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Appendix 4A. Web Links

Washington 2-hour Isopluvial Map, January 2006
“B www.wsdot.wa.gov/Design/Hydraulics/default.htm

Also available on the Environmental Workbench in ArcMap (internal WSDOT only).

“B wwwi.wsdot.wa.gov/GIS/supportteam/gis_workbench/GISWBQuickStart.pdf

Washington Mean Annual Precipitation Map
“B www.wsdot.wa.gov/Design/Hydraulics/default.htm

Also available on the Environmental Workbench in ArcMap (internal WSDOT only).

“B wwwi.wsdot.wa.gov/GIS/supportteam/gis_workbench/GISWBQuickStart.pdf

Washington 24-hour Isopluvial Maps, January 2006
8 www.wsdot.wa.gov/Design/Hydraulics/default.htm
B www.wrcc.dri.edu/CLIMATEDATA. html

MGSFlood Users Manual
Y8 www.wsdot.wa.gov/Design/Hydraulics/Training.htm

MGSFlood Training Example
“B www.wsdot.wa.gov/Design/Hydraulics/Training.htm

StormSHED
B www.wsdot.wa.gov/Design/Hydraulics/Training.htm

StormSHED Training Example
“B www.wsdot.wa.gov/Design/Hydraulics/Training.htm

Downstream Analysis
Provided in the 2006 Hydraulics Manual, Chapter 4:
“B www.wsdot.wa.gov/Design/Hydraulics/default.htm

Low-Impact Development (L1D) Modeling
Provides guidance on how to model LID.
“B www.wsdot.wa.gov/Design/Hydraulics/default.htm

Time-to-Drain Infiltration Pond and Trench Spreadsheet
“B www.wsdot.wa.gov/Design/Hydraulics/Training.htm

MGSFlood CAVFS Example
B www.wsdot.wa.qgov/Design/Hydraulics/Training.htm
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Chapter 4

Hydrologic Analysis

Table 4B-1. Hydrologic soil series for selected soils in Washington State.
Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group

Agnew C Dimal D
Ahl B Dragoon C
Aits C Dupont D
Alderwood C Earlmont C
Arents, Alderwood B Edgewick C
Arents, Everett B Eld B
Ashoe B Eloika B
Athena B Elwell B
Baldhill B Emdent D
Barneston C Esquatzel B
Baumgard B Everett A
Beausite B Everson D
Belfast C Freeman C
Bellingham D Galvin D
Bellingham variant C Garfield C
Bernhill B Garrison B
Boistfort B Getchell A
Bong A Giles B
Bonner B Glenrose B
Bow D Godfrey D
Brickel C Green Bluff B
Bridgeson D Greenwater A
Briscot D Grove C
Buckley C Hagen B
Bunker B Hardesty B
Cagey C Harstine C
Caldwell C Hartnit C
Carlsborg A Hesseltine B
Casey D Hoh B
Cassolary C Hoko C
Cathcart B Hoodsport C
Cedonia B Hoogdal C
Centralia B Hoypus A
Chehalis B Huel A
Cheney B Indianola A
Chesaw A Jonas B
Cinebar B Jumpe B
Clallam C Kalaloch C
Clayton B Kapowsin C/D
Coastal beaches variable Katula C
Cocolalla D Kilchis C
Colter C Kitsap C
Custer D Klaus C
Custer, Drained C Klone B
Dabob C Konner D
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Table 4B-1. Hydrologic soil series for selected soils in Washington State (continued).
Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group

Dearyton C Lakesol B
Delphi D Laketon C
Dick A Lance B
Larkin B Poulsbo C
Latah D Prather C
Lates C Puget D
Lebam B Puyallup B
Lummi D Queets B
Lynnwood A Quilcene C
Lystair B Ragnar B
Mal C Rainier C
Manley B Raught B
Marble A Reardan C
Mashel B Reed D
Maytown C Reed, Drained or Protected C
McKenna D Renton D
McMurray D Republic B
Melbourne B Riverwash variable
Menzel B Rober C
Mixed Alluvial variable Salal C
Molson B Salkum B
Mondovi B Sammamish D
Moscow C San Juan A
Mukilteo C/D Scamman D
Naff B Schneider B
Narcisse C Schumacher B
Nargar A Seattle D
National B Sekiu D
Neilton A Semiahmoo D
Newberg B Shalcar D
Nez Perce C Shano B
Nisqually B Shelton C
Nooksack C Si C
Norma C/D Sinclair C
Ogarty C Skipopa D
Olete C Skykomish B
Olomount C Snahopish B
Olympic B Snohomish D
Orcas D Snow B
Oridia D Solduc B
Orting D Solleks C
Oso C Spana D
Ovall C Spanaway A/B
Palouse B Speigle B
Pastik C Spokane C
Peone D Springdale A
Pheeney C Sulsavar B
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Table 4B-1. Hydrologic soil series for selected soils in Washington State (continued).

Soil Type Hydrologic Soil Group Soil Type Hydrologic Soil Group

Phelan D Sultan C
Phoebe B Sultan variant B
Pilchuck C Sumas C
Potchub C Swantown D
Tacoma D Vailton B
Tanwax D Vassar B
Tanwax, Drained C Verlot C
Tealwhit D Wapato D
Tekoa C Warden B
Tenino C Wethey C
Tisch D Whidbey C
Tokul C Wilkeson B
Townsend C Winston A
Triton D Wolfeson C
Tukwila D Woodinville B
Tukey C Yelm C
Uhlig B Zynbar B
Urbana C

Hydrologic Soil Group Classifications, as defined by the Soil Conservation Service:

A = (Low runoff potential) Soils having low runoff potential and high infiltration rates, even when thoroughly wetted.
They consist chiefly of deep, well- to excessively drained sands or gravels, and have a high rate of water transmission
(greater than 0.30 in/hr).

B = (Moderately low runoff potential) Soils having moderate infiltration rates when thoroughly wetted and consisting
chiefly of moderately deep to deep, moderately well- to well-drained soils, with moderately fine to moderately coarse
textures. These soils have a moderate rate of water transmission (0.15-0.3 in/hr).

C = (Moderately high runoff potential) Soils having low infiltration rates when thoroughly wetted and consisting chiefly of
soils with a layer that impedes downward movement of water and soils with moderately fine to fine textures. These
soils have a low rate of water transmission (0.05-0.15 in/hr).

D = (High runoff potential) Soils having high runoff potential. They have very low infiltration rates
when thoroughly wetted and consist 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 nearly impervious material.
These soils have a very low rate of water transmission (0—0.05 in/hr).

* = From SCS, TR-55, Second Edition, June 1986, Exhibit A-1. Revisions made from SCS, Soil Interpretation Record,
Form #5, September 1988 and various county soil surveys.

This information can also be found online at: & websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx
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Table 4B-2. Runoff curve numbers for selected agricultural, suburban, and rural
areas (western Washington).

CNs for hydrologic soil group

Cover Type and Hydrologic Condition A B C D

Curve Numbers for Predevelopment Conditions

Pasture, Grassland, or Range — Continuous Forage for Grazing:

Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:

Fair (woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77

Curve Numbers for Postdevelopment Conditions

Open Space (lawns, parks, golf courses, cemeteries, landscaping, etc.):!

