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DAMES & MOORE APROFESSIONALLIMITEDPARTNERSHIP

POINTE CORPORATE CENTRE, 7500 NORTH DREAMY DRAW DRIVE, SUITE 145
PHOENIX, ARIZONA 85020 (602) 371-1110

January 23, 1990

D&M Job No. 15448-003-022

Flood Control District of
Maricopa County

3355 West Durango Street
Phoenix, Arizona 85009

Attention: Mr. Joe Rumann, Hydrologist III

Phase I Report
Hydrologic Analysis
Buckeye Floodwater Retarding
Structures #1, #2, and #3
for the Flood Control District
of Maricopa County
FCD Project 88-63

With this letter, we are pleased to submit the following items:

o Five copies of the above-referenced report.
o Three bound sets of the project calculations.
o One full size bound set of HEC-l printouts.
o One floppy disk of the HEC-l input files.

This submission completes the work required for Phase I of this
project. We have enjoyed completing Phase I of this project for you.
Should you have any questions regarding any of the materials submitted,
please contact us.

Very truly yours,

DAMES & MOORE

~M.M
George J. Geiser, P.E.
Project Manager

Robert J. Neukirchner, P.E.
Manager, Design Services Group

GJG/RJN/baw

OFFICES WORLDWIDE
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Area

Duration (hrs)
12 18 24 48 72

ftc- ~.I S-

)4 o~$2-
for the Colorado River and Great \. U I

(mm)

6

<;:5 1.7 0.9 0.5' /.5 19· 5 in.------
IDo ?> %------

7 5 ~ 9 erG:> ) I/"'t) }/ z- /I &

&1' UV 112 %

~. 7 12...l:l 2,0 II "3.2 in. (mm)

I(..'~
!J2..:1L /2.5 ~.J.jJz, '[.1" .!L! in. (DID)

from smooth curve fitted to plot of computed data.

Comparison with local-storm PMP (see sec. 6.3),

Convergence PMP _~

1. Drainage ave~age v~-,,~_
one of figures 2.5 to 2.16 ~in..- ..--

2. Reduction for barrier-
elevation [fig. 2.18]

4. Durational. variation
[figs. 2.25 to 2.27
and table 2.7].

5. Convergence PMP for indicated
durations [steps 3 X 4]

6. Incremental 10 mi2 (26 km2)
PMP [successive subtraction
in step 5]

7. Areal redl,lction [select from
figs. 2.28 and 2.29]

8. Areal1y reduced PMP [step 6 X
step 7]

3. Barrier-elevation reduced
PMP [step 1 X step 2] )2.. 6in. (mm)

6. Orographic PMP for given dur­
ations [steps 4 X. 5]

Total PMP

9. Drainage average PMP [accumu!ate.d
values of step 8] ii..~E.iIz..L. .lil.'4.(.. in. (mm)

Orographic PMP
1. Drainage average orographic index from figure 3.1la tofcD 2-.(, in. (tim)

(}.iitl. iof.'-"Y
2. Areal reduction [figure 3.20] {cD %

3. Adjustment for month [one oftf'lJl
figs. 3.12 to 3.17] !_VV_% 1,

4. Area1ly and seasonally adjusted
PMP [steps 1 X 2 X 3] '2..0 in. (DIll)

5. Durational variation [table 3.'J
CO ~~ (S EL~J!iL 160%

1. Add steps A9 and B6

2. PMP for other durations

3.

A.

B.

C.

. 150

Table 6.l.--General-storm PMP computations
basin

Drainage ~~eV~ F R. s .
Latitude 33" 3D

J

,y , Longitude of basin center
~)/2...° 37""33"

Month 3'5£ Ik"5~t:;

I
I­
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II
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I~ 0-
t'x) (j)
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/tJo %

If, 7 in. (um)

I. s5

.--:../..;../_"~7__ in. (mm)

Area g mi2 (1m?)
Minimum Elevation 10$'0 ft (m)

fo.2 2./ 0.<1 e.S in. (DIll)----

(9.4 O.t:, I. r; /0.0 I.D 0.5 in. (mm) 1.------

Duration (hr)

69 S~

"1'1 fiE

1/4 1/2 3/4 1 2 3 4 5 6

for

C;.2 "1.. I 0.4 !!.:!...- } 15-min. increments

Four larges t l5-mi.n.
increments [table 4.8].

