€G68¢cecl
0sseeet
eveeect
Lg6¢ecl
celeecet
ov9cect
9loveel
(se@a1baq)
apnjibuo

9€8YSY
€L0GSY
0065y
GCeasy
¥GS9G6SY
1472114
10/GSY
LC/LGSY
€C.LSSY
82009¥
0G.GSY
0€9G6SY
90€09¥
0v209¥y
0€€09¥y
0€€09¥
GEE09y
0ve09¥y
8€€09¥
G2e09vy
0S€09%
€v.09¥y
0ve09¥y
YZr09y
0€509¥%
€ev09y
0v.09%
€0409%
10¢19¥
¢0009¥
2¢0009%
8€€09Y
2¢ce09y
cLe09y
06209
0€209¥
0€209¥y
9€509¥
GG609Y
[ANA%14
Srevsy
1294 2°14
LL8YSY
LSYySy
929YSY
cr6eSYy
(se@a1baq)

apnjne

"HSVM ‘ANNOYDITLLYE ¥N HIAIY SIMITHHOL 1SV3
"HSVM ‘NOSSITH HV3AN H3AIY SIMITHMHOS LSV

VM LT0IVA ¥N H3AIY SIMITHHOL LSV3

"HSVYM ‘ANVTAOOM LV H3AIY SIMIT

"HSYM 1319V "V3N MIIFHO ¥va30

VM ‘AOGINY LV MIFHD JIHOLVIIHO

"HSVM 1318V 1V ¥3AIY SIM3T

"HSVM 71318V 1V WvA NIMYIN LV o SIM3T

'HSVM 1318V LV NIMEIN IV

'HSYM “HVYDNO0D ¥VIN MIFHD IVAT1IIdS

"HSVM ‘AOGINY VAN ¥3IAIY SIMIT

VM ‘AOGINY IN MFFHD NOANVYD

"HSVM ‘TTVA V3N HIOAEISTY FTVA

"HSYM “HVONOD 1V X33O 90d

"HSYM “HVYONOD YN HILVMIIVL Z LNV 1d ¥3IMOJ L4IMS
"HSVM “HVYONOD YV3AN H3IAIY SIMIT

"HSVM “HVONOD ¥N HILVMAVIH Z ON LNV 1dHIMOd L4IMS

"HSVYM “dVYONO0D YN FOVHTIVL | ON LNV 1d43IMOd L4IMS

"HSVYM “"VYONO0D HV3IN HIOAHISTY 14IMS

"HSVYM “dVONO0D YN HO dAVO 1V HIOAY3ASIY L4IMS

"HSVYM “"VYONO0D HVIN MIATHD 14IMS

"HSVYM “dVONO0D YN M4 LSIM AGY STTIN Z 9D 14IMS

VM HVYONO0D YN HONVY SNOSHI13d 1V 43AIY SIM3T

"HSYM “dVv9ONO0D JV3IN HLNOW 1V ¥3340 3ANId

"HSVYM “dvONO0D "VIN M3FHD INId

VM “HVYON0D ¥VAN MIFHD ¥vI10 MO139 MIFHO AAANiN

"HSVYM “dVYONO0D JVIN MIAFHD ¥v310

"HSVYM “HvONO0D YN ¥ "v3IT10 9V ¥3AIE AAdNIN

VM EVON0D ¥VIN HLNOW ¥VIAN MITFHO ¥ILYMEVI 1O

"HSVYM “dVY9ON0D ¥VIN HLNOW 1V ¥334D HLINS

"HSVYM “dVONO0D "VIN MIFHD HLINS IA0AY J3IAIE AAdNIN

"HSVYM “dvONO0D YN H3IAIY AANN gV J3AIY SIMTT

"HSVYM “"VYONO0D HVIN MIFHD ATHND

"HSVYM “"VvONO0D "V3IAN STTv4 IA0GVY MITFHD HSNY

"HSVYM ‘M1 LNOYL YN MAW FLLNG INOT MT19 40 MOoavain

VM 431N ¥VYAN HNITHO MOAVIN IA0EY M¥ITHD HSNY

"HSVYM ‘XY LNOYL UN MITHD MOAVYAN 9V MITHO HSNY

"HSVYM M1 LNOYL IN MAW NNMOOMS MOT134 Y330 919

"HSVYM ‘IMVT LNOYL ¥V3AN H3IAIE SIMIT

"HSVYM “HIANOINVA HV3IN MIFHO NOWIVS

VM ‘J1dIVdd HSNY49 "vaN Y3340 NOW1VS

