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OREGON HYDROLOGY GUIDE

FOREWORD

The Engineering Field Manual, Chapter 2, Estimating Runoff, presents a
simplified method for determining storm runoff volume and peak rate of
discharge. However, the method presented in this EFM chapter applies

to watersheds with less than 2,000 acres. A simplified method for hy-
drology determination for watersheds over 2,000 acres did not exist until
the June 1986 revision of Technical Release No. 55, Urban Hydrology for
Small Watersheds, was issued. Although the title of TR-55 implies that

it is primarily for urban hydrology, in actuality it applies to any water-
shed (urban and non-urban) within the limitations stated in the TR.

The purpose of the Oregon Hydrology Guide is to assist in applying the
simplified hydrology procedures of TR-55 for developing peak flow and
hydrograph estimates in Oregon. The guide accomplishes this by:

1. Providing instructions beyond those given in TR-55. This is done
with detailed explanation, step-by-step procedures, and example
solution. As mentioned in TR-55, the time of concentration (Tc) is -~
a critical parameter. For this reason, the guide gives considerable
emphasis to the determination of Tc. Chapters in the guide corres-
pond to the chapters of TR-55.

2. Enclosing additional maps and tables specific to Oregon. Also in-
cluded is information specific to Oregon needed to use the TR-55
computer programs.

- The Oregon Hydrology Guide is to be used in conjunction with TR-55. No
attempt was made to duplicate data already available in TR-55. For this
reason, the guide should be filed with TR-55.

The procedure for estimating runoff, in Chapter 2 of the EFM, may continue
to be used for watersheds less than 2,000 acres. Chapter 2 of the EFM,
TR-55, TR-20, and streamgage analyses are accepted procedures for obtain-
ing peak flows in Oregon.
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CHAPTER 1
INTRODUCTION

Watershed and Sub-Area Drainage Areas
Delineation

The drainage area of the watershed to be studied is outlined using a USGS
topographic map, aerial photographs, county drainage or road maps, or
other availabie map. A field observation of the terrain may be helpful
in this delineation.

Sub-Areas ,

One drainage outline is normally adequate for a watershed. Larger, or
unique, watersheds may need to be divided into sub-areas. Watersheds
which might need sub-division are: 1larger watersheds (over 2500 acres);
watersheds with two or more major branches which are very different in

- watershed slope or shape; or watersheds which have a significant pond
or swamp within the watershed.

The advantages of developing sub-areas are as follows: (1) results are
more precise, (2) basic data is more easily developed, and (3) areas con-
tributing most to the peak flow can be .identified. Disadvantages of using
sub-areas are as follows: (1) more data is required, (2) some required
data may be difficult to obtain, (3) a hydrograph must be developed in
addition to the peak flow, and (4) hydrographs may need to be routed to
obtain a composite hydrograph.

Measurement

The watershed or sub-area(s) is measured to determine its acreage. A
planimeter, a dot grid, computation by average dimensions, or an elec-
tronic measuring device may be used to measure area.

The method used to measure the sub-area, and when to use sub-areas, is
‘dependent on the precision necessary for the study. Generally, the more
precise the data collection, the more accurate the answers. Structures

in urban areas may require more intensive data collection procedures than
those in rural areas.
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CHAPTER 2
ESTIMATING RUNOFF

Runoff Curve Number Procedure

The steps to determine the Runoff Curve Number (RCN) are (see Worksheet 2):

1.

10.

Identify the soil series found in the watershed area. Use published
soil survey maps when available. If a soil map is not available,
a soil scientist will need to determine the soil series.

Determine the Hydrologic Soil Group (HSG) from the list of soils in
Appendix A of this guide, or from SCS Soils 5. Slope does not affect
the HSG of a soil series. A1l soils of one HSG, regardless of slope,
can be combined into one unit.

Determine the cover type, treatment, and hydrologic condition. Several
combinations are listed on Table 2-2 of TR-55. Pick the combination
which most closely fits the conditions in the watershed

Read the app11cab1e curve number for the cover descr1pt1on and HSG
from Table 2-2 in TR-55.

If more than one soil or cover condition occurs in the watershed, ..
determine the area in each combination of soil and cover. Area can :
be measured in either acres, square miles, or percent of the watershed.

Multiply the applicable curve number times the area.

Repeat Steps 1 through 6 for each soil-cover combination in the
watershed.

Sum the areas and the products.

Compute the weighted curve number by the equation:

cN = Jotal Product
Total Area

Round off the curve number to the nearest whole number.
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Examples

Example 2-1 - Runoff Curve Number

Develop RCN and Runoff for Watershed near Pendleton and 10-, 25-, 50-year
frequency storms.

Sub-Area 1 Data:

Soil Coyer, Treatment Acres

Walla Walla, B slope- - Fallow Bare soil 650
Walla Walla, C slope- Fallow Bare soil 40
Walla Walla, B slope- Fallow w/crop residue, poor 120
~Anderly, C slope- Fallow Bare soil 45
Walla Walla, B slope- Wheat straight row, poor 650
Walla Walla, C slope- Wheat straight row, poor 40
Walla Walla, B slope- Wheat contour w/residue, poor 120
Anderly, C slope- Wheat straight row, poor 45

~

Example 2-2 - Runoff Curve Number (RCN)

Develop RCN and Runoff for Sub-Area 2 of watershed near Pendleton for
the 10-, 25-, and 50-year frequency storms.

Sub-Area 2 Data:

Soil Cover, Treatment Acres
Walla Walla Road, gravel : 7
Anderly Road, gravel 1
Walla Walla Fallow, bare soil 345
Anderly Fallow, bare soil 30
Walla Walla Fallow, crop residence, good 275
Walla Kalla Wheat, straight row, poor 344
Anderly ] ~-Wheat, straight row, poor. 31 -
Walla Walla "~ 7 Wheet;, contour & terraced, 275 «

good . B

Walla. Walla Range, sagebrush, fair 50
Hermiston Range, sagebrush, fair 40

OR2-2
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Project
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Example 2-1

By RSW

“ocation

Uma.

- Pendleton

Circle one: Developed

Date 8-87

Checked IMU pate 8-87

1. Runoff curve number (CN)

Soil name Cover description 1/ Area Product
and CN — of
hydrologic (cover type, treatment, and o CN x area
group hydrologic condition; ~| T T [ ®acres
percent impervious; ol Y “|0ni?
unconnected/connected fmpervious 2l | 0%
‘rati ol Il
(HG APP-A) (TRo5s Tabie 223) il Ml M
B-HSG
Walla Walla | Fallow, bare soil 86 690 59340
' Fallow, crop residue cover
B-HSG cover, poor condition 85 120 10200
' Wheat, straight row, '
B- poor condition 76 630 52440
Wheat, contour, crop residue,
B~ poor condition 73 120 8760
c- Fallow, bare soil 91 45 4095
Anderly
C- Wheat, straight row, poor 84 45 3780
condition
1/ yse only onec CN source per line. (TR-55) Totals = 1710 138615
CN (wveighted) = fofal product 138,600 g1 05  yse cx = 81
total area 1710 _—
"2. Runoff ,
Storm #1 Storm #2 | Storm #3
o 10 25 50
Frequency 4 0 0 0 0 0 098 00 0 S80S D O BHO OSSN SN E NS yr
kRainfall, P (24-hour) ....!yg.ﬁﬂffp)..... in 1.3 1.5 1.6
Runoff, Q ------ R R XX 1“ .23 .32 .38

(Yse P and CN with table 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.) (TR-55)
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Worksheet 2: Runoff curve number and runoff

(Jse P and CN with table 2-1, fig. 2-1,
or eqs. 2-3 and 2-4.) (TR-55)
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Project Example 2-2 By RSW Date __8'_87__
rocation Uma--Pend]eton Checked CUM Date 8-87
Circle one:eve10ped Sub-area 2
Runoff curve number (CN)
Soil name Cover description 1/ Area Product
and CN = of
hydrologic (cover type, treatment, and o CN x area
group hydrologic condition; ~{ T T {Kacres
percent impervious; ! o O ©|0mi?
unconnected/connected impervious A 5_}? 0%
(HG APP-A) area ratio) gl B E
(TR-55 Table 2-2)
Walla Road - gravel 85 7
Walla-B Fql]ow - bare soil 86 345
::}}:-B Fallow - crop residue, good 83 215
::}}:-B Wheat, straight row, poor 76 344
:g}};_B Wheat, contour & terrace, good |70 275
_ Fallow, bare soil 91 30
Anderly-C Wheat, str. row, good 84 31
Anderly-C Road ~ gravel 89 1
Walla Walla-B -
Hermiston-B Range, sagebrush, fair 51 90
1 yse only one CN source per line. (TR-55) Totals = 1398 108497
CN (we igh:ed) - t:;iilp:::;lCt -lggggo - 77.61 . Use CN = 78
2. Runoff ‘ —
Storm i1 Storm #2 .| Storm #3
10 25 50
Frequency 0 s sserees e st OB OB RSN ROETETNSE yr
Rainfall, P (24-hour) ....(HSAPP-B) . . {n 1.3 1.5 1.6
Runoff,Q..-........................... in .16 .24 '29




CHAPTER 3
TIME OF CONCENTRATION AND TRAVEL TIME

Intensity of Investigation Considerations

The intended use of the computed peak flows will determine the amount

of effort that should be put into securing data for estimating time of
concentration (Tc). A more detailed investigation is needed where it
will be used for (a) detailed design, (b) complex/high hazard structures,
(c) important planning decisions. or (d) economic justification. Less
detail may be appropriate if it is to be used only for preliminary con-
clusions or where benefit-cost is not critical. A "minimum" detail would
include measuring the travel distance from maps or aerial photographs

and estimating average velocity from a-‘general knowledge of the condi-
tions in the area. The procedures in this chapter describe the steps
needed to do a "high" detail investigation. -

Variability of Tc and Effect Upon the Hydrograph

The time of concentration influences the shape and peak of the runoff
hydrograph. Changes in the Tc, due to changes in either the conditions

of the water course or the land use, can cause changes in the hydrograph
shape and its peak. The Tc will vary with the time of year and the condi-
tions in the watershed. A channel with a lush growth will have a slower
velocity than the same channel with dried grasses or as a bare channel.
The flow across a frozen or a saturated field would be faster than under
dry conditions. Variations in conditions can result in actual changes ‘
in Tc of 15% or more and a similar difference in peak flow.