Hourly increments
[table 4.7].

b. Multiply step 1 by step 2a.

Areal reduction
[fig. 4.9].

Durational variation
for 6/l-hr ratio of
step 3 [table 4.4].

l-mi2 (2.6-km2) PMP
indicated durations
[step 2b X step 4].

Areal reduced PMP
[steps 5 X 6l.

Time sequence of incre­
mental PMP according to:

Steps correspond to those in sec. 6.3A.

1. Average l-hr l-mi2 (2.6-km2) PMP for
drainage [fig. 4.5].

2. a.

3. Average 6/l-hr ratio for drainage [fig. 4.7].

I-/,-("t_ --J

4.

8. Incremental PMP
[successive subtraction
in step 71.

5.

7.

6.

9.

Ibv-~'l€.- FRs
/;oc;..~

Table 6.3A.-Local-storm. PMP computation, Colorado River, Great B~1n and 10 {
California drainages. For drainage average depth PMP. Go to 1
table 6.3B if areal variation is required.
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Figure 2.4.--SeasonaZ variation of convergence PMP and supporting
data for' least-orographic subregions. AZZ vaZues given in
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0---.--- 0.02 probability level of 3-day maximum rains
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Figure 2.12.--1000-mb (lOO-kPa) 24-hr convergence PMP (inches) for 10 mi2

(26 km2) for August. Val-Ues in parentheses are '/,imiting va'/,uss and
are -to faciUtate e:r:tztapoZation beyond the indicated gradient.
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Figure 2.18.--Percent of lOOO-mb (lOO-kPaJ convergence PMP resulting
fram effective elevation and barrier considerations. Isolines drawn
for every five percent.
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JuZy ~
Figuzoe 2.26. --RegionaZ variation of 6/24-hr ratios by month (peraentJ.

VaZues in parentheses are Zimiting vaZues and are to faciZitate
eztrapoZation beyond the indicated gradient.

110·
I

I
110·

, -.,;.. ' .. '. '. .. _~c '....: ..._;:~~

1~q4~-~'3-OZ-z.-

~c.~ i:e 'Ie- ,..~c::.
'<t Df

June

DISTANCE SCALE
o 100 200 300 MI-
I 'i " "o 200 i 400 KM.

DISTANCE SCALE
o 100 200 300 MI-
I " t , '

o 200 i 400 K"'_

110·
I

110·
I

110·

May

DISTANCE SCALE
o 100 200 JOO "' •.I 'i! , , t t

o 200 i 400 KM.

DISTANCE SCALE
o 100 200 300 M l-
I ! I ' I I If \ I

o 200 400 KM,

I
48

I
I
I
I
I
I
I
I
I
I

0-
Ir~

~

I ~ 0-

Q~

I-~........ =:.

I
IU-
a~:"£'
I~ oL

I
I



"

50

I
I,
I
I
I
I
I
I
I
I
I
I
10--
It t'
,~~

I~>

II \
I~t

)C\L

I'
I

L ,'.,., .'. ......~.~
, '5l/4~-003" O-Z-~

&~'IL- pits
'20 C)~ ::2d.-

For the range of 6/24-hr ratios included in figures 2.25 to 2.27, depth- l bl
duration values in percent of 24-hr amounts are found in table 2.7. The re­
gional ratio maps, and the depth-duration curves presented in figure 2.20 were
used in adjusting the major storm data to 24-hr amounts listed in table 2.1.

Table 2.7.--Durational variation of convergence PMP (in percent of 24-hr
amount) .