Fair condition (grass cover on 50% to 75% of the area) 77 85 90 92
Good condition (grass cover on >75% of the area) 68 80 86 90
Impervious Areas:
Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100
Paved parking lots, roofs,” driveways, etc. (excluding right of way) 98 98 98 98
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):
Fair lawn condition (weighted average CNs) 95 96 97 97
Good lawn condition (weighted average CNs) 94 95 96 97
Paved 98 98 98 98
Gravel (including right of way) 76 85 89 91
Dirt (including right of way) 72 82 87 89
Pasture, Grassland, or Range — Continuous Forage for Grazing:
Poor condition (ground cover <50% or heavily grazed with no mulch) 68 79 86 89
Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Woods:
Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77
Single Family Residential:* Should only be used for Average percent
Dwelling Unit/Gross Acre subdivisions >50 acres impervious area™

1.0 DU/GA 15 Separate curve number

1.5 DU/GA 20 must be selected for

2.0 DU/GA 25 pervious & impervious

2.5 DU/GA 30 portions of the site or

3.0 DU/GA 34 basin

3.5 DU/GA 38

4.0 DU/GA 42

4.5 DU/GA 46

5.0 DU/GA 48

5.5 DU/GA 50

6.0 DU/GA 52

6.5 DU/GA 54

7.0 DU/GA 56

7.5 DU/GA 58
PUDs, condos, apartments, commercial businesses, % impervious Separate curve numbers must be selected for
industrial areas, and subdivisions <50 acres must be computed pervious and impervious portions of the site

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation
Service’s Technical Release No. 55 (210-VI-TR-55, Second Ed., June 1986).

' Composite CNs may be computed for other combinations of open space cover type.

2 Where roof runoff and driveway runoff are infiltrated or dispersed according to the requirements in Chapter 3, the average
percent impervious area may be adjusted in accordance with the procedure described under “Flow Credit for Roof
Downspout Infiltration” and “Flow Credit for Roof Downspout Dispersion.”

Assumes roof and driveway runoff is directed into street/storm system.
All remaining pervious area (lawn) is considered to be in good condition for these curve numbers.
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Table 4B-3. Runoff curve numbers for selected agricultural, suburban, and rural

areas (eastern Washington).

CNs for hydrologic soil group

Cover Type and Hydrologic Condition A B C D
Open Space (lawns, parks, golf courses, cemeteries, landscaping, etc.):'

Poor condition (grass cover on <50% of the area) 68 79 86 89
Fair condition (grass cover on 50% to 75% of the area) 49 69 79 84
Good condition (grass cover on >75% of the area) 39 61 74 80
Impervious Areas:

Open water bodies: lakes, wetlands, ponds, etc. 100 100 100 100
Paved parking lots, roofs, driveways, etc. (excluding right of way) 98 98 98 98
Porous Pavers and Permeable Interlocking Concrete (assumed as 85% impervious and 15% lawn):

Fair lawn condition (weighted average CNs) 95 96 97 97
Gravel (including right of way) 76 85 89 91
Dirt (including right of way) 72 82 87 89
Pasture, Grassland, or Range — Continuous Forage for Grazing:

Poor condition (ground cover <50% or heavily grazed with no mulch) 68 79 86 89
Fair condition (ground cover 50% to 75% and not heavily grazed) 49 69 79 84
Good condition (ground cover >75% and lightly or only occasionally grazed) 39 61 74 80
Cultivated Agricultural Lands:

Row Crops (good), e.g., corn, sugar beets, soy beans 64 75 82 85
Small Grain (good), e.g., wheat, barley, flax 60 72 80 84
Meadow (continuous grass, protected from grazing, and generally mowed for hay): 30 58 71 78
Brush (brush-weed-grass mixture, with brush the major element):

Poor (<50% ground cover) 48 67 77 83
Fair (50% to 75% ground cover) 35 56 70 77
Good (>75% ground cover) 30° 48 65 73
Woods-Grass Combination (orchard or tree farm):*

Poor 57 73 82 86
Fair 43 65 76 82
Good 32 58 72 79
Woods:

Poor (forest litter, small trees, and brush are destroyed by heavy grazing or regular burning) 45 66 77 83
Fair (woods are grazed but not burned, and some forest litter covers the soil) 36 60 73 79
Good (woods are protected from grazing, and litter and brush adequately cover the soil) 30 55 70 77
Herbaceous (mixture of grass, weeds, and low-growing brush, with brush the minor element):*

Poor (<30% ground cover) 80 87 93
Fair (30% to 70% ground cover) 71 81 89
Good (>70% ground cover) 62 74 85
Sagebrush With Grass Understory:*

Poor (<30% ground cover) 67 80 85
Fair (30% to 70% ground cover) 51 63 70
Good (>70% ground cover) 35 47 55

For a more detailed and complete description of land use curve numbers, refer to Chapter Two (2) of the Soil Conservation

Service’s Technical Release No. 55 (210-VI-TR-55, Second Ed., June 1986).

' Composite CNs may be computed for other combinations of open space cover type.

2 Actual curve number is less than 30; use CN = 30 for runoff computations.
3
may be computed from the CNs for woods and pasture.

Curve numbers have not been developed for Group A soils.

CNs shown were computed for areas with 50% woods and 50% grass (pasture) cover. Other combinations of conditions
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Table 4B-4. Curve number conversions for different antecedent moisture conditions

(case la=0.29S).

CN CN CN CN CN CN
for AMC I for AMC | for AMC Il for AMC 11 for AMC | for AMC 111
100 100 100 76 58 89
99 97 100 75 57 88
98 94 99 74 55 88
97 91 99 73 54 87
96 89 99 72 53 86
95 87 98 71 52 86
94 85 98 70 51 85
93 83 98 69 50 84
92 81 97 68 48 84
91 80 97 67 47 83
90 78 96 66 46 82
89 76 96 65 45 82
88 75 95 64 44 81
87 73 95 63 43 80
86 72 94 62 42 79
85 70 94 61 41 78
84 68 93 60 40 78
83 67 93 59 39 78
82 66 92 58 38 76
81 64 92 57 37 75
80 63 91 56 36 75
79 62 91 55 35 74
78 60 90 54 34 73
77 59 89 50 31 70

Source: SCS-NEH4. Table 10.1.
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Chapter 4 Hydrologic Analysis

Table 4B-5. “n” and “k” values used in time calculations for hydrographs.

“ns” Sheet Flow Equation Manning’s Values (for the initial 300 ft. of travel)

Manning’s Values for sheet flow only; from Overton and Meadows 1976 (see TR-55, 1986) Ng
Smooth surfaces (concrete, asphalt, gravel, or bare, hand-packed soil) 0.011
Fallow fields or loose soil surface (no residue) 0.05
Cultivated soil with residue cover <20% 0.06
Cultivated soil with residue cover >20% 0.17
Short prairie grass and lawns 0.15
Dense grasses 0.24
Bermuda grass 0.41
Range (natural) 0.13
Woods or forest with light underbrush 0.40
Woods or forest with dense underbrush 0.80

(210-VI-TR-55, Second Ed., June 1986)