Time of concentration is normally developed considering average flow condi-
tions for the time of year when a problem is likely to occur. Where most
of the damaging storms happen in the winter, such as in Western Oregon,

the Tc should be developed for dormant conditions. If the damaging storms
are resulting from thunderstorms, then summer conditions should be con-
sidered. Occasionally, it may be best to develop two "times of concentra-
tion" values, one for the dormant season and one for the growing season.

- Developed peak flows would be compared to determine the desired value

to use. This would also require developing two runoff curve number values.

Step Procedure

Step procedure for developing time of concentration is as follows.
Worksheet 3 in TR-55 has been prepared to aid in developing the Time of
Concentration.

1. Flow Path

The f1rst step in deve]op1ng the Tc is to determine the flow path.
This would normally be determined using a topographic map or an aerial
photograph. Flow path is the path water would take as it flows from
the headwaters of the watershed to the point of interest. For Tc,
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path needed is the one that takes the longest travel time--usually
the longest travel distance. Occasionally, it is not obvious whether
a longer, moderately sloped path or a shorter, flat one would be the
proper Tc path. When this is the case, both paths may need to be
evaluated.

2. Reaches or Segments

Using the topographic map or aerial photograph, divide the flow path
into reaches or segments, each with approximately a constant slope.
Usually, reach breaks are also made where a channel starts and where
intermittent flow becomes perennial. Reach breaks may be needed where
there are major changes in channel roughness (n-value). A field exam-
ination will determine if changes in n-value are significant.

The- number of reaches picked would aso be related to the considerations
for the detail discussed above. Three to five reaches normally would

be adequate to define a small watershed. If more are needed, dividing
the watershed into two areas should be considered.

Each segment is identified as a sheet flow, shallow concentrated flow,
or open channel flow segment. The three groups are described in
Chapter 3 of TR-55. E

3. Segment Slope

When the reaches have been identified, the length (L) of the flow
path in each reach is measured. Scaling distance off the topographic
maps or photographs is usually adequate. The change in elevation

(ah) from one end of the reach to the other is also determined from
maps or by field observation. Average slope of the reach is computed
using the change in elevation divided by the length through the reach.

s = ah
L

4. Sheet Flow Segment

Sheet flow segment is described on page 3-3.0f TR-55. Develop Travel
time (Tt) for this segment using equation 3-3. Data needed are: 1land
surface description, flow length, land slope, and 2-year, 24-hour
rainfall. Rainfall is available from a map in Appendix B. The other
data is known from previous steps.

5. Shallow Concentrated Flow Segments

The segment(s) between sheet flow and a defined channel are computed
using shallow concentrated flow as described on page 3-3. The curve
for unpaved surface (figure 3-1) would normally be the condition en-
countered.

6. Open Channel Segments

The travel time (Tt) for the remaining reaches would be developed
using channel hydraulics, normally Manning's formula. This is dis-
cussed on pages 3-3 and 3-4 of TR-55.

OR3-2
(210-VI-ORHG,Sept. 1987)



- Channel hydraulics are determined as follows:

a.

Check measurement of channel length (L) for the reach. Natural
streams may have several curves and meanders, as well as overfalls
and eddies. Tendencies are, therefore, to underestimate the length
of channels and overestimate average slope through reaches.

Verify the vertical fall (h) through the reach. This can be taken
from a topo map if one is available; otherwise, an approximate
measure in the field is needed. Any overfalls should be subtracted
from the total vertical drop since they would indicate a greater
slope and, therefore, a greater velocity than actually occurs.

Recalculate the slope, as in step 3 above, if length or vertical
fall have been revised. .

s = ah
L

Estimate the average n-value for the channel in the segment con-
sidering the vegetative conditions at the time a flood might occur.
In the western portions of Oregon, most of the storms occur in
November or December. Other locations may be affected by winter
frozen soil conditions or by summer thunderstorms. The n-value
to use may be picked from Table 3-2 following. The "Guide for
Selecting Roughness coefficient 'n' Values for Channels," by Guy
B. Faskin, SCS, and "Roughness Characteristics of Natural Channels,"
USGS WSP-1849, are additional good references. If the actual
conditions are not similar to any on the table or more precision
is desired, NEH-5 Hydraulics Supplement B has a procedure to
develop a computed n-value. '

Determine approximate trapezoidal channel dimensions for the reach.
This is an average typical of the reach being computed. Measure
or estimate the average bottom width (bw), depth (d), and top
width (tw) of the channel for the reach being considered.
Calculate the flow area of the channel.

A= (d) (bwtw) :

Calculate the wetted perimeter (wp) and hydraulic radius (r).
wp = 2|(tw=bw)2+4?|*% 4
s = o ]

r=_2_
wp

Determine the travel velocity (v) using Manning's formula.
' 0.67 0.5
ve ER) T (s) [Eq 3-4]
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Table 3-2 Values of Roughness Coefficient “"n"
Open Channels '

Type of Channel and Description Minimum Maximum

Lined Channels

Concrete 0.011 0.020
‘Riprap 0.020 . 0.035
Vegetative 0.030 0.040
Excavated s
Earth, straight to winding 0.020 0.040
Earth bottom and rubble sides 0.028 . 0.035
Stony bottom and weeds on banks - 0.025 0.040
Stony, smooth to jagged 0.025 0.045
Unmaintained ~ 0.050 0.140

Natural Channels (minor streams, top width <100 ft.)

Clean, straight banks, few pools, 0.025 . 0.040
weeds or stones
Winding, some pools, weeds and stones 0.033 0.055
Winding, stony sections, some weeds 0.045 - 0.060
Sluggish reaches, weedy, deep pools 0.050 0.150
Flood Plains
Pasture 0.025 0.050
Cultivated 0.020 0.045
Brush
Scattered brush, thick weed growth 0.035 0.070
Light brush and small trees 0.035 0.080
Medium to dense brush 0.045 0.160
Trees
Dense willows, full vegetation 0.110 0.200
Cleared land, tree stumps, sprouts 0.030 0.080
Heavy growth of timber, few down, = 0.080 0.120

little undergrowth

Adapted from “Modern Sewer Design," 1980, American Iron and
Steel Institute ’

Brater & King "Handbook of Hydraulics" 6th Edition, 1970

SCS NEH-5 Hydraulics '
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i. Determine travel time for segment in hours.

Tt =L
T3600v) [Eq 3-1]

7. Summation of Segments:

Determine time of concentration for entire sub-area by adding travel
times of the segments including sheet flow and sha]]ow concentrated
flow and channel flow portions.

Field Observations

Much of the-data needed to determine the time of concentration may require
collection of information in the field. General observations are made

in the field of conditions such as the :soil-types, land cover and slopes,
materials and vegetation in the channel’, and the apparent degree of sta-
bjlity of the channel. Indications of debris flows as evidenced by deposi-
tion next to the channel and the size of deposited materials, may also be
significant.

Other information obtained in the field includes: the shape and size
of the channel (tw,bw,d), the average Manning's roughness coefficient
(n-value), and a check of the channel slope using a hand level or a
transit. These field data will be needed for all segments in each
sub-area.

Office Data Collection and Computations

Many of the steps in determining Tc can be done in the office. Higher
efficiency can be obtained by doing the map measurement and analysis in

the office before going to the field. Computation and tabulation of travel
times to develop time of concentration are office operations which normally
will follow field data collection. Use worksheet 3 to tabulate and document
time of concentration data. Tc sub-routine in the TR-55 computer program
can aid in developing the data. A HP-41C program is also available which
.does the mathematics involved in worksheet 3. Cards and program descrip-
tion are available from the State Office.
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Examples

Example 3-1 Time of Concentration

Compute Tc for sub-area 1 of watershed near Pendleton.
Sub-area 1 Data:

Segment A - Sheet flow on cultivated soil with residue cover >20%.
Length is 300 feet with 10-foot difference in elevation.

Segment B - Shallow concentrated flow in cultivated field. Length is
900 feet, elevation change is 35 feet,.

Segment C - Channel flow in vegetative draw (tall grasses) with:
average dimensions: d=1.0, bw=2.0, and tw=10.0. v

Segment D - Channel flow in winding natural channel with some weeds
and stones. Average channel dimensions are: d=4.0, bw=4.0, tw=10.0.

OR3-6
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Project Example 3-1 By

RSHW

Location Uma. - Pendleton

Checked IMU

Clrcle one:Developed ) Sub-area 1

ETIT
Date 8-87

Circle one: @ 'l't through subarea

NOTES: Space for as wmany as two segments per flow type can be used for each

worksheet.

Include a map, schematic, or description of flow segments.

Sheet flow (Applicable to T, only) Segment 1D

1., Surface description (tahle 3-1) ....J?.??)