Duration (Hrs) Duration (Hrs)
6 12 18 24 48 72 6 12 18 24 48 72

50 76 90 100 129 150 66 84 93 100 116 124
51 77 90 100 128 148 67 85 94 100 116 123
52 77 90 100 127 146 68 85 94 100 115 122
53 77 91 100 127 144 69 86 94 100 115 121
54 78 91 100 126 142
55 78 91 100 125 140 70 87 94 100 114 120
56 79 91 100 124 138 71 87 95 100 114 119
57 79 92 100 123 137 72 88 95 100 113 118
58 80 92 100 122 135 73 88 95 100 113 118
59 80 92 100 121 134 74 89 95 100 112 117

([5
~6 ij~ )00 112 l@

60 81 92 100 120 132 76 100 III 115
61 81 92 100 120 131 77 90 96 100 110 114
62 82 93 100 119 129 78 91 96 100 110 114
63 82 93 100 118 128 79 92 97 100 109 113
64 83 93 100 117 126
65 84 93 100 117 125 80 92 97 100 109 113

Note: For use, enter first column (6 hr) with 6/24-hr ratio from figures
2.25 to 2.27.

2.5 Areal Reduction for Basin Size

For operational use, basin average values of convergence PMP are needed
rather than 10-mi2 (26-km2) values. Preferably, the method for reducing
10-mi2 (26-km2) ~alues to basin average rainfalls should be derived from
depth-area relations of storms in the region. However, all general storms in
the region include large proportions o~ orographic precipitation.

Our solution was to use generalized depth-area relations developed for PMP
estimates within bordering zones in the Central and Eastern United States
(Riedel et al. 1956). The smoothed areal variations adopted for the South­
western States are shown in figures 2.28 and 2.29 for each month or a co~

bination of months where differences are insignificant.

Figures 2.28 and 2.29 give depth-area re1ati~ns that red~ce lQ-mi2 (26-km2)
convergence PHP for basin sizes up to 5,000 mi (12,950 km ) for each month.
Areal variations are given for the 4 greatest (1st to 4th) 6-hr PMP incre­
ments. After the 4th increment no reduction for basin size:1s required.
Application of these figures will become clear through consideration of an
example of PHP computation in chapter 6.
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This chapter provides generalized estimates of local or thunderstorm prob­
able maximum pr~cipitation. By "generalized" is meant that mapped values are
given from which estimates of PMP may be determined for any selected drainage.
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Introduction

Percent of 24-hr value

6 hr 12 18 24 48 72

28 55 79 100 161 190
29 56 79 100 160 189
30 57 80 100 159 187
30 57 80 100 157 185
31 58 81 100 155 182
32 59 81 100 152 177
33 60 82 100 149 172

61 82 100 146 167
35 62 83 100 143 162 (oe> liil l&

a& 100 139 157
37 64 84 100 135 52
39 66 85 100 132 146

4.1

Table 3.9.--Durational variation of orographic PMP

32
31

LOCAL-STORM PM? FOR THE SOUTHWESTERN REGION AND CALIFORNIA

Region of Interest

4.

4.1.1

42
41
40
39
38
37
36
35
34

3

Latitude
oN

Local-storm PMP was not included in the "Interim Report, Probable Maximum
Precipitation in California" (HMR No. 36). During the formulation of the
present study, we decided that the local-storm part of the study should in­
clude California west of the Sierra Nevada. It was also noted that PMP for
summer thunderstorms was not considered west of the Cascade Divide in the
Northwestern Region (HMR No. 43). As stated in the latter report, "No summer
thunderstorms have been reported there (west of the Divide) of an intensity
of those to the'east, for which the moisture source is often the Gulf of
Mexico or Gulf of California. The Cascade Divide offers an additional bar­
rier to such moisture inflows to coastal areas where, in addition, the
Pacific Ocean to the west has a stabilizing influence on the air to hinder
the occurrence of intense summer local storms." Therefore, it was necessary
to establish some continuation of the Cascade Divide into California so that
the local-storm PMP definition would have continuity between the two regions.