“k Values Used in Travel Time/Time of Concentration Calculations

Shallow Concentrated Flow (after the initial 300 ft. of sheet flow, R =0.1) Ks
1. Forest with heavy ground litter and meadows (n = 0.10) 3
2. Brushy ground with some trees (n = 0.060) 5
3. Fallow or minimum tillage cultivation (n = 0.040) 8
4. High grass (n = 0.035) 9
5. Short grass, pasture, and lawns (n = 0.030) 11
6. Nearly bare ground (n = 0.025) 13
7. Paved and gravel areas (n = 0.012) 27
Channel Flow (intermittent) (at the beginning of visible channels, R = 0.2) ke
1. Forested swale with heavy ground litter (n = 0.10)
2. Forested drainage course/ravine with defined channel bed (n = 0.050) 10
3. Rock-lined waterway (n = 0.035) 15
4. Grassed waterway (n = 0.030) 17
5. Earth-lined waterway (n = 0.025) 20
6. CMP pipe, uniform flow (n = 0.024) 21
7. Concrete pipe, uniform flow (0.012) 42
8. Other waterways and pipe 0.508/n
Channel Flow (continuous stream, R = 0.4) ke
9. Meandering stream with some pools (n = 0.040) 20
10. Rock-lined stream (n = 0.035) 23
11. Grass-lined stream (n = 0.030) 27
12. Other streams, manmade channels, and pipe 0.807/n
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Hydrologic Analysis Chapter 4
Table 4B-6. Values of the roughness coefficient, “n.”
Type of Channel Ma"?:,'pg S Type of Channel Ma‘r)rl:’l’gg >
and Description (Normal) and Description (Normal)
A. Constructed Channels 6. Sluggish reaches, weedy
a. Earth, straight and uniform deep pools 0.070
1. Clean, recently completed 0.018 7. Very weedy reaches, deep
2. Gravel, uniform selection, 0.025 pools, or floodways with
clean heavy stand of timber and
3. With short grass, few 0.027 underbrush 0.100
weeds b. Mountain streams, no vegetation
b. Earth, winding and sluggish in channel, banks usually steep,
1. No vegetation 0.025 trees and brush along banks
2. Grass, some weeds 0.030 submerged at high stages
3. Dense weeds or aquatic 1. Bottom: gravel, cobbles, and
plants in deep channels 0.035 few boulders 0.040
4. Earth bottom and rubble 2. Bottom: cobbles with large
sides 0.030 boulders 0.050
5. Stony bottom and weedy B-2 Flood plains
banks 0.035 a. Pasture, no brush
6. Cobble bottom and clean 1. Short grass 0.030
sides 0.040 2. High grass 0.035
c. Rock-lined b. Cultivated areas
1. Smooth and uniform 0.035 1. No crop 0.030
2. Jagged and irregular 0.040 2. Mature row crops 0.035
d. Channels not maintained, 3. Mature field crops 0.040
weeds and brush uncut c. Brush
1. Dense weeds, high as flow 1. Scattered brush, heavy
depth 0.080 weeds 0.050
2. Clean bottom, brush on 2. Light brush and trees 0.060
sides 0.050 3. Medium to dense brush 0.070
3. Same, highest stage of 4. Heavy, dense brush 0.100
flow 0.070 d. Trees
4. Dense brush, high stage 0.100 1. Dense willows, straight 0.150
B. Natural Streams 2. Cleared land with tree
B-1 Minor streams (top width at stumps, no sprouts 0.040
flood stage < 100 ft.) 3. Same as above, but with
a. Streams on plain heavy growth of sprouts 0.060
1. Clean, straight, full stage, 4. Heavy stand of timber, a few
no rifts or deep pools 0.030 downed trees, little
2. Same as above, but more undergrowth, flood stage
stones and weeds 0.035 below branches 0.100
3. Clean, winding, some 5. Same as above, but with
pools and shoals 0.040 flood stage reaching
4. Same as above, but some branches 0.120
weeds 0.040
5. Same as 4, but more stones 0.050

“Note: These “n” values are “normal” values for use in analysis of channels. For conservative design for channel capacity,
the maximum values listed in other references should be considered. For channel bank stability, the minimum values should

be considered.
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Appendix 4C.
Eastern Washington Design Storm Events

The design storms to be used in eastern Washington are based on two parameters:

. Total rainfall volume (depth in inches)

- Rainfall distribution (dimensionless)

The design storm event is specified by return period (months and/or years) and duration. The
following sections explain total rainfall depth and rainfall distribution associated with a
design storm.

All storm event hydrograph methods require the input of a rainfall distribution or design
storm hyetograph. Essentially, the design storm hyetograph is a plot of rainfall depth versus
time for a given design period and duration. It is usually presented as a dimensionless plot of
unit rainfall depth (incremental rainfall depth for each time interval divided by the total
rainfall depth) versus time.

Design storm distribution for all eastern Washington Climatic Regions — 1, 2, 3, and 4:

" Flow-Based BM Ps; The short-duration storm distribution.

= Volume-Based BMPs: The SCS Type 1A storm distribution (Regions 2 and
(3) or the regional long-duration storm (Regions 1-4).

4C-1 SCS Type Il and Type 1A Hyetographs

The Type II hyetograph is a standard SCS (NRCS) rainfall distribution that has a high
intensity peak. It has been used in eastern Washington since the 1970s and is also used
throughout much of the United States. The Type IA hyetograph is also a standard NRCS
rainfall distribution. It is applicable to western Washington and Climatic Regions 2 and 3 in
eastern Washington. These are two of four 24-hour storm distribution types commonly used
in SCS hydrograph methods.

For graphical representation of these two SCS hyetographs, see Figures 4C-1 and 4C-2.
Tabular values of these hyetographs are in Tables 4C-3 and 4C-4.

4C-2 Custom Design Storm Hyetographs

When rainfall patterns during storms were analyzed in eastern Washington (see Appendix
4A), it was concluded that the SCS Type II rainfall distribution does not match the historical
records for two storm types of interest for stormwater analyses in eastern Washington: the
short-duration thunderstorm and the long-duration winter storm.
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Short-duration thunderstorms can occur in late spring through early fall and are characterized
by high intensities for short periods of time over localized areas. These types of storms can
produce high rates of runoff and flash flooding in urban areas and are important where flood
peak discharge and/or erosion are design considerations.

Long-duration general storms can occur at any time of the year, but are more common in late
fall through winter and in late spring and early summer. General storms in eastern
Washington are characterized by sequences of storms and intervening dry periods, often
occurring over several days. Low-to-moderate intensity precipitation is typical during the
periods of storm activity. These types of events can produce floods with moderate peak
discharge and large runoff volumes. The runoff volume can be augmented by snowmelt
when precipitation falls on snow during winter and early spring storms. These types of storm
events are important where both runoff volume and peak discharge are design considerations.

When using the custom design stormes, it is necessary to note that eastern Washington has
been divided into four climatic regions to reflect the differences in storm characteristics and
the seasonality of storms. The four climatic regions are shown as follows:

© HON-RECORDING GAGE

® RECORDING GAGE
% BOTHGAGE TYPES

Region 1 — East Slopes of the Cascade Mountains

This region is comprised of mountain areas on the east slopes of the Cascade Mountains. It
is bounded on the west by the Cascade crest and generally bounded to the east by the contour
line of 16 inches mean annual precipitation.
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Region 2 — Central Basin

The Central Basin Region is comprised of the Columbia Basin and adjacent low elevation
areas in central Washington. It is generally bounded on the west by the contour line of 16
inches mean annual precipitation at the base of the east slopes of the Cascade Mountains.
The region is bounded on the north and east by the contour line of 12 inches mean annual
precipitation. Most of this region receives about 8§ inches of mean annual precipitation.
Many of the larger cities in eastern Washington are in this region, including Ellensburg,
Kennewick, Moses Lake, Pasco, Richland, Wenatchee, and Yakima.

Region 3 — Okanogan, Spokane, Palouse

This region is comprised of intermountain areas and includes areas near Okanogan, Spokane,
and the Palouse. It is bounded on the northwest by the contour line of 16 inches mean annual
precipitation at the base of the east slopes of the Cascade Mountains. It is bounded on the
south and west by the contour line of 12 inches mean annual precipitation at the eastern edge
of the Central Basin. It is bounded on the northeast by the Kettle River Range and Selkirk
Mountains at approximately the contour line of 22 inches mean annual precipitation. It is
bounded on the southeast by the Blue Mountains; also at the contour line of 22 inches mean
annual precipitation.