2. Manning’s roughness coeff., n (tabhle 3-1) .o

3. Flow length, L (total L € 300 ft) seeeeeoees  ft
4. Two-yr 24-hr rafnfall, P, c.ieiucniensnnnnsn in

10/300

5. l-and alope. s ..........l.'...I........'..‘. ft/ft
- 0.007 (nL)

6. Tt 05 0.4 Compute 'l't sesees hr
- . 2‘

Shallow concentrated flow Segment ID

7. Surface description (paved or crsese

8. Flou length L ® 6 09 08 8800 00N OSO IS OEBSROOAREOREOSEOSTOTTOES ft

9. Watercourse slope, 8 ...........[....‘...... fr/ft

10. Average veloclity, V (figure 3-1) ..STB:%Q{.. ft/s

L
11. T: " 3600 V Compute Tt cesese hr
Channel flow Segment ID
12. Cross sectional flow area, 8 ceeeeseccesenscs ft2
13- “Etted pel‘lmetEl', pw e s sesresssecsctvsennse ft
14, Hydraulic radfus, v = ;5 Compute T ceceons ft
w

15. Channel 8lope, 8 ececesccscsssnencnnscnasanss fC/fC

l6. 'Manning’s roughness coeff., n gﬂ@)@?]?.?.z)

2/3 1/2
17, v = l'99 Fn ‘a Compute V seveees ft/s
18. Flow length, Lo--c--oc-oo-ocou-ooc.o....-tc fr
L .
19. Tt " 3500V Compute T, oveeens hr

20. Watershied or subarea Tc or Tt (add Tt in steps 6,

(210-VI-ORHG,Sept. 1987

A

>20%

cult.

0.17

300

1.0

.033

0.64

0.64

unp.

900

.039

3.18

0.08

0.08

C

D

6.0

28.0

10.2

14.0

.59

2.0

.010

.006

.040

.045

2.62

4.07

7500

6500

0.80

+

0.44

1.24

11, and 19) ceevnsee

)

hr

1.96
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Example 3-2, Travel Time and Time of Concentration

Compute Tc and Tt for watershed near Pendleton, Sub-area 2
Sub-area 2 data:

Travel time - .
Sub-area is downstream of sub-area 1 (see sketch). Main channel flows
through the sub-area with average dimensions: d=4 feet, bw=5.0 feet,
tw=12 feet. Channel is winding with stony sections and some weeds,
generally in good condition. Flow distance is 9000 (7000 + 2000) feet
with a 60-foot change in elevation.

Time of Concentration -

Segment A - Flow over cultivated field with high residue. Length =
300 feet, Elevation Change = 44 feet.

Segment B - Shallow concentrated f]ow in crop field. Length = 2100
feet, Elevation Change = 44 feet .

Segment C - Channel flow through ‘draw in scattered brush, heavy weeds.
Average dimensions are: d=0.6 feet, bw=2.0 feet, tw=6.8 feet. Segment
length=3500 feet and Elevation Change=70 feet.

Segment D - Flow in main channel described above with average d1mens1ons
d=4 feet, bw=5.0 feet, tw=12 feet. Length=7000 feet.

(2000

OR3-8
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wurisiieel o aime ol concentration (T) or travel time (Tt)

Project Example 3-2 By RSW Date 8-87
Location Uma.-Pendleton . Checked IMU Date 8-87
Clrcle one: Present Developed Sub-area 2

Circle one: T, @through subarea For travel time

NOTES: Space for as many as two segments per flow type can be used for each
worksheet,

Include a map, schematle, or description of flow segments.

Sheet flow (Applicable to T, only) Segment 1D

1. Surface description (table 3-1) o LTRS55) L

*
’

2. Manning’s roughness coeff., n (table 3-1) ..

3. Flow length, L (total L € 300 ft) ccovevanes ft

4, Two-yr 24-hr rainfall, Pi cetescsesesasercane in

5. Land Blope, 8 e0scc0ccsscsscsensessvsosssncee ft/ft

0.8
6. T, - 0.007 {nlL)

Compute Tt eecsea hr +

ot 0.5 0.4
E Pz 8

~

Shallow concentrated flow Segment ID

7. Surface description (paved or unpaved) .....

8. FlOU 1ength. L @ctesesseesssessseesassesssenn ft

9. Watercourse 8lOPe, B eceeecessscessccsacceaasss £L/EL

10. Average velocity, V (figure 3~1) ..STB:%%X.. fr/s

- L +
1L, 'l'c 3600 V Compute '['t ceesse hr
Channel flow . Segment 1D -
12. Cross sectional flow area, 8 seeeesecsscseee sz 34.0
13. Wetted perimeter, P, eevesseeseieocecessesss = ft | 15.6

14, Hydraulic-radiuﬁ, T = ;5 Compute T ceueves ft {2 18

w
15. Ch‘a‘nnel Blope,‘s 6o etaces s sscssesssescsas ft/ft '007

16. 'Hhhnlng’a roughness coeff., n iﬂ@ﬂ?PJ?.?:%l. -045

- 1.49 r2/3 e‘/z

17. v n

Compute V ....... ft/s 4.66

18. Flow length, L stoeececeeasossnscocnancanancs fr | 9000

- 35T 0.54 |+| -- .54
19. Te " 30 v Compute T, ...... hr
20. Watershed or subarea T, or T (add T_ in steps 6, ll, and 19) ...evus hr .54

(210-VI-ORHG,Sept. 1987)
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Worksheet 3: Time of concentration (T) or travel time (T

Project Example 3-2 By

RSW

Uma.-Pendleton

Location

Checked ICU

" Clrcle one: (Present SDeveloped Sub-area 2

Date

Date

LA
8-87

for time of concentration

Circle one: (::) T, through subarea

NOTES: Space for as many as two segments per flow type can be used for each

worksheet.

Include a map, schematic, or description of flow segments.

Sheet flow (Applicable to T, only) Segment 1D

1, Surface description (tahle 3-1) ...fJ?I&?)..

*

2. Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) «covunenne ft

4. T;O'yt 24-hr tainfall, Pz Sscsesoenssnseevos in
6/300 |

5. Land slope, B -.-o-o-cooﬁl-oct.onnrln:..--,n,;.‘.o ft/ft
_ 0.007 (a1)?®
t P 0.5 0.4
2 8

Shallow concentrated flow _ Segment ID

6. T Compute 'I‘t cevean hr

7. Surface description (paved or unpaved) .....

8. Flow length, L ccesescccrccsscssocscccscsancns ft
9. Watercourse slope, 8 ....fyt<g}99........... fe/fe
10. Average velocity, V (figure 3-1) ..STB:%%X.. ft/s
L
I1. T[ " 3600 V Compute Tt cesase hr
Channel flow Segment ID

12. Cross sectional flow area, @ eeeeesecscscase ftz

13. Wetted perimeter, p

W Ses 080000 csrss s s ft

14, Hydraulle radius, t = —1_ Compute r .coeenus fe

15. Channel slope, s .....Zb{§§QQ....{...;.;... fr/fc

16. Manning’s roughness coeff., n quJ?PJ?.gigl.

N L2/3 1/2
4
17, Vv = 1.49 rn 8 Compute V .e..e.. ft/s
18, Flow length. ft
L
16. Tt " 3e00V Compute Tt cecsas hr

20. Watershed or subarea 'l'C or Tt (add Tt in steps 6, 11, and 19) .v.vess br

- 0R3-10
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\, travel
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CHAPTER 4
GRAPHICAL PEAK DISCHARGE METHOD

The Graphical Peak Discharge.procedure is described in TR-55 Chapter 4.,
Follow the steps in worksheet 4 to obtain peak.

Examples

+
+

Example 4-1 Graphical Peak Discharge

Compute peak discharge for sub-area 1 of watershed near Pendleton for
the 10-, 25-, and 50-year storms using Graphical procedure. Use data
from Examples 2-1 and 3-1.

OR4-1
(210-VI-ORHG,Sept. 1987)



Worksheet 4: Graphical Peak Discharge method

broject Example 4-1 ny RSW Date _8_-?1_
Locat ion Uma.-Pendleton Checked ICU  pyre 8-87
Circle one: <EEEEEEE> Developed Sub-area 1
1. Data:
Drainage area ec.eeeesess AL = 2.67 mi 2 (acres/640)
Runoff curve number .... CN = 81 (From worksheet 2)
Time of concentration .. T, = 1.96 hr‘(From worksheet 3)
Rainfall distribution type = I1 (T, IA, II, III) (HG APP-8)
Pond and swamp areas spread —_—
throughout watershed .c.c.. = percent of Ay ( acres or mi? covered)
Storm #1 | Storm #2 | Storm #3
2. . Frequency Ceeeisevteceenntetrsteceraccnons yr 10 25 50
3. Rainfall, P (24-hour) .eceeeceesecacccans in 1.3 1.5 1.6
4, 1Initial abstracction, I ceeeieannniannnn, in 0.469 .469 .469
(Use CN with table 4-1.) (TR-55)
5. Compute Ia/P teeseecarcetsttttecastaane 0.36 0.31 0.29
6. Unit peak discharge, q ....cc.cu0es ceees csm/in 167 184 180
(Use T_ and Ia/P with exhibit 4= ) (TR-55)
7. Runoff, Q@ «....... seeesseasusesassacaanns in .23 .32 .38
(From worksheet 2).
8. Pond and swamp adjustment factor, F [ 1.0 1.0 1.0
(Use percent pond and swamp area
with table 4-2., Factor is 1.0 for .
.zero. percent pond and swamp area.) (TR-55)
9. Peak discharge, o eoeesenenrataaeneians cfs 103 157 193

(Where qp = quAmQFp)

OR4-2
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CHAPTER 5
TABULAR HYDROGRAPH METHOD

The Tabular Peak Hydrograph procedure is described in Chapter 5 of TR-55.
Follow the Steps on Worksheet 5a and 5b to develop peak hydrographs.

Examples

Example 5-1 Tabular Peak Hydrograph

Compute the 25-year peak discharge at the downstream end of sub-area 2
of the watershed near Pendleton. Sub-area 2 data: DA = 1400 acres,
RCN = 78. Use also data developed in Examples 2-1, 2-2, 3-1, and 3-2.

Solution:

Enter on worksheet 5a the drainage area (sq. mi.) time of concentration
(Tc) and travel time (Tt). Times are obtained from worksheet 3. List
the names of downstream subareas for each sub-area. For this example,
the flow from sub-area 1 flows through sub-area 2; therefore, travel time
summation to outlet is 0.54 hr. The rainfall, curve number, and runoff
area read from worksheet 2. Multiply the area by the runoff to get AmQ.
Initial abstraction is read directly from table 5-1 using the curve
number, and Ia/P is calculated.