"HSVM ‘J1dIVdd HSNYEG LV YYD H3IAVIM

"HSYM ‘ANNOYOITLLYE UN IMVY1 ANNOYOI1L1VE

"HSVYM ‘TIdIVdd HSNHG ¥UN HO ¥3AVIM AV 40 NONTVS

"HSYM ‘ANNOYD ITLLVE dV3IN MITHD NOWIVS

VM “HIANODNVA LV HLNOW 1V M33HD I39aAldg LNdNg
aweN uoiels

ovseeevl
00sceevl
000ccevl
0oZieevl
00§lecrl
0ooleerl
0050¢cvL
00cocevl
0000cevL
0086lcvl
00S6Lcvl
0006lLcvl
0068levl
0oeglerl
0c08lerl
0008LcvL
cl8LLevl
00.Z1evl
009.levl
86G.Lcvl
00S.Z1Levl
00LZLevl
000.levl
00691cvl
0089lcvl
00s9Lcvl
0Svolcvl
0g€9levl
0o€glerl
00¢9levl
0oLolevl
0009LcvL
00SGLcvl
000Slevl
00svicrl
(0f44%474"
ooovicvl
00s€levl
oocelevl
oooclerl
0osclevl
oovcievl
0seclevt
ooeclerl
oooclevl
€o6licrl

ai-8us

Page 2-89

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

0€0l
81l
ooy

Lce
8Y'L
€99
0S¢
G¢'S
L'EL
6¢°¢C
(37"
L'LS

0§
8¢y
€¢ee
60l
Syl
18°€
40
ceh
18¢
§'9¢
c6l
c6l
G0l
G99
LOb
90}
[4v4

861
611
v'.€
6C°¢
Lg'8
€ch
000vS¢
€60

(zsanm)
ealy
abeuleiq

#00080.L
G00080.L
70008011
70008011
70008041
20008041
#00080LL
0008011
70008011
70008041
G00080.L
#00080.L
0008011
0008041
#00080ZL
70008011
€00080.L
70008011
0008011
70008041
#00080.L
70008011
70008011
0008011
#00080Z1
#00080.L
#00080.L
70008011
G00080ZL
70008041
#00080.L
€00080.L
€00080ZL
€00080ZL
€00080Z1
€00080.L
€00080.L
€00080ZL
€00080ZL
€000804L
€00080.L
€00080.L
€00080ZL
€00080ZL
0008041
2000801
(oamo) yun
o160j01pAH

16S0¢ct
gleocel
ovilocel
00cslicl
ariGlclL
gleocel
000Sslicl
8coslicl
gveelel
Z18¢lcl
2¢esocel
0c/Siel
0c/siel
00ssicl
0ocvicl
gLlelet
00/glct
ollvicl
ovsclcl
ooeclcl
olsvicl
oesylcl
Lyovicl
clgclel
80v¢Elcl
L0vElCL
ovociel
oeovicl
6vivicl
oevelct
olsclel
oviseel
LLoseel
oclseel
caevect
aleceel
geleeel
gecleeel
c¢saglect
1£%4] 744}
ococeet
1G61¢cl
oclsect
Ggeeleel
gleveet
9cseecet
(se@a1baq)
apnjibuo

€1829%
05129y
82929¥
Sv9C9v
05929
0SL29v
SvScov
8€929¥
GGvCov
G192y
Lv129%
0lcedy
1G1E9¥
0€Cce9y
0EveE9y
0€Cedy
0S1LE9Y
0SvE9Y
02se9y
005€9¥
0€0v9¥
0leyovy
LY9E9¥Y
8V.E9Y
LYSEIY
L¥SE9Y
0€8€9Y
8Lyyoy
12Sv9¥
050791
0€0v9¥
0c¥09¥y
05209¥
0Lc09¥y
¢01L09%
€0209¥
G2909¥
1€909¥
Erv09¥y
L1109%
2¢809%
€€.09¥
€LL09Y
02809¥
6¢18SY
€G8YSY
(se@a1baq)