The stabilizing influence of the Pacific air is at times interrupted by the
warm moist tropical air from the south pushing into California, although it
is difficult to determine where the limit of southerly flow occurs. General
storms having the tropical characteristic of excessive thunderstorm rains are
observed as far north as the northern end of the Sacramento Valley. Thus, a
northern boundary has been selected for this study, excluding that portion of

I
I
I
I
I
I
I
I
I
I
I
I
I

I



Figure 4.5.--Loaal-stoZ'T1l PMP for 1 rrri,2 (2.6 7<J'i) 1 hIt. Directly
applicable for locations between sea level and 5000 ft (1524 mY.
Elevation adjustment must be applied for locations above 5000 ft.

events. In contrast to figure 4.4, figure 4.5 maintains a maximum between
these two locations. There is no known meteorological basis for a different
solution. The analysis suggests that in the northern portion of the region
maximum PMP occurs between the Sierra Nevada on the west and the Wasatch
range on the east.
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A discrete maximum (> 10 inches, 254 mm) occurs at the north end of the
Sacramento Valley in northern California because the northward-flowing moist
air is ~creasingly channeled and forced upslope. Support for this PMP cen­
ter comes from the Newton, Kennett, and Red Bluff storms (fig. 4.1). Although
the analysis in this region appears to be an extension of the broad maximum
through the center of the Southwestern Region, it does not indicate the
direction of moist inflow. The pattern has evolved primarily as a result of
attempts to tie plotted maxima into a reasonable picture while considering
inflow directions, terrain effects, and moisture potential.
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establish the basic depth-duration curve, then structure a variable set of
depth-duration curves to cover the range of 6/l-hr ratios that are needed.

Figure 4.7.--Analysis of 6/1-hr ratios of averaged maximum station
data (plotted at midpoints of a 2° latitude-longitude grid).
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Three sets of data were considered for obtaining a base relation (see
table 4.3 for depth-duration data):

a. An average of depth-duration relations from each of 17 greatest 3-hr
rains from summer storms (1940-49) in Utah (U. S. Weather Bureau 1951b) and
in unpublished tabulations for Nevada and Arizona (1940-63). The 3-hr
amounts ranged from 1 to 3 inches (25 to 76 mm) in these events.

b. An average depth-duration r~lation from 14 of the most extreme short­
duration storms listed in Storm Rainfall (U. S. Armyt Corps of Engineers
1945- ). These storms come from Eastern and Central States and have 3-hr
amounts of 5 to 22 inches (127 to 559 mm).



4.5 Depth-Area Relation

Table 4.4 lists durational variations in percent of l-hr PMP for selected
6/l-hr rain ratios. These values were interpolated from figure 4.3.

Depth-duration relations for durations less than 1 hour were then smoothed
to provide a family of curves consistent with the relations determined for 1
to 6 hours, as shown in figure 4.3. Adjustment was necessary to some of the
curves to provide smoother relations through the common point at 1 hour.

6/1-hr Duration (hr)
ratio 1/4 1/2 3/4 1 2 3 4 5 6

1.1 86 93 97 100 107 .109 110 110 110
1.2 74 89 95 100 110 115 118 119 120

74 100 114 12 125 128 13 CA. s. L--
63 100 118 126 132 137 140 1t~a.~
63 121 145 150
43 87 100 124 138 147 154 160
43 87 100 130 149 161 171 180
43 87 100 137 161 175 188 200

l'S I.iJI"l'- ~.:z_tJ 2-'1.-­

Gkc .E..~ 1=~~
"7-'f!)~~

ratios than storms with high 3/l-hr ratios. The geographical distribution
of 15-min to l-hr ratios also were inversely correlated with magnitudes of) ~ L
the 6/l-hr ratios of figure 4.7. For example, Los Angeles and San Diego
(high 6/l-hr ratios) have low IS-min to l-hr ratios (approximately 0.60)
whereas the 15-min to l-hr ratios in Arizona and Utah (low 6/l-hr ratios)
were generally higher (approximately 0.75).

We believe we were justified in reducing the number of the curves shown in
figure 4.3 for durations less than 1 hour, letting one· curve apply to a
range of 6/l-hr ratios. The corresponding curves have been indicated by
letter deSignators, A-D, on figure 4.3. As an example, for any 6-hr amount
between 115% and 135% of l-hr, l-mi2 (2.6-km2) PMP, the associated values
for durations less than 1 hour are obtained from the curve designated as "B".

To determine 6-hr PMP for a basin, use figure 4.3 (or table 4.4) and the
geographical distribution of 6/l-hr ratios given in figure 4.7.