Next, determine for worksheet 5b the rounded values of Tc, Tt, and Ia/P
to use in the hydrograph tables. In this example, a Tc of 2.0, an Ia/p
of .30, and a Tt of .50 are the closest tabulated values to the computed
figures. Identify the rainfall distribution for the area from the state
map in appendix B. Pendleton is in a type II storm distribution area;
therefore, exhibit 5-1I, Tabular Hydrograph, will be applicable. Select
the hydrograph times which need to be tabulated to cover the peak of each
hydrograph. Using the proper combination of Tc, Ia/P, and Tt, identify
the peak time for each sub-area. Sub-area 1 has a peak time of 14.0 hours,
.and sub-area 2 peaks at 13.6 hours. Hydrograph times of 13.0 through
14.6 were selected in this example to determine the shape of the hydro-
graph peak. For each time, read the unit discharge and multiply it by
AmQ. For example, Sub-area 1, 13.0 hour, 37 times 0.83 equals 31 cfs;
and for Sub-area 2, 13.6 hour, 185 times 0.50 equals 92 cfs.

Once all hydrographs are tabulated, sum the values for each time to get
a composite hydrograph; i.e., at time 14.0, 142 plus 80 equals 222 cfs. -

OR5-1
(210-VI-ORHG,Sept. 1987)



(£861 *1d3S*HHYO-1A-0T12)

o
o]
o
]
N

‘Worksheet 5a: Basic watershed data

- RSHW 8-87
Pro ject Example 5_1. Location Una .-Pendleton By Date
Circle one: Developed Sub-Areas 182 Frequency (yr)v 25 Checked Date
Subarea | Drainage | Time bf Travel Downstream Travel . 24=~hr Runoff Run- Inittal
name area concen- time subarea time Rain- curve off abstrac~
tration through names summation fall number tion
subarea to outlet
Ay TC 'I‘t ZTt P CN Q AmQ Ia Ia/P
mi®) | (he) (hr) (hr). (1n) (n) | (mi%-1n) | (n)
1 " 2.67 1.96 - 2 0.54 1.5 81 .32 0.83 -469 .31
2 2.19 1.85 0.54 -- - 1.5 78 .23 0.50 .564 .38
+t+ 40 t 4+ 1+ 4

t

t ot

tttt+ t 1t

From worksheet 3

From worksheet 2

From table 5-1 °

{TR-55)
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€-540

Worksheet 5h: Tabular hydrograph discharge summary

Project Examp]e 5%1 Location Uma . -Pendleton ﬁy RSW Date 8-87
Circle one: Develonped Sub-Areas 1&2 Freqdenéy (yr) 25 Checked Date
, 1/ 2/
Basic watershed data used — Select and ecnter hydrograph times in hours from exhibit SdI =
Subarea| Sub—} IT, | [ /F) 4,0 13.0 | 13.2]13.4 | 13.6|13.8 [14.0 | 14.3 | 14.6
name area to
Tc outlet 9 Discharges at selected hydrograph times g/
(hr) | (hr) (mi"=in)] = = = = = = = = = = = = = = = = = = =(cfg)e == =~ = = =~ = - - - T - === ===~
1 2.0| 0.50 | .30 0.83 31 56 86 113 | "133 | 142 | 137 120
2 2.0 - .30 0.50 58 74 84 92 85 80 66 55
Conposite hydrograph_at outlet 89 130 1?0 205 218 222 203 175

1/

=" ‘orksheet 5a.

2/

='  Enter ralnfall distribution type used. ,
Hydrograph discharge for selected times is AmQ multiplied by tabular discharge from appropriate exhibit 5. (TR-55)

Rounded as needed for use with exhibit 5. (TR-55)

(HG APP-B)



Appendix A

Hydrologic Soil Groups of the soil series used in Oregon. Use in place
of Exhibit A-1 in TR- 55

OR-A-1
(210-VI-ORHG,Sept. 1987)



HYDROLOGIC GROUPS OF THR SO0IL szates USED I[N oREaON

assas o | mEmrasvik D | Canrls c | caurew ¢ ) zoEnsowenr [
ABRRT s | etzmEr 0 | camivon € | cuLsERTSON s | zoson [
ABlOUA s | stasiow 8 | camney o | cutLTus 8 | mIGNTLAR [}
adtoua, rLoOORD c | stLamm B | CARRYBACK € | cumimy € ) miLamTIEN ]
ACANOD c | sixoLE 8 | cascaos € | curotia 8 | sLiLrsronrDe [
ACKER s ! sins 8 | cassioav € | currsn B ) omLLuM [
ADKINS 8 ! BLACHLY o | cavenat 8 | CuRANT 8 | aLmMoAs (]
ADKINS, ALKALZ € | sLacxiocx 0 | CATHERINEZ € | CuRTiN 0 ) eesis s
AOKINS, wET € | sLaLecx D} CATLOW 8 | CuaTls CrEEk 0 | EmMmaAL L]
Agarg & | sLAavomn 0 | CArADERMO c | oasmiy TS 1S ]
AggNeCY € | SBLURJSINT 8 | cemcove » | pamawooo C |} ENCINA ]
AMTANUM [ N 18 ® | CENTRAL POINT B ) oamown 0 ! enDERSEY [ ]
Acpne c ! soanprRRe € | CHamarvs 8 ] paasy c EspicorT c
ALCOT a | socxkEm . 0 | Cuamszam 8 | DARKCANYON 4 ENKO [
ALDING D | sooRLL D | CHAPMAN 8} damow 3 ENOLA B
ALGOMA 8/0; ®oaQus C | CHEHALEM € | oavey ] EPHRATA [}
ALICEL B | BOMANNOK € | cHEWaLls B | OAvaY, sanoY A Ra 3
ALONA € | BOILER € | cHmnuLPUM D | SUNSTRATUM [£ 1248 ]
ALPHA B | BONDRANCH D |} CrENOWRTHM 8 | DAxrY c ESQUATZEL L
aLs A ) BONNICK A | CHERRYHILL o, | oary [ ETELKA c
ALSEA 9 | soomEn 0 | CHESNIMNUS 8’ | oavren 0 | Evans s
ALSPAUGH € | sooTh t | engrco 0 | DAYYILLE C | raLoma [}
ALSTONY s | somavaLL o | cuevai c ! DEATMAN c ! rantz ¢
ALTHOUSE 5 | soraes o | cHitcorr o | ossEnauR € ! rammELL .
ALvoDEST D | BORNSTEDT € | eWiicorTr, sEOROCK € ! pEcAwTEL o | ramMELL, ClavEY [
AMITY 0 | sonroBEY € | susstRaTuM ! oex € ! SussTAATUM
AMMON » | sosLAND € |} EwmrIitoouln o | osraNsaAucH B )} Farva [
AKATONE D | SOULDER LAKE D | cHMIMCHALLO o | oecammg D ! FELCHER .
ANAWALT 0 )} BOULOROEK 2 | CHIsMORg 0 | oEGNER B | FELTHAM | ]
ANORALY ¢ | sowLus B | cHiTwoco 0 ] DEMLINGER 8 | FENDALL c
ANDERS c | movce © |} cnock 0 | oELEma 8 | rERNWAVEN []
ANGELPEAK s ! sozs 3 8 | cuorTIR D | DEMENY 8 ! FERNWOOD s
ANUNDE ® | sRrace € | CIRCLEBAR c |} ogron o} rEmrmetso [ ]
APPLEGATE € | srapER 0O | CLACKAMAS 0D |} oErry 0 ! FERTALINE -]
Y31 3 | sRaLLIEAM b | cLamp 0 ! pERALtE 8 ! FISHFIN []
ARONAS 8 | BRAND B | CLatsor o ! oamm c ! rivesrr [
ARRITOLA D ! BRANNAN 8 | cLawsow € | DERRINGER c | rives .
ARRON o | sRAuN € | CLiMax 0 | ouscHutes C ) rLacsTarr (]
ASCAR € | BREKNER o | CLeouareg B | DRSKAMP € ) FLaNe 4
ASCHOPF B | saickEL C | COBURG € | DESOLATION "} FLOKE ]
ASTORLA 8 ! BRIDGECREREKX € | coxmn 0 | omsTER € | roEmLIN ]
ATERON 0} SRIEOWELL ® | coleman c | perER C | rForlaNG [}
ATHENA 8 ! BRIGHTWOOD 8 | coLasTINg C | OICKERSON o | rorotce (]
ATRING s ! mRrock o} coiiram A ! oreccEr € | romoNeEYy a
AUSMUS 0 | BROCKMAN € | Concomre 0 | otLawson O ) FORONEY, WET c
AVERLAKOS -] | BROGAN » | cowpoON C | BILMAN C )} FORESTER [
[T LY ] o | srowwniag 8 | cowimy € ) oINzER 8 | FORMADER 3
AYRES 0 | BROWNSCOMSE c | cownsgr o ) DIsAasEL c | romrszEn c
BACONA 8 | BRUNCAN 0o | corsuy 8 | DIVERS 8 | PORT RmOCK <
BAKEOVEN D | BUCKCREEX € ] cooutite e | otxow 5 | rratLEY ]
SAKER c | suckers C |} CORNBLIUS € | oIxoNvILLE € | FrREEWATER ]
BALD € | sucksWor B | comnur? € | DOBNINS C | FARRZENEN »
sALDER o ! suLL Ruw B | CoTTRELL ¢ | pooes ] PFREN []
BALDOECK O | BULL RUN, MARDPAN C | COUGHANOUR € | DOGTOWN B | PRITSLAND (]
SaLORIOAR 8 | SUBSTRATUM } counrt 8 | DONMICA A | FROWMAN c
SALM 0 | BULLaRDS 8 | countnmy 0 ] DONICA, LOAMY 8 | rueco €
BANDON c § suLLY 8 | coumartroCx 8 | sumracg ' Fumy °
QANNING € | BURBANK A | coust € | OONMING D | PURY, DRALNED c
BARCAYER s | BURKL c | covsa O | OONNYBROOK o | cacey ]
BARHISKEY A ] BURLINGTON A | cowsLy € |} oowon - 8 | Garcor .0
SARKLEY C | BURNTRIVER 8 | covara c | oovw 0 )} cGamsury ]
sARLOW 8 | BUTTON 0 | CrasTAL: € | ongws s 'camoiwen a
BARNARD c | evsas O | CRACKEACREEX s |} omoval € | Gampone a
BARRON B | caLABAR D | CRACKLER 8| QUARY C | GAuLODY (]
BABHAW o | caLDER O | CRANNLER B | OUSAKELLA C ) GRARMART a
DATEMAN 8 | caLogmweoo D | CRaTER LaAKE 8 | ourr 5 ! cuiseL ]
sAvsios 0 | CALImMus 8 | Caims o | ourumr 8 | cem c
agoen 0 | caiLguss B | CROFLAND 0 | oburawoy € | GEM, STONY (]
BEONER € | CALZACOMTA o | crooxED 0 | DUMONT B ! GEPPERT c
KA N € | caMas 4 | croqule o | ourss € | ciiiseie L]
BEIAMAN 0 | CAMPCAREK C | crRowCamr 0 | ODuURKkER C | GINGER o
sELLPINE c | cawpeaLy B | crUlsEn B | mAD € | GINSER c
BENMAN € | canast o | caumg B | mAGLRCAP 8 ! cLascow [
sEnsLuY 8 | canTtaLa 8 | caumr D | mastweLL 0 | cLENEOEN []
PENTILLA € | caroka C | CrRuMP, ORAINED € | mcoia € ! cLowm 3
NOTES: TWO MYOROLOGIC SOIL GROUPS SUCH AS 8/C INDICATES THE DRAINEZD/UNOAAINED STTUATION.