Region 4 — Northeastern Mountains and Blue Mountains

This region is comprised of mountain areas in the easternmost part of Washington State. It
includes portions of the Kettle River Range and Selkirk Mountains in the northeast and the
Blue Mountains in the southeast corner of eastern Washington. Mean annual precipitation
ranges from a minimum of 22 inches to over 60 inches. The western boundary of this region
is the contour line of 22 inches mean annual precipitation.

4C-3 Storm Analysis

Based on analyses of historical storms in eastern Washington, it has been concluded that the
short-duration summer thunderstorm typically generates the greatest peak discharges for
small urban watersheds. Use of short-duration thunderstorms is therefore appropriate for
designing conveyance structures and biofiltration swales. Analyses also indicate that the
long-duration winter storm typically generates the greatest runoff volume. Long-duration
design storms are therefore appropriate for designing stormwater detention and runoff
treatment facilities where runoff volume is the primary concern. The Type 1A storm
distribution is used for volume-based BMPs in Climatic Regions 2 and 3, or the regional
long-duration distribution can be used in Climatic Regions 1-4.

Based on these analyses, synthetic design storms were developed for the short-duration
thunderstorm and long-duration winter storm. The design storms were developed in a
manner that replicated temporal characteristics observed in storms from areas
climatologically similar to eastern Washington.
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u Short-Duration Storm

Short duration, high intensity, and smaller volumes characterize summer
thunderstorms. The short-duration storm was selected to be 3 hours in
duration. The storm temporal pattern is shown in Figure 4C-3 as a unit
hyetograph. Tabular values are listed in Table 4C-5. Total precipitation is
1.06 times the 2-year, 2-hour precipitation amount to derive the 2-year, 3-hour
storm. (See Table 4C-12 for further guidance.) There is one short-duration
storm for all climatic regions in eastern Washington.

. Long-Duration Storm (varies by region)

The long-duration storm varies by region and is comprised of a series of storm
events separated by a dry intervening period, occurring during a 72-hour
period of time. A sample 72-hour long-duration storm hyetograph is shown in
Figure 4C-4.

The smaller event (from 6 to 21 hours, above) is insufficient to generate the runoff that is
present when the larger precipitation commences. For that reason, it is not necessary to
directly model the smaller precipitation event. Only the larger portion (commencing at 36
hours, as shown above) is necessary to directly model.

The larger portion is similar to the 24-hour SCS Type 1A storm. For Climatic Regions 2
and 3, the SCS Type IA storm is sufficiently similar to the four regional long-duration storm
hyetographs to use directly.

0.30
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0.20 +

0.15 +

0.10

Precipitation Ratio
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0.00 -

0 15 30 45 60 75 90 105 120 135 150 165 180
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Figure4C-3. Short-duration storm unit hyetograph.
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Precipitation

Time (hours)

Figure4C-4. Samplelong-duration storm hyetograph.

Tabular values of the regional long-duration storm hyetographs are listed in Tables 4C-8 to
4C-11.

If the 24-hour SCS Type 1A storm is used for the long-duration storm, the precipitation totals
are the 24-hour amounts without adjustment. If the regional long-duration hyetographs are
used, the precipitation totals need to be adjusted as indicated for Regions 1 and 4, using
Table 4C-11.

4C-4 Antecedent Moisture Condition

Regardless whether the 24-hour SCS Type 1A or regional hyetographs are used for long-
duration storm modeling, the prior soil wetting produced by the smaller storm event (from 6
hours to 21 hours, above) that is not modeled needs to be accounted for. The amount of
antecedent precipitation can be expressed as a percentage of the total precipitation modeled,
as shown in Table 4C-3.

Curve number adjustments are to be considered, based on engineering analysis and judgment
of the antecedent precipitation, soils characteristics, and surface conditions. The Antecedent
Moisture Condition (AMC) is one basis for adjustment. Another is use of the Soil
Conservation Service county surveys that include estimates of permeability and/or infiltration
rates. Following_is an example of the AMC:
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For a 25-year Type 1A storm in Spokane (2.2"), determine whether AMC

adjustments need to be considered in the analysis. If so, take the following

steps:

1. From Table 4C-1, multiply 2.2" by 27% (Region 3), which equals

0.7". This is the amount of precipitation from the first hump of the
long-duration storm.

Table4C-1. Antecedent precipitation prior to long-duration storm.

Antecedent Precipitation as

Region # Region Name Per centage of 24-Hour SCS Type 1A
Storm Precipitation
1 East Slope Cascades 33%
2 Central Basin 19%
3 Okanogan, Spokane, Palouse 27%
4 NE & Blue Mountains 36%
Antecedent Precipitation as
eons | Regoniame Pt reend Lo
Precipitation
1 East Slope Cascades 28%
2 Central Basin 19%
3 Okanogan, Spokane, Palouse 25%
4 NE & Blue Mountains 34%
2. Next, determine whether the AMC will affect the CN values using

Table 4C-2. If the precipitation from the first storm is over 1.1 or less
than 0.5, the CN value will need to be adjusted using Appendix 4B.
CN values are generally assumed to be AMC II.

Table4C-2. Total 5-day antecedent rainfall (inches).

AMC Dormant Season Growing Season
I Less than 0.5 Less than 1.4
I 05to1.1 1.4t02.1
I Over 1.1 Over 2.1
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4C-5 Precipitation Magnitude/Frequency Analysis

The current source for precipitation magnitude/frequency estimates is NOAA Atlas II, which
is based on data collected from about 1940 through 1966, and NOAA Technical Report
Number 36, which uses data through the late 1970s. In both of these studies, precipitation
statistics were computed for each gage and used to produce point precipitation estimates at
each site. The accuracy of the estimates was strongly related to the length of record at each
site. Better estimates were obtained for more common events, with lesser accuracy for more
rare events.

NOAA published the total depth of rainfall (in tenths of an inch) for storms of 24-hour
duration and 2-, 5-, 10-, 25-, 50-, and 100-year recurrence intervals. The information is
presented in the form of "isopluvial" maps for each state. Isopluvial maps are contour maps
where the contours represent total inches of rainfall for a specific duration.

The web link to the isopluvial map for eastern Washington for the 2-year recurrence interval
for the 2-hour duration storm event is in Appendix 4A. This map is from the Dam Safety
Guidelines, Technical Note 3, Design Storm Construction, Washington State Department of
Ecology, Water Resources Program, Report 92-55G, April 1993. This map is used for
designs based on the short-duration storm.