apnjne

"HSVM ‘I1ANVY YN "3AIE ZLITMOD

"HSVM ‘SOINSOM UN MITHO Z1H¥VNO

"HSVM ‘TTANVY JV3IN 40 SAOOM MO39 o SNdSID

VM ‘FT1ANVYH ¥VIN SONIES MO0 4IMOL

"HSVYM ‘T1ANVH "V3IN H3IAIY SNASIO

"HSVM ‘SOINSOD dN 4O ZL4VNO

VM ‘I1ANVH HV3IN MIFHD LIMOVIMOTTIA

VM ‘FT1ANVYH "N HO LIMNOVIMOTTIA A0V ¥3IAIE SNdSID

"HSVM ‘AO0OMMOVd UN ¥O SHIFGINVHO

"HSYM ‘AOOMMOVd N INVT LdNTYM

"HSVM ‘31ANVH ¥V3AN d SNdSIO IA08Y d ZLITMOD

"HSVM ‘I1ANVY 1V O ¥3T1IN

VM ‘I1ANVY 1V 43AIE ZLITMOD

VM ‘T1ANVY ¥V3IN MIFHO H3ANTS

"HSYM ‘AOOMMIVd dVIN M3THD NOSNHOr

"HSVYM ‘AOOMMOVd UN HO H3I0V19 19 40 NOSNHOr

"HSVM ‘SIM3T ¥V3AN ‘MHO04 1SIM M19 MFTHO NOSNHOr

"HSVM ‘AOOMMOVd UN ¥O TTVH

VM ‘SIM3T ¥VIN YIFHO ¥IOVH MHO04 HLHON

VM ‘SIM3T ¥V3AN MIFHO YIOVH

"HSVM ‘AOOMMOVd HV3AN 2'ON 9id.L MIFHD J1vAIS

"HSVM ‘AOO0OMMOVd HVIN ALVLNGIFL ¥IFHD FLWMS

"HSVM ‘AOOMMOVd 1V H3AIE ZLITMOD

"HSVM ‘AOOMMOVd dVaAN ‘HLNOW 1LV MFTFHO 3NV

"HSVYM ‘AOOMMOVd "VAN MITFHO IV

"HSVYM ‘AOOMMOVd dV3aAN IHMV1 AOOMAMIOV

"HSVM ‘SIM3T YN HLNOW 1V 40 V0D

VM ‘AOOMMOVd dV3N IMV13IN1g

VM ‘AO0OMMOVd JV3IN INVT MONS

"HSVYM ‘AOOMMOV dN HIAIY ZLITMOD M4 dv3a1o

"HSVM ‘SIM3T ¥V3N H3IAIY HSOOAdVYNVYHO

"HSVM ‘STTOHYVYD LV AYVLNGIdL H3AIE VISNN10D

"HSVYM VAV TV HV3IN HO ¥3ONIS AGY HIANAIE VNV TV

"HSVYM ‘VIAVTYM HV3IN HO NVITVLI MOT139 H3IAIE VIV IV

"HSVYM ‘VINVIVY HV3N H3IAIE VIV IV

"HSVYM 1314V 9N MO SHANINNS MO139 H YNV IV

"HSYM “"VYONO0D JV3AN ST1v4d MO39 H3AAIE VNV TV

"HSVYM “HVYONO0D "VIN MIFHO ONIIJS

"HSVYM “HVONO0D "VIN MV TIIHEIN

"HSYM “HVYONOD ¥V3AN MIFHD AHA

"HSVYM “dVY9ONO0D YN MITFHO 1ISSOA

"HSVYM “dVY9ONO0D YN o VINV IV

VM ‘VYNVIVY LV o VISWNN10D

"HSVYM “"UVONOD dV3IN ¥O 1SSO4 IA0AY H VNV IV

"HSYM ‘ANVT1AOOM dN 9I¥1 H SIM3T M4 1SV3

"HSVYM “H3INHO0D dv170d UN H SIM3T MHO4 1Sv3
aweN uoiels

ooreeerl
00ceeert
oglLeeerl
oooceerl
00sceerl
0oeceerl
0ooceert
oo6lLeerl
0oZLecrl
0.91€cvl
009lecrl
ooLieert
oooLeerl
00s0€crL
0oooecrL
00S6¢cvL
00062y
0068cevl
0008cevL
00§.¢cvl
0069¢cvL
0089¢cvL
00G9¢evl
0009¢evL
00§Gecrl
00vGeevl
000562yl
009veevl
06Gveerl
00sveevl
oooveevl
008€ccyL
0o09ceerl
0oseeerl
0ooceert
986¢ccvl
086cccvl
0.6c¢ccvl
096¢ccerl
0s6cccrl
0g6cecerl
0ceeecvl
oleceevl
6v.ccerl
00/ccevl
0Gscecrl