MODIFPIERS SHQWN,

OR-A-2
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cosLeE
CoODLOW
GOODRICH
cooowin
COGLAWAY
cooseE Laxe
cosnEy
GRAOON
GRANOE RONDE
CRASSVAL
CRAVDOEN
GCREENLEAF
GAZENSCOMBE
GREGORY
erELL
CRIGELE
GRINDBROOK
GUEBRIN
GURDANE
CusSTIN

CWIN,
CWINLY

HACK

HACKWOODD
HAPLINGER
MAGER
HALFWAY

HALL RANCH
HANKINS
HaAPCOOD
HARANA
HARDSCRABBLE
HARLOW
HARRIMAN
HARRIMAN, WET
HARRINGTON
HARSLOW

HART

MARTIC
HATCHERY
HAZELALR
HEaOtLEY

HESO.
SUBSTRATUM
HecETA
HELMICK
MELTER
MELYETIA
HEMBRE
HEMCROSS
WENLEY
HENLINE
HEPPSIE
HERMISTON
HERSHAL
HESSLAN
nezeL

ano
HIGNCAMS
HIGHHORN
HILLSBORD
HisKey
HOBIT
HoLCaMs
HOLOERMAN
HOLLAND
HOLTLE
HOMES TAKE
HONEYGROVE

HoaOviIEw
HOOLY
MOOPAL

NOTES:

GRAYERLLY

LOAMY
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TWO HYDROLOCIC SOIL GROUPS SUCHM AS B/C

MODIFIERS SHOWN,

HYDAOLOGIC CAOUPS OF THE $0IL SERIBS USED IN OREZCON

noaes
WORES, GRAYELLY
SUSSTRATUM
HOGRNING
HOSLEY
HOT LAXE
NOUSTAKE
HUSERLY
NHUOSPETH
MUFFLING
MUKILL
NULLT
MUMMINGTON
HUNTROCK
HURWAL
HUTCHINSON
HUTSON
MNYALL
ICENE
TLLANEE
IMBLER
IHMMIG
INKLER
IRONDYKE
IRRIGON
rzee
JASON
JAVAR
JEAOME
JESSE CAMP
JETYT
Jimao
JOENEY
JORY
JORY, STONY
JOSEPHINE
JOSSET
JUMPOFP
JUNTURA
KAHLER
KAMELA
KANTD
KANUTCHAN
XAurP!
KEATING
xEEL
KENNEWICK
KENUSKY
KERBY
KERARFIELD
KETCHLY
KtESEL
KILCHIS
KiiMEAQUE
KILOWAN
KIMSERLY
KINNEY
KINTON
KINZEL
KIRX
KIRAKENDALL
KLAMATH
KLAWKHOP
KLICKER
KLICKITAT
KLISTAN
XLO0QUEM
XLOOTCHIR
KNAPKE
KNAPPA
KOEHLER
KOTIMAN
KRACKLE
KRERS
xusLt
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OEOAROCK SUBSTARATUM, REFEA TO A SPECIFIC SOIL SER{ES PHASE FOUND

[{'C1Y
KWEO
LA cranOg
\ABISH
LaBucK
LADD
LADERLY
LAOYCOMB
LAIDLAW
LAKEVYIEW
LAK]
LAMBRING
LAMONTA
LANGELLAIN
LANGLOLS
LANGAELL
LAPHAM
LAPINE
LARMINE
LASTANCE
LaTes
LATHER
LATOURELL
LAURELWOGO
LAwEN
LAYCOCK
LEGLER
LEMONEX
LEMPIRA
LERROW
LETHA
LETTIA
LICKSKILLETY
LICKSKILLET,
GRAVELLY
LINSLAW
LINT
LITHGOW
LITTLE POLE
LOBERT
tocey
Locona
Ltorrtus
LocoELL
LoLaK
LONELY
LangriDCE
LOOKINGGLASS
LoaxouT
LORELLA
LOSTBASIN
LosTINE
LOvLINE
Loza
Luce
Lucktamyre
LURNICK
MACKL YN
MADEL INE
MADAAS
MAKLAK
MALABON
MALHEUR
MALIN
MANEITA
MARACK
MARCOLA
MaNSOEN
MARTY
MASCAMP
MASET
MAUP TN
MAYGER
MCALPIN
mcsed

0 o e NN e N @ e 9 e W ONE O > P RO 0C DB ENNO NS B ON PO

N 0NN @ O 8N OO A AN P HNONNONDODND S NOC N NONHD OB N O N® O N8 O

MCCANN
McCOoln
HMCCONNEL

MCCOMNEL, PLOOODED

MCCULLY
MCCURDY
McoAOE
Mcourr
MCEWEN
MCGARR
MCCINNIS
MCKAY
MCLOUGHLIN
MeMEEN
MCMILLE
MCMULLIN
MCMURD IR
MCNULL
MCNULTY
MEDA

MEOCO
MEDFORD
MEHLHORN
MELBOUANE
MELDY

MELD
MELLOWMOON
MEMALOOSE
MENBO
MERLIN
MERSHON
METOLtUS
MIXKALO
MILBURY
MILCAN
MILLICOMA
MINAM
MINNLIECE
MOAG
MOOKIN
Moooc

moe
MOLALLA
MONDOV
MONTL1O
MOOLACK
MOREZHOUSE
MORFITY
MORNINGSTAR
MORROW
MOSIDA
MO0S10a,
MounD
MOYINA
MT. HOOO
Mues
MULKEY
MULTNOMA N
MULTORPOR
MURNEN
MURTIP
MUSTY
NAGLE
NANSENE
NATAL
NATAOY
NECANICUM
HENALEM
NEMALEM,
NEX 1A
NEKOMA
NELSCOTTY
HEPALTO
NESKROWIN
NESTUCCA
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NETARTS'
NEVADOR
NEVTANW
IIWAnhA
NEWSERC
NEWLANDS
NINEMILE
NONPARERIL
NORmAD
HMORTH POWDER
MORTNRUP
uovl
HOTUS
NouQue
NUSS
NYSSA
OAK GROVE
OAXLAND
CATMAN
OBRAY
oCHOCO
00N
OFPENBACHER
aLAl

OLD Camr
oLEX
OLIPHANT
oLorT
oLsoON
oLvic
ONEONTA
ONTXO
ONYX
OREANNA
CRENEVA
OQRFORO
[-23-1-19 3
OTWIN
OUTERKIRK
OWYHEE
oxsow
OXLEY
oxwaLL
CZAMIS
PACKARD
PALT
PALANUSH
rPaLouse
PANTHER