Web links to the isopluvial maps for eastern Washington for the 2-, 10-, 25-, 50- and 100-
year recurrence interval for 24-hour duration storm events is in Appendix 4A. These are
excerpted from NOAA Atlas 2. The 24-hour isopluvial maps are used for designs based on
the long-duration storm and 24-hour storms.
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Table4C-3.  SCSType 1A storm hyetograph values.
Time Incremental | Cumulative Time Incremental | Cumulative| Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall
0.0 0.000 0.000 4.5 0.004 0.135 9.0 0.007 0.520
0.1 0.002 0.002 4.6 0.004 0.139 9.1 0.007 0.527
0.2 0.002 0.004 4.7 0.004 0.143 9.2 0.006 0.533
0.3 0.002 0.006 4.8 0.004 0.147 9.3 0.006 0.539
0.4 0.002 0.008 4.9 0.005 0.152 9.4 0.006 0.545
0.5 0.002 0.010 5.0 0.004 0.156 9.5 0.005 0.550
0.6 0.002 0.012 5.1 0.005 0.161 9.6 0.006 0.556
0.7 0.002 0.014 5.2 0.004 0.165 9.7 0.005 0.561
0.8 0.002 0.016 5.3 0.005 0.170 9.8 0.006 0.567
0.9 0.002 0.018 5.4 0.005 0.175 9.9 0.005 0.572
1.0 0.002 0.020 5.5 0.005 0.180 10.0 0.005 0.577
1.1 0.003 0.023 5.6 0.005 0.185 10.1 0.005 0.582
1.2 0.003 0.026 5.7 0.005 0.190 10.2 0.005 0.587
1.3 0.003 0.029 5.8 0.005 0.195 10.3 0.005 0.592
1.4 0.003 0.032 5.9 0.005 0.200 10.4 0.004 0.596
1.5 0.003 0.035 6.0 0.006 0.206 10.5 0.005 0.601
1.6 0.003 0.038 6.1 0.006 0.212 10.6 0.005 0.606
1.7 0.003 0.041 6.2 0.006 0.218 10.7 0.004 0.610
1.8 0.003 0.044 6.3 0.006 0.224 10.8 0.005 0.615
1.9 0.003 0.047 6.4 0.007 0.231 10.9 0.005 0.620
2.0 0.003 0.050 6.5 0.006 0.237 11.0 0.004 0.624
2.1 0.003 0.053 6.6 0.006 0.243 11.1 0.004 0.628
2.2 0.003 0.056 6.7 0.006 0.249 11.2 0.005 0.633
2.3 0.004 0.060 6.8 0.006 0.255 11.3 0.004 0.637
2.4 0.003 0.063 6.9 0.006 0.261 11.4 0.004 0.641
2.5 0.003 0.066 7.0 0.007 0.268 11.5 0.004 0.645
2.6 0.003 0.069 7.1 0.007 0.275 11.6 0.004 0.649
2.7 0.003 0.072 7.2 0.008 0.283 11.7 0.004 0.653
2.8 0.004 0.076 7.3 0.008 0.291 11.8 0.004 0.657
2.9 0.003 0.079 7.4 0.009 0.300 11.9 0.003 0.660
3.0 0.003 0.082 7.5 0.010 0.310 12.0 0.004 0.664
3.1 0.003 0.085 7.6 0.021 0.331 12.1 0.004 0.668
3.2 0.003 0.088 7.7 0.024 0.355 12.2 0.003 0.671
3.3 0.003 0.091 7.8 0.024 0.379 12.3 0.004 0.675
34 0.004 0.095 7.9 0.024 0.403 12.4 0.004 0.679
3.5 0.003 0.098 8.0 0.022 0.425 12.5 0.004 0.683
3.6 0.003 0.101 8.1 0.014 0.439 12.6 0.004 0.687
3.7 0.004 0.105 8.2 0.013 0.452 12.7 0.003 0.690
3.8 0.004 0.109 8.3 0.010 0.462 12.8 0.004 0.694
3.9 0.003 0.112 8.4 0.010 0.472 12.9 0.003 0.697
4.0 0.004 0.116 8.5 0.008 0.480 13.0 0.004 0.701
4.1 0.004 0.120 8.6 0.009 0.489 13.1 0.004 0.705
4.2 0.003 0.123 8.7 0.009 0.498 13.2 0.003 0.708
4.3 0.004 0.127 8.8 0.007 0.505 13.3 0.004 0.712
4.4 0.004 0.131 8.9 0.008 0.513 13.4 0.004 0.716
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Table4C-3. SCSTypelA storm hyetograph values (continued).
Time Incremental | Cumulative Time Incremental | Cumulative| Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall
13.5 0.003 0.719 18.0 0.003 0.860 22.5 0.002 0.970
13.6 0.003 0.722 18.1 0.003 0.863 22.6 0.002 0.972
13.7 0.004 0.726 18.2 0.002 0.865 22.7 0.002 0.974
13.8 0.003 0.729 18.3 0.003 0.868 22.8 0.002 0.976
13.9 0.004 0.733 18.4 0.003 0.871 22.9 0.002 0.978
14.0 0.003 0.736 18.5 0.003 0.874 23.0 0.002 0.980
14.1 0.003 0.739 18.6 0.002 0.876 23.1 0.002 0.982
14.2 0.004 0.743 18.7 0.003 0.879 23.2 0.002 0.984
14.3 0.003 0.746 18.8 0.003 0.882 23.3 0.002 0.986
14.4 0.003 0.749 18.9 0.002 0.884 23.4 0.002 0.988
14.5 0.004 0.753 19.0 0.003 0.887 23.5 0.002 0.990
14.6 0.003 0.756 19.1 0.003 0.890 23.6 0.002 0.992
14.7 0.003 0.759 19.2 0.002 0.892 23.7 0.002 0.994
14.8 0.004 0.763 19.3 0.003 0.895 23.8 0.002 0.996
14.9 0.003 0.766 19.4 0.002 0.897 23.9 0.002 0.998
15.0 0.003 0.769 19.5 0.003 0.900 24.0 0.002 1.000
15.1 0.003 0.772 19.6 0.003 0.903
15.2 0.004 0.776 19.7 0.002 0.905
15.3 0.003 0.779 19.8 0.003 0.908
15.4 0.003 0.782 19.9 0.002 0.910
15.5 0.003 0.785 20.0 0.003 0.913
15.6 0.003 0.788 20.1 0.002 0.915
15.7 0.004 0.792 20.2 0.003 0.918
15.8 0.003 0.795 20.3 0.002 0.920
15.9 0.003 0.798 20.4 0.002 0.922
16.0 0.003 0.801 20.5 0.003 0.925
16.1 0.003 0.804 20.6 0.002 0.927
16.2 0.003 0.807 20.7 0.003 0.930
16.3 0.003 0.810 20.8 0.002 0.932
16.4 0.003 0.813 20.9 0.002 0.934
16.5 0.003 0.816 21.0 0.003 0.937
16.6 0.003 0.819 21.1 0.002 0.939
16.7 0.003 0.822 21.2 0.002 0.941
16.8 0.003 0.825 21.3 0.003 0.944
16.9 0.003 0.828 21.4 0.002 0.946
17.0 0.003 0.831 21.5 0.002 0.948
17.1 0.003 0.834 21.6 0.003 0.951
17.2 0.003 0.837 21.7 0.002 0.953
17.3 0.003 0.840 21.8 0.002 0.955
17.4 0.003 0.843 21.9 0.002 0.957
17.5 0.003 0.846 22.0 0.002 0.959
17.6 0.003 0.849 22.1 0.003 0.962
17.7 0.002 0.851 22.2 0.002 0.964
17.8 0.003 0.854 22.3 0.002 0.966
17.9 0.003 0.857 22.4 0.002 0.968
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Table4C-4. SCSTypell storm hyetograph values.
Time Incremental | Cumulative Time Incremental | Cumulative| Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall