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-90



Hydrology

Chapter 2

AV

79l
610
0911
0SLL

0SLL
19'6
6Ll
ovolL
ool
(zsanm)
ealy
abeuleiq

G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080LL
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080.L
G00080LL
G00080.L
G00080.L
G00080.L
G00080LL
G00080.L
G00080.L
G00080.L
G00080.L
G00080LL
G00080LL
G00080.L

G00080ZL
G00080.L
G00080LL
G00080ZL
G00080ZL
G00080ZL
G00080LL
G00080LL
GL00LLZL
G00080ZL
G00080ZL
G00080.L
G00080LL
G00080ZL
G00080ZL
G00080ZL
G00080.L
(oamo) yun
o160j01pAH

leevect
oeeveet
lz8vecet
Svivect
geovect
Looveeh
oveeeet
Lv6lech
gclieel
(N IAAAS
ov.eecet
oseeeet
Leleeet
Leslect
¥060c¢CL
2se0cet
ovveeet
gyeeect
0oceeel
8v0€ccL
Sveeeet
Sveeeel
6llceet
Gecoceel
8caleel
lz9leel
ovaLeel
A2°1744"
¥G0ceel
808Lccl
oesiect
0ssLect
geslect
00zLcel
ovsiecl
oevieet
oevieet
sGlieel
Le6cect
9cecect
8cscect
geseeet
glvieel
Ggleocel
8¢90¢ccL
8290¢¢cL
(se@a1baq)
apnjibuo

L1029V
€G6619¥
vL1L9¥Y
02619¥
G2619¥
G0619¥
oveL9y
yvelov
8¢€019¥
2SGle9v
GGLeov
0€ceoy
GGeeov
12619¥
Ge029v
9LLeoy
6lccov
crieoy
0v029¥y
o619y
0LLL9Y
LLLL9Y
0v919¥
1G99V
LEGLOY
LESLIY
cesloy
451514
129L9Y
€0L19¥
GeSLoY
0€L19¥
9LL19¥Y
0€ee9y
02ve9y
02se9y
0v9€9¥y
0v6E9Y
L0ECIY
102E9¥y
102e9¥y
102e9¥y
0€L29¥y
0€0€9Y
652297
00829%
(se@a1baq)