Table 4.4.--Durational variation of l-mi2 (2.6-km2) local-storm PMP
in percent of l-hr PMP (see figure 4.3)

120

We have thus far developed local-storm PMP for an area of 1 mi2 (2.6 km2).
To apply PMP to a basin, we need to determine how l-mi2 (2.6-km2) PMP should
decrease with increasing area. We have adopted depth-area relations based
on rainfalls in the Southwest and from consideration of a model thunderstorm.
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storm period. The sequence of hourly incremental PMP for the Southwest 6-hr
thunderstorm in accord with this study is presented in column 2 of table
4.7. A small variation from this sequence is given in Engineering Manual
1110-2-1411 (U. S. Army, Corps of Engineers 1965). The latter, listed in
column 3 of table 4.7, places greater incremental amounts somewhat more
toward the end of the 6-hr storm period. In application, the choice of
either of these distributions is left to the user since one may prove to
be more critical in a specific case than the other.

Table 4.7.--Time sequence for hourly incremental PMP in 6-hr storm

INCI.OSID
ISOHnT AlIA
~ CltM2)

A 2.6

• 5 13

C 25 U

D 55 142

" 246
f 150 31.
G 220 .570
H 300 777

315 997
500 1:t9.5

SCAlI1,_-
D1STANCli SCAlI

o 2 • • • (MU
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i ~ ~ j 1~ 1~ (k.u

Fourth
Third
Fifth
Second
Last
First
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Figure 4.10.--IdeaZized
ZocaZ-storm isohyetaZ
pattern.
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la. S. Weather Bureau 1947.
2U. S. Corps of Engineers 1952.
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1

First
Second
Third
Last

Sequence Position

•• --Time sequence for 15-min incremental PMP within 1 hr

Increment

Largest l5-min amount
2nd largest
3rd largest
least

Month

M J J A S 0 No. of Cases

Utah 1 5 9 14 5 34

Arizona 4 16 19 4 43

S. Calif. * 14 10 7 31

No. of cases/me. 1 23 35 40 9 0
*South of 31°N and east of Sierra Nevada ridgeline.

4.8 Seasonal Distribution

(The maximum event at each of 108 stations, period of record 1940-72.)

Table 4.9.--Seasonal distribution of thunderstorm rainfalls.

,51.14 ~ -~-o 2..'"L
11a...L.~~Y~ FRs

127

32. C)~ ~
Also of importance is the sequence of the four 15-min incremental PMP I (P 1

values. We recommend a time distribution, table 4.8, giving the greatest
intensity in the first 15-min interval (U.S. Weather Bureau 1947). This
is based on data from a broad geographical region. Additional support for
this time distribution is found in the reports of specific storms by Keppell
(1963) and Osborn and Renard (1969). '

The time of the year when local-storm PMP is most likely is of interest.
Guidance was obtained from analysis of the distribution of maximum l-hr
thunderstorm events through the warm season at the recording stations in
Utah, Arizona, and in southern California (south of 37°N and east of the
Sierra Nevada ridgeline). The period of record used was for 1940-72 with an
average record length for the stations considered of 27 years. The month
with the one greatest thunderstorm rainfall for the period of record at each
station was noted. The totals of these events for each month, by States,
are shown in table 4.9.

I
I-
I
I
I
I
I
I
I
I
I
I
I

tt~
~~
I
~ ':>- -.



I
CALCULATIONS ·COVER SHEET

. DAMES & MOORE

DESIGN SERVICES GROUP

PROJEC I NUMl:H:H I ~4 4. l5 -003~O ~ Z-

SUBJECT Bv-..c...J::eye.c F QS.