0.0 0.000 0.000 4.5 0.001 0.055 9.0 0.003 0.147
0.1 0.001 0.001 4.6 0.002 0.057 9.1 0.003 0.150
0.2 0.001 0.002 4.7 0.001 0.058 9.2 0.003 0.153
0.3 0.001 0.003 4.8 0.002 0.060 9.3 0.004 0.157
0.4 0.001 0.004 4.9 0.001 0.061 9.4 0.003 0.160
0.5 0.001 0.005 5.0 0.002 0.063 9.5 0.003 0.163
0.6 0.001 0.006 5.1 0.002 0.065 9.6 0.003 0.166
0.7 0.001 0.007 5.2 0.001 0.066 9.7 0.004 0.170
0.8 0.001 0.008 5.3 0.002 0.068 9.8 0.003 0.173
0.9 0.001 0.009 5.4 0.002 0.070 9.9 0.004 0.177
1.0 0.002 0.011 5.5 0.001 0.071 10.0 0.004 0.181
1.1 0.001 0.012 5.6 0.002 0.073 10.1 0.004 0.185
1.2 0.001 0.013 5.7 0.002 0.075 10.2 0.004 0.189
1.3 0.001 0.014 5.8 0.001 0.076 10.3 0.005 0.194
1.4 0.001 0.015 5.9 0.002 0.078 10.4 0.005 0.199
1.5 0.001 0.016 6.0 0.002 0.080 10.5 0.005 0.204
1.6 0.001 0.017 6.1 0.002 0.082 10.6 0.005 0.209
1.7 0.001 0.018 6.2 0.002 0.084 10.7 0.006 0.215
1.8 0.002 0.020 6.3 0.001 0.085 10.8 0.006 0.221
1.9 0.001 0.021 6.4 0.002 0.087 10.9 0.007 0.228
2.0 0.001 0.022 6.5 0.002 0.089 11.0 0.007 0.235
2.1 0.001 0.023 6.6 0.002 0.091 11.1 0.008 0.243
2.2 0.001 0.024 6.7 0.002 0.093 11.2 0.008 0.251
2.3 0.002 0.026 6.8 0.002 0.095 11.3 0.010 0.261
2.4 0.001 0.027 6.9 0.002 0.097 11.4 0.010 0.271
2.5 0.001 0.028 7.0 0.002 0.099 11.5 0.012 0.283
2.6 0.001 0.029 7.1 0.002 0.101 11.6 0.024 0.307
2.7 0.002 0.031 7.2 0.002 0.103 11.7 0.047 0.354
2.8 0.001 0.032 7.3 0.002 0.105 11.8 0.077 0.431
2.9 0.001 0.033 7.4 0.002 0.107 11.9 0.137 0.568
3.0 0.002 0.035 7.5 0.002 0.109 12.0 0.095 0.663
3.1 0.001 0.036 7.6 0.002 0.111 12.1 0.019 0.682
3.2 0.001 0.037 7.7 0.002 0.113 12.2 0.017 0.699
3.3 0.001 0.038 7.8 0.003 0.116 12.3 0.014 0.713
3.4 0.002 0.040 7.9 0.002 0.118 12.4 0.012 0.725
3.5 0.001 0.041 8.0 0.002 0.120 12.5 0.010 0.735
3.6 0.001 0.042 8.1 0.002 0.122 12.6 0.008 0.743
3.7 0.002 0.044 8.2 0.003 0.125 12.7 0.008 0.751
3.8 0.001 0.045 8.3 0.002 0.127 12.8 0.008 0.759
3.9 0.002 0.047 8.4 0.003 0.130 12.9 0.007 0.766
4.0 0.001 0.048 8.5 0.002 0.132 13.0 0.006 0.772
4.1 0.001 0.049 8.6 0.003 0.135 13.1 0.006 0.778
4.2 0.002 0.051 8.7 0.003 0.138 13.2 0.006 0.784
4.3 0.001 0.052 8.8 0.003 0.141 13.3 0.005 0.789
4.4 0.002 0.054 8.9 0.003 0.144 13.4 0.005 0.794
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Table4C-4. SCSTypell storm hyetograph values (continued).
Time Incremental | Cumulative Time Incremental | Cumulative| Time Incremental | Cumulative
(0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall (0.1 hours) Rainfall Rainfall
13.5 0.005 0.799 18.0 0.002 0.921 22.5 0.001 0.983
13.6 0.005 0.804 18.1 0.002 0.923 22.6 0.001 0.984
13.7 0.004 0.808 18.2 0.002 0.925 22.7 0.001 0.985
13.8 0.004 0.812 18.3 0.001 0.926 22.8 0.001 0.986
13.9 0.004 0.816 18.4 0.002 0.928 22.9 0.002 0.988
14.0 0.004 0.820 18.5 0.002 0.930 23.0 0.001 0.989
14.1 0.004 0.824 18.6 0.001 0.931 23.1 0.001 0.990
14.2 0.003 0.827 18.7 0.002 0.933 23.2 0.001 0.991
14.3 0.004 0.831 18.8 0.002 0.935 23.3 0.001 0.992
14.4 0.003 0.834 18.9 0.001 0.936 23.4 0.001 0.993
14.5 0.004 0.838 19.0 0.002 0.938 23.5 0.001 0.994
14.6 0.003 0.841 19.1 0.001 0.939 23.6 0.002 0.996
14.7 0.003 0.844 19.2 0.002 0.941 23.7 0.001 0.997
14.8 0.003 0.847 19.3 0.001 0.942 23.8 0.001 0.998
14.9 0.003 0.850 19.4 0.002 0.944 23.9 0.001 0.999
15.0 0.004 0.854 19.5 0.001 0.945 24.0 0.001 1.000
15.1 0.002 0.856 19.6 0.002 0.947
15.2 0.003 0.859 19.7 0.001 0.948
15.3 0.003 0.862 19.8 0.001 0.949
15.4 0.003 0.865 19.9 0.002 0.951
15.5 0.003 0.868 20.0 0.001 0.952
15.6 0.002 0.870 20.1 0.001 0.953
15.7 0.003 0.873 20.2 0.002 0.955
15.8 0.002 0.875 20.3 0.001 0.956
15.9 0.003 0.878 20.4 0.001 0.957
16.0 0.002 0.880 20.5 0.001 0.958
16.1 0.002 0.882 20.6 0.002 0.960
16.2 0.003 0.885 20.7 0.001 0.961
16.3 0.002 0.887 20.8 0.001 0.962
16.4 0.002 0.889 20.9 0.002 0.964
16.5 0.002 0.891 21.0 0.001 0.965
16.6 0.002 0.893 21.1 0.001 0.966
16.7 0.002 0.895 21.2 0.001 0.967
16.8 0.003 0.898 21.3 0.001 0.968
16.9 0.002 0.900 21.4 0.002 0.970
17.0 0.002 0.902 21.5 0.001 0.971
17.1 0.002 0.904 21.6 0.001 0.972
17.2 0.002 0.906 21.7 0.001 0.973
17.3 0.002 0.908 21.8 0.002 0.975
17.4 0.002 0.910 21.9 0.001 0.976
17.5 0.002 0.912 22.0 0.001 0.977
17.6 0.002 0.914 22.1 0.001 0.978
17.7 0.001 0.915 22.2 0.001 0.979
17.8 0.002 0917 22.3 0.002 0.981
17.9 0.002 0.919 22.4 0.001 0.982
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Table 4C-5.

Short-duration storm hyetograph values: All regions.

Use 2-hour precipitation value times 1.06 to determine 3-hour total precipitation amount.

Time Time Incremental Cumulative
(minutes)| (hours) Rainfall Rainfall
0 0 0.0000 0.0000
5 0.08 0.0047 0.0047
10 0.17 0.0047 0.0094
15 0.25 0.0057 0.0151
20 0.33 0.0104 0.0255
25 0.42 0.0123 0.0378
30 0.50 0.0236 0.0614
35 0.58 0.0292 0.0906
40 0.67 0.0528 0.1434
45 0.75 0.0736 0.2170
50 0.83 0.1736 0.3906
55 0.92 0.2377 0.6283
60 1.00 0.1255 0.7538
65 1.08 0.0604 0.8142
70 1.17 0.0406 0.8548
75 1.25 0.0151 0.8699
80 1.33 0.0132 0.8831
85 1.42 0.0113 0.8944
90 1.50 0.0104 0.9048
95 1.58 0.0085 09133
100 1.67 0.0075 0.9208
105 1.75 0.0057 0.9265
110 1.83 0.0057 0.9322
115 1.92 0.0057 0.9379
120 2.00 0.0057 0.9436
125 2.08 0.0047 0.9483
130 2.17 0.0047 0.9530
135 2.25 0.0047 0.9577
140 2.33 0.0047 0.9624
145 242 0.0047 0.9671
150 2.50 0.0047 0.9718
155 2.58 0.0047 0.9765
160 2.67 0.0047 0.9812
165 2.75 0.0047 0.9859
170 2.83 0.0047 0.9906
175 2.92 0.0047 0.9953
180 3.00 0.0047 1.0000
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Table4C-6. Long-duration storm hyetograph values. Region 1 — Cascade

M ountains.