apnjne

"HSVM ‘IXMVT H3IATIS dvaN H3AIE 3T7LNOL
"HSYMMT HIATIS UN d9 MNVE V0D LV J 3T1LNOL
"HSVYM ‘IMVT HIATS LV INVT HIATIS
"HSVYM ‘F1LNOL 1V ¥3AIE 3TLNOL MHO4 HLNOS
"HSYM ‘T1LNOL ¥VY3AN I9AIHdg ¥Y 1vH 371N0L 4 S
"HSVM ‘I1LNOL UN 2} ANVD LV H IT1LNOL 4 S
NLA MONG dLLdS UN d0 NOLONIdHIH AGv d 31LNOL 4 S
VM M1 LIYIdS 9N "0 LINJNINJdVYSIa M1 J 3TLNOL 4S
"HSYM “HVYONO0D HVIN MIFHD ONIFYdSAT10D
VM ATTIVA AIM UN AVAMI TGV 1V H3AIE ITLNOL MHO4 'N
"HSVM ‘ATTIVA AIM 1V 43AIE 31LNOL 4'N
"HSVYM ‘I1LNOL UN ¥ NITFHD
"HSVM ‘ATTIVA AIM JV3IN 4O ¥3AVIG AV d NITFHO
"HSVM ‘MY LIFIdS UN IMV1 NMVYA
"HSVYM ‘TMVT LIHIdS 9N IMVT SNNIA
"HSVYM ‘IMV1 LIYIdS YV3AN INVT NVAH
VM ‘ATTTVA AIM UN SHS 19 93AIE 3TLNOL MHO04 H1IHON
"HSVYM ‘ATTTIVA AIM ¥V3AN SYS IA09V ¥3AIE ITLNOL 4N
"HSVM ‘SN3TIH LS IV ¥ 31LNOL 4 N
VM ATTIVA AIM N HO ¥3a1vV AGY J 31LNOL 4N
WM ‘(TINNVYHO HLNOS) ¥3Mvd dAVD 8N ¥ 31LNOL 4 N
WM ‘(TANNVHO HLHON) ¥3Mve dWVO UN o 31LNOL A N
HSVYM ‘IMVT LIdIdS UN 30 Y13 MO139 d 37LNOL 4N
"HSVM ‘IXMVT LIFIdS UN "0 Y13
"HSYM M1 LI-1dS 9N L1SIM YT €O I1LSVYD M4 '0S
VM ‘SNIT13H LS INNOW HV3N IMVY1IT1LSYD
NVA S1d93d IMv1 31LSVO Xd04 HLNOS
VM TNV LIYIdS "N IXMVT IT1LSYO A9V MFFHO F1LSVYO
VMATTIVA AIM 8N "¥O dv3g ‘Agv 43AId 371N0L 4N
"HSVM M1 LIdIdS 9N "0 VLLIVHVYIN M9 d 37LNOL AN
MOO0H M13 UVAN dIAIL ITLNOL MHO0d HLHON
"HSVYM M1 LIdIdS 9N T¥YNVYD IMVT H3LVYMA 10D
"HSYM ‘M1 LIYIdS ¥N (3aIS "0S) IMV1 ¥ILVYMAT10D
VM ‘NOLHJOW 1V ¥3AIE NOLIL
"HSVYM ‘NOLHOW dN ¥ NOL1IL
"HSVYM ‘NOLHOW UN o NOL1IL 4’3
"HSVM ‘NOLHOW dV3AN d3AIE NOLTIL MH04 LSIM
"HSVYM “TVHANIN dvaN Y3AIE NOLTIL
"HSVYM MOOHASSON LV ¥3AIL ZLITMOD
"HSVYM ‘NVA XOOHASSOW MO139 "3IAIY ZLITMOD
VM MOOHASSON UN HILVMTIVL LNV 1d 4IMOd XOOHASSON
"HSVYM MOOHASSOW dV3AN IMv1 3441
VM ‘SONSOM JV3IN MITHD SHIANV]
"HSVM ‘SONSOM N dO ANIVY
VM ‘SOINSOM HV3IN H3IAIY ZLITMOD
VM ‘SONSOM ¥VIN YMIANVIS IMV]

aweN uoiels

00G¢vevl
0Svevevl
000c¢verl
00GLvevl
(143 744"
(143 7474%
Sovivevl
09vLvevl
oocivevl
{138 7474"
00LLvevl
000Lvevl
0080vevL
00L0vevl
0090vcZvL
0850vcv L
G2sovevl
0csovevl
00s0vevl
06¥0vCv L
L9¥0vevl
99v0veyL
09v0vevl
0Svoverl
Lyvy0vevl
rvovevl
Svvovevl
ovvovevl
0ovovevl
0.€0vCvL
09€0verL
cseEQveryl
LGEQYCYI
0009€crL
006G€CTL
00.G€CvL
005G€CvL
ooeseeyl
0oosecrl
olL8veerl
So8veCyL
008vECYL
00sveCyL
oooveerl
0oseecrl
o6reEey L

ai-8us

Page 2-91

WSDOT Hydraulics Manual M 23-03.03

June 2010



Chapter 2

Hydrology

61

sl
909
€09
6°6€
81'G
€Ll
v/l
8'G9
9/¢
€0¢
6¢c

0004S¢

6Ll
989
6Ll
0s€c
€6¢
961
) 244
43¢
43¢}
790

961
1ZA%
17A%
17A%
(zsanm)
ealy
abeuleiq

90008011
900080.1
90008041
90008011
900080.1
90008011
900080.1
90008041
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
€00080.1
G00080.L
G00080.L
G00080LL
€00080.1
G00080.L
€00080.1
G00080.L
G00080LL
G00080.1
G00080.L
G00080.L
G00080.L
G00080.L
G00080.1

(oamo) nun
o160j01pAH

cleovel
glogect
ggeeect
oeeeect
osleect
gegeect
6€8ceCL
PAR XA
0gecect
0e9cect
8coceet
gelieet
gleocct
geL0ect
0lL0¢ect
8vcoect
0ceoeet
1A FA A4
YALATAAN
Svesecet
avevect
oloseel
LyvSeel
0oesecl
8G/S¢¢clL
8vvSccl
8cvsecet
VXA TAA"
oclLsect
celseel
solLseel
0coseel
6cevect
leevect
leevect
(se@a1ba(q)
apnjibuo