SHEETJ.A..OF 1C91

I
I
I
I

~- f·k. 't- 72 -th.. Sto,1"\ O.'~t.,~bu..t;o.... S
TITLE OF CALCULATIONS

I CALCULA TION S B Y: __j_o_k_A.._",:"l-~c....~A-:A.",:":",I'":,,~--=::::,,,,,,__
PIIINT NAt.lE

~!)~
SIONATURE

I
I

ASSUMPTIONS

CHECKED BY
CONSULTANT:

(!:-:/~'o
I DATE'

APPROVAL

IN,TIALS

CHECKED BYBY

? SIGNATUAE

SIONATUIIE

(.. f~-r.;..,.L-<......'<:: ~-C~G (s If .,..,
PAINT NAt.lE

./ -; /

;., 1<' ./', .. --7.-;;--1,

DATE

1

2

3

APPROVED BY:
IP"IHCIPAL INVESTIGATOA.
CONSULTANT OA pw,

CALCULA TIONS
CHECKED BY:

APP"OVAL NOTES:

IF CALCULATIONS "AE ONLY SPOT CHECK EO.
00 HOT IIEOUIAI CHECKIHG OA "liE ASSUlolEO
TO 8E COAIIECT BY E,PE'liENCE OR ENGINEEAING
JUDGEMENT. IT SHOUUl U HOUD HER£.

REVISION
NUMBER

w
~

u.
~
(J
W..,
o
a:
c.
o
~

~

«
·Z

c.:l
a:
o

I
I

I
I

I



E fY\11)O-2-/4!!

Dames & Moore

Fourth £

=-Third
Fifth :'-
Second

/

Last "
First

EMllIO-2-14112

0(\ Iy

First
Second
Third
Last

O:6t~ ; ~v..i:. )~e~

'1'"1 Z-\.-. r

he' PTYl P

t.o

Sequence Position

;I'\...fv.-t,

1IDm No. 5

Sequence Position

Third
Fourth
Second
Fifth
First
Last

,~ C'\ elY! C./\ t:::,..

D.e...I,..1J2-Lo pe.-
f- D \: He..e:- - )

FILE 154[.)<:(. -00 3- ~O -z...-~

SU8JEcT-...1§u.-C.-k~'i i?- ER S
_______________SHEET 2,4 OF I~:

Increment

Largest IS-min amount
2nd largest
3rd largest
least

Table 4.7.--Time sequence for hourly incremental PMP in 6-hr storm

Increment

Largest hourly amount
2nd largest
3rd largest
4th largest
5th largest
least

Table 4.8.-Time sequence for 15-min incremental PMP within I hr.

~. S. Weather Bureau 1947.
20. S. Corps of Engineers 1952.
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DAHES & HOORE JOB I 15446-003-022
BUCKE'l'E FRS

DEUElOPHENT OF THE 12-HR PHP DISTRIBUTION
20-HIN, AND 12-HR INTERUAlS

----------------INCRfHfNTAL-ofpTH-CHANGf-{bD~-------------OATA-CHECK-------OISTRIBUTION------
TIHE TOTAL _ _

DEPTH TIHE 20-HIN 12-HR 1Z-HR TIHE DEPTH 12-HR ZO-HIN
HIN IN HIN IN IN SEQ. I HR IN___~ ~ ~ ~ ~ f: ~ ~ ~ ~_

20 3.540 20 3.540 .33 3.54 .003
40 4.095 20 .555 .67 4.10 .003
60 4.626 20 .533 1.00 4.63 .003
60 5.139 20 .511 1.33 5.14 .004

100 5.625 20 .466 1.67 5.63 .004
120 6.092 20 .467 2.00 6.09 .004
140 6.537 20 .4<15 2.33 . 6.54 .005
160 6.960 20 .423 2.67 6.96 .005
160 7.363 20 .423 3.00 7.36 .005
200 7.764 20 .401 3.33 7.76 .005
220 6.163 20 .379 3.67 6.16 .006
240 6.520 20 .357 4.00 6.52 .006
Z60 6.655 20 .335 4.33 6.66 .006
260 9.166 20 .313 4.67 9.17 .006
300 9.457 20 .269 5.00 9.46 .007
320 9.726 20 .271 5.33 9.73 .007
340 9.975 20 .247 5.67 9.911 .007
360 10.200 20 .225 6.00 10.20 .006
360 10.403 20 .203 6.33 10.40 .006
400 10.565 20 .162 6.67 10.56 .006
420 10.751 ZO .166 7.00 10.75 .001l
440 10.904 20 .153 7.33 1.0.90 .009
460 11.047 20 .143 7.67 11.05 .009
460 11.161 20 .135 6.00 11.16 .009
500 11.309 20 .126 6.33 11.31 .009
520 11.431 20 .122 6.67 11.43 .010
540 11.549 ZO .116 9.00 11.55 .010
560 11.663 20 .114 9.33 11.66 .010
560 11.774 20 .111 9.67 11.77 .010
600 11.662 20 .106 10.00 11.66 .011
620 11.969 20 .106 10.33 11.99 .011
640 12.093 20 .105 10.67 12.09 .011
660 12.197 20 .103 11.00 12.20 .012
660 12.299 20 .102 11.33 12.30 .012
700 12.400 20 .101 11.67 12.40 .012
720 12.500 20 .100 12.5 4 12.00 12.50 .2749997 .012
740 12.597 20 .097 12.33 1Z.60 .022
760 12.669 20 .092 12.67 12.69 .023
760 12.777 20 .066 13.00 12.76 .023
600 12.661 20 .064 13.33 12.06 .024
620 12.941 20 .060 13.67 12.94 .024
640 13.019 20 .077 14.00 13.02 .024
660 13.093 20 .075 14.33 13.09 .025
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DAHES & HOORE JOB I 15448-003-022
BUCKEVE FRS