ARKDALE
PaRMELE
PaTio
PAULING
rPEaRsOLL
PEAVINE
peDlcO
reEL
PENGRA
PEROIN
PERNTY
PERVING
PHILOMATH
PHOENIX.
PHYS
PrERSONTE
PlLCHUCK
PILCHUEK,
pROTECTED
PILOT ROCK
PINENURST
riY
PLUSH
PoALL
rooEN
roE
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WYOROLOGIC GROUPS OF THR BOIL SERIES USED (N OREGON

sPaINGwWATER

O ®E NN MNOoONOD O OO ® WO NO N OC O N8 W & 9O P N OB

POKRAEMA 3 | samALle s C ! vema e ! weedcock
POLLARD € |} saLankpER 8 | stamrsoR 0 | venartom € |} wooDseve
POLLY [ SALEM 8 | sTawrisiLo € | vaneTa 0 | WRENTHAM
PONLINA ° SALISBURY c | srameucx o | veagooar 0 | WRIGHTMAN
POTAMUS [ ] SALISBURY, MlOM ° H STARXRY c ! vEmgas c .!' wuxst
POUJADE ] ELEVATION } STATZ D | YEAamiga o | wvgasy
POWDERR [} SALXUM 5 |} stavrom 6 ) VERNONIA 8 ] wygrta
PowsLL c SANTIAM € | stEAans o | viL o | xamapu
rowLEY [} SATURN 8 )} sreicen A ! viver € | varwax
POWWATKA c SAUM & | sTEIwRR c ! vining € | vackima
PRAG c sauvig o | srices 8 ! vietue € ) vaiLiawm:
PREACNER [ SAUVIE, PROTECTED 8 | svockEL 0 ! voars 8! vamuiLL
PuICE [] SAWTHLL € | stookmoom ¢ | voLrtage 8 !} vamsay
PRINEBYILLE [ SCAPONIA 8 | stovarirx 0 ! voNORRGREEN € | vamey
PRITCHARD [4 SCARBOMAN B ] STRAIGNT € ! voomuims € ) varoams
PRONG c SCHAMP € | srtuxaL 0 ! wagoNTIRE o |} vaoulwa
PRAOSSER 3 SCHERAARD D |} STUmGILL 0 | waMaA € |} YAQUINA, DRAINED
PROVIG c SCHRIBR " ] sumrLEY € | waMxEENA 8 | varco
PuLS ] SEARLES € | SUTHERLIN € |} wansTaL o | Yawnee
PYBURN -] SEBASTIAN o | suver o, | wantigue 8} vawkey
QUAFEND c SECREY CRESX 8 | svansEn s’ ! waiLpo o | vELiLOwSTONE
QUARTIVILLE [} sEguUNoo 8 | swaLsn 0 | WALBPORT A | Yomwma
QUARZ [4 SELMAC 0 | swaiLEsiLvER D ) WALLA wALLA s | vourixusz
QUATAMA [ SEMIANMEO D | swamT2 0 | wALLOwa ¢ | zamco
QUILLAMEBOK ] SERPENTAND 8 | svcaw A | WALLUSKI € | zimg
outLLAYUTE [ SEVENOAKS A | TANKENITCH 8 | waLvan 5 ! 2uman
QUINECY A SHANANAN B} TAKILMA B | wamic 8 ] Tumax, proTRCTRD
QUINTON 3 SHANO 8 | TaiLarus B | waANOGA 8 ] 2umwarT
QUOSATANA ° SHEPFLELN B | TALLOwWBOX € ! wansEm o ! 2wacc
RAPTON - ] SHERAR c TANDY 0 | wapavo ®© | 2vcoRre
RAIL [-] SHEVLIN € f - TarEmPaA 8 ] wAPINITIA s | vziuc
RAMO 3 SHIPPA B | TATOUCHE 8 | wamrDSORO A

RANDCONE [} SHIYIGNY 8.} TAUNTON € | wamDEN ]

RASTUS c SHOAT O | TEERTERS € | WARRENTON - o | R
RATTO c SHUKASH A ] TRLEMON D | watama .c !

RATTO, STONY o SIBANNAC 8 | TEMPLETON B | WATERBURY o}

RAZ ] SIFTON 8 | TERRABELLA o | wave [ I

REALLILS ] SILAS 8 )} TETHRICK 8 |} wauLp c

REAVIS s siLaS, GRAVELLY € | THaDaER € | wauna o !

REODBELL [} SUBSTRATUM | THATUNA ¢ | waumwa, rurl:un- e’

RECCLIFP c SILAS, WET € | THISTLEBUARN 8 ! wEsrooT c

REOMOND c s1LCox 8 | TIMBERLY » | WEOOERBUAN [ B

REDMOUNT [] stLeT2 8 | TISHAR 8 ) weLCH o
REEDBPORT 3 STLYERTON € | voLawny 8 | wastsuTTR [

REINECKE B siLviens 0 | voiks $ | wHETSTONE c

REMOTE 8 ! siMas € | rote 8 | wHITEMORSE s

RESTON 0 | simamox ® | towor € | wHITESON o

RNEA 8} sINKgnm c | ror € | WHITING s |

Ricco o | sisxiveu 8 | ToreEn 5 | wHoaRgy [
RICKREALL o |} sisumy 8 | toumnoulsry 8 ] wicktup c

RIDLEY € | sistERa A | TRAsK € | witmWerr | I
RINEARSON 8 | sxmDapOLE 0 | TREwaRNE C |} WILKINS LI

RITHER € ) sKELLOCK ® | TRussDALE € ! wiLLAKENIIR e 1

RITTRR 8 | SKINNSR | tus € | wWiILLAMETTR s |
RITZVILLE 2 ] sxiramon 8 | TuLANA, DRAINED 8 | wiLtlAMETTE, waT c !
ROBINETTE 8 | SKOOKUM € | TULANA, NONPLOODED C ! WILLANCH LI

ROBSON 0 | sxooxumHWOousE B | TuMaLo €} wiLLls e |

ROCKFORD B} sxutiguLew c | tuMtum © | wiLLowopaLe | B

ROCKLY ] SKYLINR 0 | tTumeYPIiLL 8 ! wiustany c !

Rogue [} SKYMOR e 1 rurat 8 | WINCNESTER A

rRoLOPF € | SLAYTONM o | TutulLLa € | wiNcwuck [

RONIOWA 8} stickmroex 8 | tvam C | WIND mIVER [ I

ROSEBURG 8 | smag ] uxiaw S | wWiNEMa c
RGSEHAVEN 8 | SNAKER 0 | umartng 0 | wiNaviLLE o |

ROUEN c ! samL C | UMAPINE, DRAINED € | winLO [

ROYAL o |} sNuLLBY € ! umaTILLA 8 | wiNOMm o !

RaYST € ] sNow 8 | umit b | winorze B

RUCH 8| SNOWLIN 8 | uwrcacs 0 | WINTLRY .

RUCKLES [} s008aP cC | urimy 5] wiTHaM o !

RUCLICK c SORF € | vaiey € | wiTIEL e |

nyooLRY [ SPANQENOURG € | vaisure ¢ | woLrEm s

augs [} SPANGENBUAG, B | VAN HOAN 8} woulLleENY [

AuTAR [] poNDED | vanwov € |} woLeorv s !

8AQ [] SPEAKER € | vaaco 0 | woaLveRmINE [

SAGEMILL [ SPOFPORD | vaazie 5 | woOOBURN [

MOTES: TWO HYDROLBGIC $OIL GAROUPS SUCH AS 8/C INOICATES THE DRAINED/UNORAINED SITUATION.

MOOIPIERS SHAWN,

OR-A-4

R.8., BEDROCK SUBSTRATUM,

REPER TO0 A SPRCIFPIC SOIL SERIES PHASE POUND

(210-VI-ORHG,Sept. 1987)
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Appendix B - Synthetic Rainfall Distributions and Rainfall Data Sources

Synthetic Rainfall Distributions

Storm distribution types I, IA, and II are to be used in Oregon. The
following map shows the areas where each distribution type applies.
Generally, the area from the east slopes of the Cascade Mountains to the
Pacific Ocean would use type IA distribution. Type I is used for most

of the area east of the Cascades with Type II being used in specific areas
of extreme eastern and northeastern £regon.

Rainfall Data Sources

Precipitation records are collected and maintained by NOAA. Data is
published monthly in Climatalogical Data’ (daily records) and Hourly Pre-
cipitation Data. These records are kept at the SCS State Office, at the
WNTC-WSF, with the State Climatologist in Corvallis, and at many local
libraries.

NOAA Atlas 2, Precipitation-Frequency Atlas of the Western United States,
Volume X-Oregon, contains maps of the state with various storm durations
and frequencies. The 24-hour storm duration maps have been reprinted
and are included in this appendix.

NOAA Technical Report NWS 36, Water Available for Runoff ... for Selected
Agricultural Regions in the Northwest United States, gives "combined fre-
quency of prec1p1tat1on with water available from snownelt for all or

part of 11 counties in Northeast Oregon. Maps present Water Available

for Runoff (WAR) for 1-, 5-, and 10-day durations and 2-, 10-, and 100-year
frequencies. These may be used to supplement the precipitation maps. Copies

of the NWS 36 report are available from the SCS Oregon State Conservation
Engineer.

OR-B-1
(210-VI-ORHG,Sept. 1987)
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Appendix C - Computer Program

The TR-55 computer program is set up to help guide through the input of
data and will solve the equations for computing RCN, Tc, and peak flow.
Samples of the computer output of each routine are attached. These use
the input data of the examples in this guide.

The program requests a county name as early input data. If the name
entered agrees with one on the county rainfall table in the program, the
rainfall-frequency data will be read by the program. A county rainfall
table for Oregon is in the program; however, the large counties and varied
rainfall patterns required that multiple locations in a county be identi-
fied. The following Table C-1 lists county-city combinations which are

in the program. '

~ The locations are generally in the agricultural areas of the counties.
This assumes that usually peak flows will be wanted in these areas. If
the location under study is not similar to one of the cities listed,

- rainfall data from the maps in Appendix B should be entered where needed.

The county-city entry must be entered just as it is listed for the program
to recognize the location (i.e., Clackamas-Oregon Cy). The spacing and

abbreviations need to be as listed. Upper or lower case letters are
acceptable. :

OR-C-1
(2%0-VI-0RHG.Sept. 1987)



TABLE C-1 - TR-55 COMPUTER PROGRAM COUNTY RAINFALL DATA SITES

AREA

AREA

PPN N

AREA

OR-C-2

WWwLwwLwwwwww

COUNTY-CITY

BENTON-CORVALLIS
CLACKAMAS-OREGON CY
CLACKAMAS-SANDY
CLACKAMAS-MOLLALA
CLATSOP-ASTORIA
CLATSOP-CANNON BCH
COLUMBIA-CLATSKANIE
COLUMBIA-VERNONIA
COLUMBIA-SCAPPOQSE
LANE-FLORENCE
LANE-EUGENE
LANE-JUNCTION CITY
LANE-OAKRIDGE
LINCOLN-NEWPORT
LINCOLN-LINCOLN CY

COUNTY-CITY

C00s-C00S BAY
COOS-MYRTLE POINT
CO0S-POWERS
CROOK-PRINEVILLE
CROOK-CAMP CR JCT
CURRY-GOLD BEACH
DESCHUTES-BEND
DESCHUTES-REDMOND
DOUGLAS-REEDSPORT
DOUGLAS-ELKTON
DOUGLAS-ROSEBURG

HOOD R.-CASCADE LOC.