00919%
0cLeoy
yeLCoY
1L0€29¥%
0vceoy
0€eCoy
9€€CIY
1€919¥
G051 9y
00819%
LLELIY
ovLlov
0Lclov
0S119v
Lceloy
0S€L9Y
02609¥
2¢2909¥
£1809%
1G809%
€c01L9¥y
0v.09%
¥¥809¥
1 495%14
67519
0€919¥
0L619¥Y
0L619¥
GZ619¥
2e029y
cecedy
¢0029¥
43044
€029
450414
(se@a1baq)

apnjne

HSYM 'OOVMI dvaN H3AIE VISNN10D

VM HIAIE SAVEO 1V MITFHO T1NH

HIANIE SAVED "N " SAVHO

"HSVYM “HIAIY SAVHD HVIN HIAIY SAVEO MHO4 1SAM

"HSVYM “HIAIY SAVHEO dN H SAVHD

"HSVYM “H3AIY SAVHO ¥N M4 HLNOS M19 H SAVHED

"HSVM “H3AIY SAVEO ¥N M4 HLNOS AQV H3AIE SAVHEO

"HSVYM “HIAIY SAVEO HVIN MIFHD MOHD NIr

"HSYM ‘VMYMONVYMIS HVIN MITHO MSIY

VM ‘VMYMONVYIS HVIN ¥ITHD VMYIONYIS

"HSVM ‘LINVTHLYO "VaAN H3AIE NYIWOHDO 13

VM LINVTHLYO UN MIFHO TTIN

"HSVYM ‘MIIADONOT YN dO AHLYNY3IGY

VM ‘MIIADNOT HVIN MIFHD ANVNEIO

MIAINONOT "IN MO VOO

MIAINDONOT "dN MO TVOI Md04 LSV 'AQV MO VOO

"HSVYM ‘MIIAONOT UN ANVISI §3HSIH 1V ¥ VIGWNNTOD

VM ‘MIIADNOT 1V 43AIY VIGWNNTOD

"HSVYM ‘OST13M 1V d3AIE NYINIMOD

"HSVM ‘OST13M JVAN H3IAIE NVINIMOD

HSYM‘OST3X "N MIFHD HLINS NVS AGY J3AIY NYINIMOD

VM ‘OST3X ¥vaN J3AIEY NYINIMOD

"HSVM ‘OST13M 1V ¥3AIE ZLITMOD

VM ‘0S13X JV3IN YITHO YIANVHLSO

"HSVYM ‘MO0 FTLSYD dvaN Y3TFHO ¥313NV13aA

"HSYM MO0Y TTLSYO LV H3IAIE ZLITMOD

"HSVM MO0 FTLSYO ¥UN H 3TLNOL

VM MO0 FT1LSYO UN 39AIdE 66 AVMIH 1V ¥ 311LNOL

"HSVYM ‘MO0 FTLSYD UN AYVLNGIdL ¥ 311LNOL

IMVT HIATS "IN HLNOI "IN "MO ANITO

IMVTHIAATS "N STTIH SIATIM LV MO INITO

"HSVYM ‘IXMVT HIATIS UN AVOd 4IMOL 1V ¥3AIE ITLNOL

3SN S.SNOA LNOd 4003y 'd 31LNOL IMV4

iidO0D LON-IOVHOLS AANLS ¥-d J04 d3Lsnrav 37LNoL

SALVINILSA'NOILANYT ¥IL4V SAMVYT NI S40 NI IOVHOLS
aweN uoiels

00004cvL
000LGevl
0060G¢vL
0050S¢vL
000052V L
00S6vcvL
0006verL
00c8vevl
001L8vcrl
0008vcZvL
00G.vevl
00G9vevL
0009vevL
00SGverl
0crSavevl
(a717474"
00vSvevl
0oesverl
00LGverl
000GvevL
009vvevl
00Svvevl
00cvvevl
000vverl
00S€verL
000€vCYL
00/cvevl
069¢vevl
009¢vevl
S6Screvl
c6Geverl
08Gcvevl
€LGevevl
4% r4744"
LLGeverl

ai-8us

June 2010

WSDOT Hydraulics Manual M 23-03.03

Page 2-92



USGS Regression Equations

Appendix 2-2
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Hydrology Chapter 2
Washington State Hydrology
USGS Regression Equations
Region 1 — 61 stations