Use 24-hour precipitation value times 1.16 to determine long-duration storm precipitation

total.
Time | Incremental | Cumulative Time | Incremental | Cumulative Time | Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 14.0 0.0297 0.3905 28.0 0.0107 0.8956
0.5 0.0024 0.0024 14.5 0.0338 0.4243 28.5 0.0104 0.9060
1.0 0.0036 0.0060 15.0 0.0507 0.4750 29.0 0.0102 0.9162
1.5 0.0040 0.0101 15.5 0.0315 0.5066 29.5 0.0099 0.9261
2.0 0.0047 0.0148 16.0 0.0283 0.5349 30.0 0.0097 0.9358
2.5 0.0051 0.0199 16.5 0.0257 0.5606 30.5 0.0088 0.9446
3.0 0.0054 0.0253 17.0 0.0231 0.5837 31.0 0.0079 0.9525
3.5 0.0058 0.0311 17.5 0.0214 0.6051 31.5 0.0071 0.9596
4.0 0.0062 0.0374 18.0 0.0183 0.6234 32.0 0.0063 0.9659
4.5 0.0066 0.0439 18.5 0.0168 0.6402 32.5 0.0058 0.9717
5.0 0.0078 0.0517 19.0 0.0165 0.6566 33.0 0.0054 0.9772
5.5 0.0096 0.0614 19.5 0.0161 0.6728 335 0.0050 0.9822
6.0 0.0120 0.0733 20.0 0.0158 0.6886 34.0 0.0047 0.9869
6.5 0.0138 0.0871 20.5 0.0154 0.7040 34.5 0.0043 0.9912
7.0 0.0150 0.1022 21.0 0.0151 0.7191 35.0 0.0039 0.9950
7.5 0.0157 0.1179 21.5 0.0148 0.7339 35.5 0.0030 0.9981
8.0 0.0164 0.1343 22.0 0.0144 0.7483 36.0 0.0019 1.0000
8.5 0.0171 0.1513 22.5 0.0141 0.7623
9.0 0.0178 0.1691 23.0 0.0137 0.7761
9.5 0.0185 0.1876 23.5 0.0134 0.7894
10.0 0.0192 0.2067 24.0 0.0130 0.8025
10.5 0.0198 0.2266 24.5 0.0127 0.8151
11.0 0.0205 0.2471 25.0 0.0123 0.8275
11.5 0.0212 0.2683 25.5 0.0120 0.8395
12.0 0.0220 0.2904 26.0 0.0117 0.8512
12.5 0.0226 0.3130 26.5 0.0115 0.8627
13.0 0.0235 0.3364 27.0 0.0112 0.8739
13.5 0.0243 0.3608 27.5 0.0110 0.8849
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Table4C-7.

L ong-duration storm hyetograph values. Region 2 — Central Basin.

Use 24-hour precipitation value times 1.00 to determine long-duration storm precipitation

total.
Time | Incremental | Cumulative Time | Incremental | Cumulative Time | Incremental | Cumulative
(hours) Rainfall Rainfall (hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 9.0 0.0933 0.4852 18.0 0.0103 0.8892
0.5 0.0054 0.0054 9.5 0.0527 0.5380 18.5 0.0104 0.8996
1.0 0.0086 0.0140 10.0 0.0402 0.5782 19.0 0.0105 0.9100
1.5 0.0100 0.0240 10.5 0.0372 0.6154 19.5 0.0105 0.9205
2.0 0.0120 0.0360 11.0 0.0348 0.6502 20.0 0.0104 0.9309
2.5 0.0130 0.0490 11.5 0.0331 0.6833 20.5 0.0102 0.9412
3.0 0.0140 0.0630 12.0 0.0289 0.7122 21.0 0.0100 0.9512
3.5 0.0150 0.0780 12.5 0.0252 0.7374 21.5 0.0097 0.9609
4.0 0.0160 0.0940 13.0 0.0219 0.7593 22.0 0.0093 0.9702
4.5 0.0170 0.1110 13.5 0.0191 0.7783 22.5 0.0087 0.9789
5.0 0.0187 0.1297 14.0 0.0167 0.7950 23.0 0.0083 0.9872
5.5 0.0228 0.1525 14.5 0.0148 0.8098 23.5 0.0078 0.9950
6.0 0.0283 0.1808 15.0 0.0134 0.8232 24.0 0.0050 1.0000
6.5 0.0305 0.2113 15.5 0.0123 0.8355
7.0 0.0335 0.2448 16.0 0.0116 0.8471
7.5 0.0365 0.2813 16.5 0.0110 0.8581
8.0 0.0484 0.3297 17.0 0.0105 0.8686
8.5 0.0622 0.3919 17.5 0.0103 0.8789
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Table 4C-8.

Spokane, Palouse.

L ong-duration storm hyetograph values. Region 3 — Okanogan,

Use 24-hour precipitation value times 1.06 to determine long-duration storm precipitation

total.

Time Incremental | Cumulative Time Incremental | Cumulative

(hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 21.0 0.0131 0.8346
0.5 0.0017 0.0017 21.5 0.0130 0.8475
1.0 0.0030 0.0047 22.0 0.0128 0.8603
1.5 0.0041 0.0088 22.5 0.0126 0.8729
2.0 0.0053 0.0141 23.0 0.0123 0.8852
2.5 0.0068 0.0209 23.5 0.0120 0.8972
3.0 0.0092 0.0301 24.0 0.0116 0.9088
35 0.0108 0.0409 24.5 0.0112 0.9200
4.0 0.0126 0.0535 25.0 0.0108 0.9308
4.5 0.0132 0.0667 25.5 0.0104 0.9412
5.0 0.0139 0.0806 26.0 0.0100 0.9512
5.5 0.0147 0.0952 26.5 0.0096 0.9607
6.0 0.0154 0.1106 27.0 0.0092 0.9699
6.5 0.0162 0.1268 27.5 0.0086 0.9785
7.0 0.0169 0.1437 28.0 0.0074 0.9859
7.5 0.0177 0.1614 28.5 0.0054 0.9913
8.0 0.0184 0.1798 29.0 0.0040 0.9953
8.5 0.0192 0.1990 29.5 0.0030 0.9983
9.0 0.0228 0.2219 30.0 0.0017 1.0000
9.5 0.0238 0.2457
10.0 0.0260 0.2717
10.5 0.0282 0.2999
11.0 0.0395 0.3394
11.5 0.0564 0.3958
12.0 0.0855 0.4813
12.5 0.0451 0.5265
13.0 0.0348 0.5612
13.5 0.0335 0.5948
14.0 0.0276 0.6223
14.5 0.0199 0.6422
15.0 0.0179 0.6601
15.5 0.0158 0.6759
16.0 0.0156 0.6915
16.5 0.0154 0.7069
17.0 0.0152 0.7221
17.5 0.0150 0.7372
18.0 0.0148 0.7519
18.5 0.0145 0.7664
19.0 0.0142 0.7806
19.5 0.0139 0.7945
20.0 0.0136 0.8081
20.5 0.0133 0.8215
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Table 4C-9.