HOOD R.-HOOD RIVER
COUNTY-CITY

BAKER-BAKER
BAKER-SUMPTER
BAKER-RICHLAND
GILLIAM-ARLINGTON
GILLIAM-CONDON
GRANT-MONUMENT
GRANT-JOHN DAY
HARNEY-DREWSEY
HARNEY-BURNS

MAL .-ONTARIO
MAL.-JORDAN VALLEY

(210-VI-ORHG,Sept. 1987)

AREA

Pt b b fmd b ot b fed ot d b fod P b

AREA

NN NN

AREA

wwwwwwwwc‘pw.w

COUNTY-CITY

LINN-LEBANON
LINN-HALSEY
LINN-SWEET HOME
MARION-SALEM
MARION-MILL CITY
MULTNOMAH-PORTLAND
POLK-DALLAS
POLK-FALLS CITY
TILLAMOOK-NEHALEM
TILLAMOOK-TILLAMOOK
WASHINGTON-HILLSBORO
WASHINGTON-BANKS
YAMHILL-MCMINNVILLE
YAMHILL~-NEWBERG

COUNTY-CITY

JACKSON-MEDFORD :
JACKSON-BUTTE FALLS
JEFFERSON-MADRAS
JOS.-GRANTS PASS
JOS.-CAVE JUNCTION
KLAM.-KLAMATH FALLS
KLAM.-BONANZA
LAKE-LAKEVIEW
LAKE-PAISLEY
SHERMAN-MORO
WASCO-THE DALLES
WASCO-MAUPIN
WASCO-ANTELOPE

COUNTY-CITY

MORROW-BOARDMAN
MORROW-HEPPNER
UMA. -HERMISTON
UMA.-PENDLETON
UMA.-MILTON-FREE.
UNION-ELGIN
UNION-LAGRANDE
UNION-NORTH POWDER
WALLOWA-ENTERPRISE
WALLOWA-WALLOWA
WHEELER-FOSSIL



Example 2-1

TR-%5 CURVE NUMBEER COMFUTATION VERSION 1.11
Project 1 Pendleton watershed User: rsw Date: 03-19-27
County 1 UMA.-PENDLETON State: OR Checkeds Date:

Subtitier Examples- sub-area 1

Hydrologic Soil Group
B (o

COVER DESCRIPTION A D
Acres (CN)
CULTIVATED AGRICULTURAL LANDS
Fallow Bare soil c——- - &90(86) 45(91) -
Crop residue (CR) poor - 120(85) - -
Smali graln Straight row (SR) poor . - &90(7&) 45(g4) -
C + Croup residue poor * - 120(73) - -
Total Area (by Hydreologic Soil Group) 1620 Y
TEEES t E- % & 4
TOTAL DRAINAGE AREA: 1710 Acres WEIGHTED CURVE NUMEEF :Sis
# - Generated for use by GRAFPHIC method
Example 3-1
TR-5% Tc and Tt THRU SUBAREA COMPUTATICON VERSION 1,11
Froject 1 Pendleton watershed -User: rsw Date: (3-19-37
County : UMA.-FENDLETON State: CR Checked: ____ Date: ________
Subtitle:s Examples- subk-area 1
Flow Type 2 year Length Slope Surface n Area Wp Velacity Time
rain (£¢) (ft/7f¢t) code {sq/7ft) (ft) (ft/sec) (hr)
Sheet 1.0 300 .033 d 0.636
Shallow Concent'd 00 .03% u 0,078
Open Channe!l 7500 .010 .04056.0 10.2 C 0797
Cpen Channel’ &500 . 0048 .04522.0 14.0 0,443
Time of Concentration = 1.9:#
--- Sheet Flow Surface Cndes ---
A Smooth Surface F Grass, Dense -~~ Shallow Concentrated ---
B Fallow (No Res,) G Grass, Burmuda --- Surface Codes ——
C Cultivated < 20 % Res. H Woods, Light P Faved
D Cuitivated > 20 % Res. I Woods, Dense U Unpaved
E Grass-Range, Short
#* - Generated for use by GRAFHIC method
' OR-C-3

(210-VI-ORHG,Sept. 1987)



Example 2-2

TR-Z% CURVE NUMEER CUMFUTATION

Project 1 Pendleton Watershed

County & UMA.-PENDLETON State: CR
Subtitiesr EXAMPLES sub-areas 1 & 2
Subarea t 2

Us

er: rsw

Checked:

VERSION 1.11

Date: 03-19-87
Date:

COVER DESCRIPTION

Hydrologic, Scoll Group
B c

A D
Acres (CN)
FULLY DEVELOPED URBAN AREAS (Veg Estab.)
Streets and roads
Grave!l (w/ right-of-way) - T(e5) 1(89) -
CULTIVATED AGRICULTURAL LANDS :
Faltow Bare soil ———— - J45(86) 30(91) -
Crop residue (CR) good - 275(23) - -
Small graln Straight row (SR) poor - 344(78)  31(&84) -
Cont & terraces(C&T)go00d - 275(70) - -
ARID AND SEMIARID RANGELANDS
Sagebrush (w/ grass understary) fair - P0(51) - -
Total Area (by Hydrologic Seoll Group) 1326 (¥4
z=== ====
SUEBAREA: 2 TOTAL DRAINAGE AREA: 12%2 Acres WEIGHTED CURVE NUMEER:7%3

_Example 3-2

TR-8% Tc and Tt THRU SUBAREA CUMPUTATION

Froject 3 Pendleton Watershed

VERSIOIN 1.11

Date: 08-19-27
Date:

Wp Velocity Time
(ft) (ft/sec) (hr)

6.95 ..
4.66 - 0.417

Time of Corncentration = 1.54»

User: rsw
County 1 UMA.-PENDLETON State: COR Checkeds ____
Subtitie: EXAMPLES sub-areas 1 & 2 CT
-------------------------------- Subarea #2 - 2
Flew Type 2 yeour Length Sicpe Surface n Area

rain (ft) (fE/7f¢) code (sq/ft)

Sheet 1.0 300 . 020 d
Shaliow Concent'd 2100 .021¢ u -
Open Channel : JB00 020 .04%52.64.
Open Channel © TO00
Open Channel 000 007 .04534.0

~-- Sheet Flow Surface Codes ---
A Smooth Burface F Grass,
B Fallow (No Res.) G Grass,
C Cultivated < 20 7 Res. H Weeods,
D Cultivated > 20 % Res. -1 Woods,
E Grass-Range, Short

* - @Generated for use by TARULAR method

OR-C-4

Dense
Burmuda
Light
Dense

15.4 0.537
Travel Time = 0.54%
E==2==

~-= Shallow Concentrated ---
-- Surface Codes -—-

(210-VI-0ORHG,Sept. 1987)

P Faved
U Unpaved



Example 4-1

TR-55 GRAPHICAL DISCHARGE METHOD VERSION 1.11
FroJect : Pendleton watershed User: rsw Date: 02-19-87
County : UMA,-PENDLETON State: COR Checked: Date:

Subtitle: Examples- sub-area 1

Data: Drainage Area t 1710 * Acres
Runoff Curve Number : 81 #
Time of Concentration:s 1.94 # Hours
Rainfall Type : Il
Pond and Swamp Area 1 NONE

4 Storm Number ! 1 1 2 | 3 | 4 | S 1. & 1 7 4
|eemrcrr v ar e {eercec | mcacrcn]|cnacaa lemmmeeleceee- oo - H
! Fregquency (yrs) H 2 | 5 1 10 I 25 |I' O t 100 1} o
1 ! ! i * H ' ! ! i !
! 24-Hr Rainfall (in) ! i ! 1.2 1 1i3 1 1.5 1 1.6 1} 1.8 1 [s I
! ! ! ! ! 1 } H '
I 1a/P Ratlo I 0.47 | 0.39 | 0.36 | 0.231 | 0.29 | 0.28 ! 0.00 !
! ] - 1 ! | ! H 5
! Runoff (in) ] 0.10 1 0.17 1 0.2Z2 1 0.31 | 0.237 | 0.48 | 0.00 }
! ! i H H H ! H H
!} Unit Peak Discharge 10,194 10,244 10,240 10,284 10.295 $10.306 10.000 !
t ~ (cfs/acre/in) { i H H ! ' H }
1 ! i ] ' H ' H H
! Pond and Swamp Factor! 1.00 } 1.00 { 1,00 } 1,00 ! 1.00 | 1.00 ! 1.00 !
H 0.0% Ponds Used | | ! ! 1 H H !
|ecmwrerrrerccnccne=—— osmm-- =-====- - jmmm——- l=eomem lmmemee lore—e— H
! Peak Discharge (cfs) t-: 33 | T2 ! 97 4 154 | 126 | 252 [
.=-B:l.-IISIIIIIHS'BII--I-B='I_E.II-=.====l=======I===================‘-‘====

# - Value(s) provided from TR-55 system routines

(210-VI-0RHG,Sept. 1987)
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Example 5-1 (with Ia/P rouhded)

TR-55 TABULAR DISCHARGE METHOD VERSION 1.11

Project 1 Fendleton Watershed User: rsw Date: 02-19-87
County 1 UMA.-PENDLETON State: OR Checked: ____ Date: ________
Subtitle: EXAMFLES sub-areas 1 & 2
Total watershed area: 4.8%4 sq mi Rainfall type: I1I Frequency: 25 years
-------------------------- Subareas -----e-c-creeccccoccccoo--
1 2
Areal{sq mi) 2.67 2.18%
Ralnfati(in) 1.5 1.5
Curve number 81 rg-i
Runoffin) .31 0.22
Te (hrs) 1.96 1.84%
(Used) z.00 2.00 $