SR Date

Project

Made By

Equations:
Q2yr = 0.35 X A X (MAP)'** (Standard Error = 32%)
Q 10yr = 0.502 X A*?' X (MAP)'*® (Standard Error = 33%)
Q 25yr = 0.59 X A"”' X (MAP)'* (Standard Error = 34%)
Q 50yr = 0.666 X A*”*' X (MAP)"*° (Standard Error = 36%)
Q 100yr = 0.745 X A** X (MAP)'** (Standard Error = 37%)
Legend Limits
Q = Flow(cfs)
A = Drainage Basin Area (miles %) (0.15 mile s> <A< 1,294 miles”
MAP = Mean Annual Precipitation (inches) (45.0 in < MAP <201 in)
o Return
Description of Area A MAP Q
Frequency
USGS Regression Equations — Region 1
Figure A2-2.2
(Updated March 2001)
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Chapter 2 Hydrology
Washington State Hydrology
USGS Regression Equations
Region 2 — 202 stations

SR Date

Project

Made By

Equations:
Q 2yr = 0.090 X A”*”7 X (MAP)"! (Standard Error = 56%)
Q 10yr = 0.129 X A*** X (MAP)"’ (Standard Error = 53%)
Q 25yr = 0.148 X A*** X (MAP)"” (Standard Error = 53%)
Q 50yr = 0.161 X A"** X (MAP)"*! (Standard Error = 53%)
Q 100yr = 0.174 X A”*' X (MAP)"** (Standard Error = 54%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles ) (0.08 miles s* <A< 3,020 miles”
MAP ~ Mean Annual Precipitation (inches) (23 in < MAP < 170 in)
Description of Area Frlzcelggl?cy A MAP Q
USGS Regression Equations — Region 2
Figure A2-2.3
(Updated March 2001)
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Hydrology Chapter 2
Washington State Hydrology
USGS Regression Equations
Region 3 — 63 stations
SR Date
Project
Made By
Equations:
Q 2yr = 0.817 X A**" X (MAP)"* (Standard Error = 57%)
Q 10yr = 0.845 X A”*” X (MAP)"" (Standard Error = 55%)
Q 25yr = 0.912 X A*** X (MAP)"" (Standard Error = 54%)
Q 50yr = 0.808 X A”*? X (MAP)'* (Standard Error = 54%)
Q 100yr = 0.801X A" X (MAP)"* (Standard Error = 55%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles %) (0.36 mile s* <A< 2,198 miles”

MAP ~ Mean Annual Precipitation (inches) (42 in < MAP < 132 in)

Description of Area

Return

Frequency A MAP Q

USGS Regression Equations — Region 3

Figure A2-2.4
(Updated March 2001)
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Chapter 2 Hydrology
Washington State Hydrology
USGS Regression Equations
Region 4 — 60 stations

SR Date

Project

Made By

Equations:
Q2yr = 0.025 X A”* X (MAP)"" (Standard Error = 82%)
Q 10yr = 0.179 X A"*°X (MAP)"’ (Standard Error = 84%)
Q 25yr = 0.341 X A*® X (MAP)"** (Standard Error = 87%)
Q 50yr = 0.505 X A”** X (MAP)"** (Standard Error = 90%)
Q 100yr = 0.703X A**?X (MAP)"" (Standard Error = 92%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles 2) (0.66 mile s <A< 2,220 miles”
MAP -~ Mean Annual Precipitation (inches) (12 in < MAP < 108 in)
Description of Area Return A MAP Q
Frequency
USGS Regression Equations — Region 4
Figure A2-2.5
(Updated March 2001)
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Hydrology Chapter 2
Washington State Hydrology
USGS Regression Equations
Region 5 — 19 stations

SR Date

Project

Made By

Equations:
Q 2yr = 14.7 X AP (Standard Error = 96%)
Q 10yr = 352 X A" (Standard Error = 63%)
Q 25yr = 482 X A" (Standard Error = 56%)
Q 50yr = 59.1 X A7 (Standard Error = 53%)
Q 100yr = 712 X A*" (Standard Error = 52%)
Legend Limits
Q = Flow(cfs)
A = Drainage Basin Area (miles °) (0.38 mile s* <A< 638 miles”
Description of Area Fr}:(jtluerl?cy A Q
USGS Regression Equations — Region 5
Figure A2-2.6
(Updated March 2001)
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Chapter 2 Hydrology
Washington State Hydrology
USGS Regression Equations
Region 6 — 23 stations