DEUElOPHENT OF THE 12-HR PHP DISTRIBUTION
20-HIN, AND 12-HR INTERUAlS

----------------INCREHENTAl-OEPTH-CHANGE-------------------OATA-CHECK-------OISTRIBUTION------

---BBO---13~165-------20-----~072--------------------------i4~67----i3~i7-----------------~025

900 13.235 20 .070 15.00 13.24 .025
920 13.303 20 .068 15.33 13.30 .026
940 13.370 20 .066 15.67 13.37 .026
960 13.<135 20 .065 H.OO 13.43 .026
960 13.496 20 .063 16.33 p.50 .027

1000 13.560 20 .062 16.67 13.56 .027
1020 13.622 20 .061 17.00 13.62 .027
1040 13.662 20 .060 17.33 13.66 .027
1060 13.741 20 .059 17.67 13.74 .026
1080 13.600 20 .059 16.00 13.60 .026
1100 13.656 20 .056 16.33 13.66 .026
1120 13.909 20 .053 16.67 13.91 .029
1140 13.960 20 .050 19.00 13.96 .029
1160 14.007 20 .046 19.33 14.01 .029
1160 14.054 20 .046 19.67 14.05 .029
1200 14.098 20 .045 20.00 14.10 .029
1220 14.142 20 .044 20.33 14.14 .030
1240 14.165 20 .0<13 20.67 14.16 .030
1260 1.4.227 20 .042 21.00 14.23 .030
1.260 14.266 20 .042 21.33 14.27 .030
1300 14.310 20 .041 21.67 14.31 .031
1320 14.351 20 .041 22.00 14.35 .031
1340 1.4.392 20 .041 22.33 14.39 .031.
1360 14.<134 20 .041 22.67 1.4.43 .031
1360 1.4.475 20 .041 23.00 14.48 .031
1.400 1.4.517 20 .041 23.33 14.52 .032
1420 14.556 20 .042 23.67 1.4.56 .032
]440 14.600 20 .042 2.1 3 24.00 14.60 1.000999 .032
1460 14.642 20 .042 24.33 14.64 .041
1460 14.663 20 .041 24.67 14.60 .041
1500 14.724 20 .041 25.00 1.4.72 .041
1520 14.764 20 .040 25.33 14.76 .041
1540 14.604 20 .040 25.67 14.00 .041.
1560 14.643 20 .039 26.00 14.'64 .041
1560 14.602 20 .039 26.33 14.06 .042
1600 14.921 20 .039 26.67 14.92 .042
1620 14.959 20 .036 27.00 14.'36 .042
1640 14.997 20 .036 27.33 15.00 .042
1660 15.035 20 .036 27.67 15.03 .043
1660 15.072 20 .037 20.00 15.07 .044
1700 15.109 20 .037 28.33 15.11. .045
1720 15.146 20 .037 26.67 15.15 .046
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--1740---15~183-------20-----~037--------------------------29~OO----15~i8-----------------~04B