TimeToOutlet ©0.54% 0.00
(Used) 0.50 0.00
1a/P 0.31 0.38
(Used) 0.30 0.30

Time Total «--=----=---- Subarea Contribution to Total Flow (cfg) ——-—cecececaa
(hr) Flow 1 2 . .
11.0 (] [¢] (¢

11.3 0- (o] 0

11.4& [¢] o] (o]

11.7% 0 (o] o] -
12.0 o] o] ]

12.1 1 [e] 1

12.2 2 s} 2

12.3 4 0 4

12.4 v 1 2

12.5 15 2 13

12.6 22 3 19

1z.7 34 8 8

12.¢ 51 13 3

12.0 90 31 5%

13.2 132 57 5

13.4 173 ar 8¢&

13.6 208 114 P4P

13.8 221 134 87

14,0 226P 144P 81

14.3 206 13% &7

14.6 177 124 Bé

1%5.0 141 96 A B

15.% 10% 73 26

16.0 a7 53 29

16.5 72 47 2%

17.0 é1 40 21

17.5 54 35 19

13.0 43 31 17
..179.0 41 26 15

20.0 - . 3é I 13

22.0 2e 18 10

26.0 11 38 3

P - Peak Flow # - value(s) provided from TR-55 system routines

OR-C-6

(210-VI-ORHG,Sept. 1987)



Example 5-1 (with Ia/P as computed)

TR-55 TABULAR DISCHARGE METHCOD VERSION 1.11
Project 3 Pendleton Watershed User: rsw Date: 02-19-87
County 3 UMA.-PENDLETON State: CR Checked: ____ Date: ________
Subtitles EXAMPLES sub-areas 1 & 2
Total watershed areat 4.854 sq mi Rainfall type: II Frequency: 25 years
-------------------------- Subareas ~-r---ccccccncmcnccc e
b 2

Arealisq mli) 2.67 Z2.18%
Rainfall(in) 1.5 1.5

Curve number 81 T3
Runasff(in) 0.31 C.23
Tc (hrs) 1.96 1.84%

. (Used) 2.00 2.00
TimeToOutliet 0.54% 0.00

(Used) 0.%50 0.00 !
Ia/P 0.31 0.32 :
Time Total =-=-cccaemcwa- Subarea Contribution to Total Flow (cf§) ==-cceceacaaa-
(hr) Flow 1 2
11.0 0 0 (o}
11.3. (o} (o] 4]
11.6 (] (o] 0
11.9 4] 0. 0
12,0 0 o 0
1Z2.1 1 0 1
12.2 1 0 1 <
12.3 a 0 3 i
12.4 T 1 é
12.%5 12 2 10
12.4 17 3 i4
12.7 29 8 21
1z.8 42 13 zy
13.0 75 z9 46
13.2 116 55 é1
13.4 155 64 71
12.6 189 111 78P
13.8 205 130 75
14.0 211F 139F 72
14,3 197 125 &z
14.6 172 11% &3
15.0 140 95 45
15.5 110 73 37
146.0 S? E8 31
16.5 75 42 a7
17.0 &5 41 24
17.5 &7 3¢ 21
12.0 52 az 20
19.0 44 bl 4 17
20.0 39 z4 15
22.0 30 18 12
26.0 11 8 .3
P - Feak Filow *# = value(s) provided from TR-5%5 system routines

OR-C-7
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Appendix D - Worksheets

Worksheets are included which can be reproduced for use with Chapters

2 through 5. Notes have been added to the worksheets referencing the
data sources. '

OR-D-1
(210-VI-ORHG,Sept. 1987)



Worlksheet 2: Runoff curve number and runoff

Fl’equel‘lcy PP 00 S0 L0 PR sEs BRI ROTYS yr

‘Rainfall, P (24-hour) oo  SHGAPPSB) .. 1n

Runoff’ Q 80 8 60 0¢ 0900008000 RCENS O in
(Use P and CN with table 2-1, fig. 2-1,

or eqs. 2-3 and 2-4.)

OR-D-2

(TR-55)

Project By Date
Location Checked Date
Circle one: Present Developed
1. Runoff curve number (CN)
Soil name Cover description 1/ Area Product
and CN = of
hydrologic (cover type, treatment, and S -\ CN x area
group hydrologic condition; ~| T1 T |Dacres
percent impervious; °* o] ¢ 0Omi
unconnected/connectec)l impervious = -E? 0%
- area ratio s =
(H APP-A) (TR-55 Table 2-2) l Bal Wi
Y yse only one CN source per line. (TR-55) Totals =
CN (weighted) = Sotal product . Use CN =
§ total area
- 2. Runoff :
Stornm #1 Storm #2 Storm #3

(210-VI-0RHG,Sept. 1987)




Worlisheet 3: Time of concentration (T,) or travel time (Tp

Project By Date

Location : Checked Date

Clrcle one: Present Developed

Circle one: Tc Tc through subarea

NOTES: Space for as many as two segments per flow type can be used for each
worksheet.

Include a map, schematic, or description of flow segments,

Sheet flow (Applicable to T, oﬁly) Segment ID
1. Surface description (table 3-1) ...XJBI§?)..
2. Manning’s roughness coeff., n (table 3-1) ..
3. Flow length, L (total L < 300 ft) eccoeecnnuscs fc
4, Two-yr 24-hr rainfall, P2 escesssvenesecsnes in
5. Land 8lOpe, B scssescsccsansecssccsssscccass LC/EL
6. T, = 949%%§£3%%2;E . Compute T, .¢.sen hr _+
P2 8
Shallow concentrated flow Segmént ID
7. Surface description (paved or unpaved) .....
B. Flow length, L cesvivcecsscscscsescssccsnasne ft
9., Watercourse 8lOPe, B eescessscscacsrseaseses EL/EL
10. Average velocity, V (figﬁre 3-1) ..STB:?%X.. ft/s
1. Tc - 33%6_7 _ Compute Tt ceeses hr +
Channél flow Segment ID
12, Cross sectional flow area, a seeessscecossas fiz
13. Wetted perimeter, Py *eveevccsscccsseccannes ft
14, Hydraulic radius, t = p—:— COMPUEE [ seevess £
15, Cﬁannel 8lope, 8 seecerncicrsiciriannioiaees fE/fE . e~
16+ ‘Hanninéfs roughness coeff., n QQQJ?PJ?.gtg.. ;‘ “
17, V= 1.49 r:/3 31/2 Compute V sevveee ft/s
18. Flow length, L ceecescectoscacsccsccosnscsss fr
19. T, - sgéa—v Compute T  ...... hr *1

20. Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) ..v.eee hr

(210-VI-ORHG,Sept. 1987)
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Pro ject

Worksheet 4: Graphical ’eak l)ischarge method

By Date

Location

Checked Date

Circle one: Present Developed

Data:

Drainage area cceccaveces Am =
Runoff curve number .... CN =
Time of concentration .. T, =
Rainfall distribution type =

Pond and swamp areas spread
throughout watershed «..... =

gt

Frequency eeceececeseassssssscerscssssnssae yr

Rainfall, P (24-hour) ...;.................’ in

Initial abstraction, Ia cesens

Compute Ia/P Ceecesesnseassessssacaansanne

Unit peak discharge, q

RunOff,Q.........-....----.-.-......... in I

(From workshect 2).

Pond and'swamp ad justment factor, F_ ...
(Use percent pond and swamp area

ceetesssenns in
(Use CN with table 4-1.) (TR-55)

teesesessscsssees csm/in
(Use Tc and Ia/P with exhibit 4

mi2 (acres/640)

(From worksheet 2)
hr (From worksheet 3)

(I, IA, II, III) (HG APP-B)

percent of A ( - acres or ni? covered)

Storm #1 Storm #2 Storm #3

- ) (TR-55)

with table 4-2, Factor is 1.0 for

Peak discharge, q

(Where q, = quAmQFp)

OR-D-4

<

p trtreereseseecieciinn, cfs

_zero percent pond aqgniyampﬁarea.).(TR;55)_

(210-VI-ORHG,Sept. 1987)



(1861 *3d3S°9HY0-1A-012)

‘Worksheet 5a: Basic watershed data

§-0-40

Pro ject Location By Date
Circle one: Present  Developed Frequency (yr) Checked Date
Subarea | Drainage { Time of | Travel { Downstream Travel 24-hr | Runoff | Run—- Initial
name area concen- time subarea time “Rain- curve off abstrac-
tration through names summation |' fall number tion
subarea to outlet
A, Tc Tt ETt P CN Q AmQ Ia Ia/P
(mi?) | (he) (hr) (hr) (1n) (n) | (m%-1n) | (n) -
i
A EE +tt++++ ¢+t 14 t+

* From worksheet 3

From worksheet 2

{TR-55)

From table 5-1




9-@-40

(1861 *3d3S*9HY0-1A-012)

Worksheet 5h: Tabular hydrograph discharge summary

Pro ject Location By Date
Circle one: Present Develaped Frequency (yr) Checked Date
Basic watershed data used Y Select and enter hvdrogréph times in hours from exhihit 5- 2/
Subarea| Sub-| IT, L/p AQ
nane area to
Tc outlet 2 Discharges at selected hydrograph tiues 3/
(hr) | (hr) (M=) = = = = = = = = = = = = = = = = = = ofgfg)m = === === -~~~ == —— -~

Composite hydrograph aé outlet

%{ Worksheet Sa. Rounded as needed for use with exhibit 5. (TR-55)
</ Enter rainfall distribution type used. (HG APP-B)

Hydrograph discharge for selected times lis AmQ multiplied by tabular discharge from appropriate exhibit S, (TR-55)
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