L ong-duration storm hyetograph values. Region 4 — Northeastern
Mountains and Blue Mountains.

Use 24-hour precipitation value times 1.07 to determine long-duration storm precipitation

total.

Time Incremental | Cumulative Time Incremental | Cumulative

(hours) Rainfall Rainfall (hours) Rainfall Rainfall
0.0 0.0000 0.0000 21.0 0.0132 0.8181
0.5 0.0015 0.0015 21.5 0.0131 0.8312
1.0 0.0031 0.0046 22.0 0.0129 0.8441
1.5 0.0047 0.0094 22.5 0.0129 0.8570
2.0 0.0064 0.0158 23.0 0.0128 0.8697
2.5 0.0082 0.0239 23.5 0.0127 0.8825
3.0 0.0104 0.0343 24.0 0.0127 0.8951
3.5 0.0115 0.0458 24.5 0.0126 0.9077
4.0 0.0123 0.0581 25.0 0.0124 0.9201
4.5 0.0130 0.0711 25.5 0.0121 0.9322
5.0 0.0137 0.0848 26.0 0.0116 0.9438
5.5 0.0145 0.0993 26.5 0.0109 0.9547
6.0 0.0152 0.1145 27.0 0.0101 0.9647
6.5 0.0160 0.1305 27.5 0.0090 0.9738
7.0 0.0167 0.1472 28.0 0.0077 0.9814
7.5 0.0174 0.1646 28.5 0.0061 0.9875
8.0 0.0182 0.1828 29.0 0.0051 0.9926
8.5 0.0190 0.2019 29.5 0.0045 0.9971
9.0 0.0207 0.2226 30.0 0.0029 1.0000
9.5 0.0232 0.2458
10.0 0.0260 0.2717
10.5 0.0278 0.2996
11.0 0.0399 0.3394
11.5 0.0531 0.3925
12.0 0.0796 0.4722
12.5 0.0441 0.5162
13.0 0.0329 0.5492
13.5 0.0303 0.5795
14.0 0.0291 0.6086
14.5 0.0199 0.6284
15.0 0.0166 0.6451
15.5 0.0155 0.6606
16.0 0.0153 0.6759
16.5 0.0151 0.6910
17.0 0.0149 0.7059
17.5 0.0148 0.7207
18.0 0.0146 0.7353
18.5 0.0144 0.7496
19.0 0.0142 0.7639
19.5 0.0140 0.7779

20.0 0.0137 0.7915

20.5 0.0134 0.8049
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4C-6 Precipitation Magnitude for 24-Hour and Long- and
Short-Duration Runoff Treatment Storm

The frequency of the long-duration runoff treatment storm is a 6-month recurrence interval or
twice per year return period. Unfortunately, the NOAA Atlas 2 maps require the conversion
of 2-year, 24-hour precipitation to 6-month, 24-hour precipitation.

The following equation is used to determine the 6-month precipitation:
qus = Cqu (P2yr24hr)

where: Py 1s the 24-hour precipitation (inches) for the storm recurrence
interval of 6 months; this precipitation is used with the long-duration
storm hyetograph or 24-hour SCS (NRCS) Type IA or Type II
hyetographs, depending on the design storm option selected by the
jurisdiction;

Cuwgs 15 a coefficient from Table 4C-10 for computing the 6-month, 24-hour
precipitation based on the climatic region; and

Payroane 1s the 2-year, 24-hour precipitation in Appendix 4A.
Values of the coefficient C,qs are shown in Table 4C-10 for all four regions.

Table4C-10. Coefficients Cyqs for computing 6-month, 24-hour precipitation.

Region # Region Name Cuags
1 East Slope Cascades 0.70
2 Central Basin 0.66
3 Okanogan, Spokane, Palouse 0.69
4 NE & Blue Mountains 0.70

4C-7 Precipitation Magnitude for Long-Duration Storms

Table 4C-11 provides the multipliers, by region, for the conversion of the 24-hour
precipitation to the regional long-duration storm precipitation. Using the precipitation values
from the isopluvial maps and the conversion factor in Table 4C-11, the precipitation can be
adjusted for the long-duration hyetograph. The design of volume-based BMPs requires the
regional long-duration storm in Regions 1 and 4. For Regions 2 and 4, designers can choose
either the SCS Type 1A storm distribution or the regional long-duration storm. When the
Type 1A storm distribution is used, the conversion factors in Table 4C-11 do not apply.
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Table4C-11. Conversion factor for 24-hour to regional long-duration storm

precipitation.
Region # Region Name Conversion Factor
1 East Slope Cascades 1.16
2 Central Basin 1.00
3 Okanogan, Spokane, Palouse 1.06
4 NE & Blue Mountains 1.07

The following equation is used to determine the long-duration precipitation for a selected
return period:

Pygs = Cr (PN-yr 24-hr)

where: Py is the precipitation (inches) adjusted for a selected long-duration
hyetograph;

Cr is a conversion factor from Table 4C-11, by region, for converting the 24-
hour precipitation to the regional long-duration storm precipitation; and

Pn.yr 24-nr 18 the precipitation from the isopluvial maps for N years and 24
hours, Appendix 4A.

4C-7.1 Precipitation Magnitude for Short-Duration Storms

The only mapped frequency of the short-duration storm is a 2-year, 2-hour recurrence
interval. The design of flow-based treatment BMPs using the Single Event Hydrograph
Model requires conversion of the 2-year, 2-hour precipitation to the 6-month, 2-hour
precipitation. The design of other BMPs or conveyance elements based on the short-duration
storm could also require the conversion of the 2-year, 2-hour precipitation to a different
recurrence interval.

The following equation is used to determine the 3-hour precipitation for a selected return
period:

Psds = Csds (P2yr2hr)

where: Py 1s the 3-hour precipitation (inches) for a selected return period for
the short-duration storm;

Cgas 18 a coefficient from Table 4C-12 for computing the 2-hour precipitation
for a selected return period based on the 2-year, 2-hour precipitation; and

Payione 18 the 2-year, 2-hour precipitation in Appendix 4A.

Values of the coefficient Cy4s are based on the Generalized Extreme Value (GEV)
distribution, whose distribution parameters can be expressed as a function of mean annual
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precipitation for eastern Washington. Table 4C-12 lists values of the coefficient Cyqs for

selected return periods for various magnitudes of mean annual precipitation. The web link
for an isopluvial map of mean annual precipitation is in Appendix 4A (the map can be used
to determine the mean annual precipitation for the site).

Table4C-12. Precipitation for selected return periods (Cgs).
M ean
i Annual
Region # . .. .. | 6-Month | 1-Year 2-Year | 10-Year | 25-Year | 50-Year |100-Year
Precipitation
(in.)
6-8 0.65 0.84 1.06 1.73 2.30 2.84 3.49
8-10 0.66 0.85 1.06 1.70 2.22 2.70 3.28
2 10-12 0.68 0.86 1.06 1.65 2.14 2.59 3.10
2,3 12-16 0.70 0.87 1.06 1.60 2.01 2.40 2.82
3 16-22 0.71 0.88 1.06 1.56 1.93 2.26 2.63
22-28 0.73 0.89 1.06 1.52 1.84 2.13 2.45
28-40 0.74 0.90 1.06 1.48 1.78 2.04 2.32
40-60 0.76 0.91 1.06 1.44 1.71 1.93 2.17
1,4 60-120 0.78 0.92 1.06 1.41 1.64 1.84 2.05
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