SR Date

Project

Made By

Equations:
Q 2yr = 2.24 X A*" X (MAP)*? (Standard Error = 63%)
Q 10yr = 17.8 X A*"'* X (MAP)** (Standard Error = 69%)
Q 25yr = 38.6 X A" X (MAP)"* (Standard Error = 72%)
Q 50yr = 63.6 X A"7" X (MAP)**" (Standard Error = 74%)
Q 100yr = 100 X A*"" X (MAP)**"! (Standard Error = 77%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles *) (0.50 mile s> <A< 1,297 miles”
MAP ™~ Mean Annual Precipitation (inches) (10 in <MAP < 116 in)
.. Return
Description of Area A MAP Q
Frequency
USGS Regression Equations — Region 6
Figure A2-2.7
(Updated March 2001)
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Hydrology Chapter 2

Washington State Hydrology
USGS Regression Equations
Region 7 — 17 stations

SR Date
Project
Made By
Equations:
Q 2yr = 8.77 X A**¥ (Standard Error = 128%)
Q 10yr = 50.9 X A7 (Standard Error = 63%)
Q 25yr = 91.6 X A*™ (Standard Error = 54%)
Q 50yr = 131 X A% (Standard Error = 53%)
Q 100yr = 179 X A% (Standard Error = 56%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles %) (0.21 mile s’< A< 2,228 miles”
Description of Area FrIe{;tltrr?cy A Q
USGS Regression Equations — Region 7
Figure A2-2.8
(Updated March 2001)
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Chapter 2 Hydrology
Washington State Hydrology
USGS Regression Equations
Region 8 — 23 stations

SR Date

Project

Made By

Equations:
Q 2yr = 12.0 X A*7! (Standard Error = 133%)
Q 10yr = 32.6 X A" (Standard Error = 111%)
Q 25yr = 46.2 X A™Y (Standard Error = 114%)
Q 50yr = 57.3 X A" (Standard Error = 119%)
Q 100yr = 69.4 X A% (Standard Error = 126%)
Legend Limits
Q = Flow (cfs)
A = Drainage Basin Area (miles %) (0.59 mile s> < A< 689 miles”
. Return
Description of Area Frequency A Q
USGS Regression Equations — Region 8
Figure A2-2.9
(Updated March 2001)
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Hydrology Chapter 2

Washington State Hydrology
USGS Regression Equations
Region 9 — 36 stations

SR Date

Project

Made By

Equations:
Q 2yr = 0.803 X A“?X (MAP)"'®  (Standard Error = 80%)
Q 10yr = 15.4 X A7X (MAP)***  (Standard Error = 57%)
Q 25yr = 41.1 X A»°X (MAP)>®  (Standard Error = 55%)
Q 50yr = 74.7 X A" X (MAP)***  (Standard Error = 55%)
Q 100yr = 126 X A*** X (MAP)** (Standard Error = 56%)
Legend Limits

Q = Flow (cfs)
A = Drainage Basin Area (miles *) (0.54 mile s* <A< 2,500 miles”

MAP = Mean Annual Precipitation (inches) (12.0 in < MAP <40.0)

Description of Area Return A MAP Q
Frequency

USGS Regression Equations — Region 9
Figure A2-2.10
(Updated March 2001)
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Isopluvial and MAP Web Links
Appendix 2-3 and Mean Annual Runoff Data

The 24-hour and 2-hour Isopluvial maps and the Mean Annual Precipitation
maps for Washington are available in pdf format through the links below or by
using ArcMap. Contact your local GIS group for how to extract precipitation
data using ArcMap.

Washington 2-hour Isopluvial Maps
Washington 24-hour Isopluvial Maps

Washington Mean Annual Precipitation Map

WSDOT Hydraulics Manual M 23-03.03 Page 2-103
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http://www.wsdot.wa.gov/publications/fulltext/Hydraulics/Wa2hrIspoluvials.pdf
http://www.wsdot.wa.gov/publications/fulltext/Hydraulics/Wa24hrIspoluvials.pdf
http://www.wsdot.wa.gov/publications/fulltext/Hydraulics/WaMeanAnnPrecip.pdf
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