1760 15.219 20 .036 29.33 15.22 .050
1760 15.255 20 .036 29.67 15.25 .053
1600 15.291 20 .036 30.00 15.29 .056
1020 15.326 20 .036 30.33 15.33 .059
1640 15.362 20 .035 30.67 15.36 .059
1660 15.397 20 .035 31.00 15.40 .060
1860 15.432 20 .035 31.33 15.43 .061
1900 15.466 20 .035 31.67 15.47 .062
1920 15.501 20 .034 32.00 15.50 .063
1940 15.535 20 .034 32.33 15.54 .065
1960 15.569 20 .034 32.67 15.57 .066
1900 15.603 20 .034 33.00 15.60 .066
2000 15.637 20 .034 33.33 15.64 .070
2020 15.670 20 .033 33.67 15.67 .072
2040 15.703 20 .033 34.00 15.70 .075
2060 15.736 20 .033 34.33 15.74 .077
2060 15.769 20 .033 34.67 15.77 .060
2100 15.602 20 .033 35.00 15.80 .064
2120 15.635 20 .033 35.33 15.63 .006
2140 15.667 20 .032 35.67 15.87 .092
2160 15.699 20 .032 1.299001 5 36.00 15.90 2.1 .097
2160 15.931 20 .032 36.33 15.93 3.540
2200 15.963 20 .032 36.67 15.96 .555
2220 15.994 20 .032 37.00 15.99 .533
2240 16.026 20 .031 37.33 16.03 .511
2260 16.057 20 .031 37.67 16.06 .406
2260 16.066 20 .031 30.00 16.09 .467
2300 16.116 20 .031 36.33 1£,.12 .445
2320 16.149 20 .031 38.67 16.15 .423
2340 16.179 20 .030 39.00 16.10 .423
2360 16.209 20 .030 39.33 16.21 .401
2360 16.239 20 .030 39.67 16.24 .379
2400 16.269 20 .030 40.00 16.27 .357
2420 16.299 20 .029 40.33 16.30 .335
2440 16.326 20 .029 40.67 16.33 .313
2460 16.357 20 .029 41.00 16.36 .209
2400 16.366 20 .029 41.33 16.39 .271
2500 16.414 20 .029 41.67 16.4] .24"7
2520 16.442 20 .026 42.00 16.44 .225
2540 16.470 20 .026 42.33 16.47 .203
2560 16.496 20 .026 42.67 16.50 .162
2500 16.526 20 .027 43.00 16.53 .166
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DAHES & HOORE JOB I 15qq6-003-022
BUCKEVE FRS

DEUElOPHENT OF THE 12-HR PHP DISTRIBUTION
20-NIN, AND 12-HR INTERUAlS

----------------INCREHENTAL-oErTH-CHANGE-------------------OATA-CHECK-------OISTRIBUTION------

--26oo---i6~553-------20-----~027--------------------------43~33----i6~55-----------------~i53

2620 16 . 560 20 . 0 2 7 q 3 . 6 7 16 . 56 . 1 q 3.
2640 16.606 20 .027 44.00 16.61 .135
2660 16.633 20 .026 44.33 16.63 .126
2660 16.659 20 .026 44.67 16.66 .122
2700 16.664 20 .026 45.00 l6.66 .116
2720 16.710 20 .025 45.33 16.71 .114
2740 16.735 20 .025 q5.67 16.73 .111
2760 16.760 20 .025 46.00 16.76 .106
2760 16.764 20 .024 46.33 16.76 .106
2600 16.006 20 .024 46.67 16.61 :105
2620 16.631 20 .024 47.00 16.63 .103
2640 16.655 20 .023 41.33 16.65 .102
2660 16.676 20 .023 47.67 16.06 .101
2660 16.900 20 .022 1.000999 2 46.00 16.90 12.5 .100
2900 16.922 20 .022 46.33 16.92 .Oq2
2920 16.944 20 .022 46.67 16.94 .041
2940 16.965 20 .022 49.00 16.97 .041
2960 16.967 20 .021 49.33 16.99 .040
2960 17.006 20 .021 49.67 17.01 .0qO
3000 17.026 20 .021 50.00 17.03 .039
3020 17.049 20 .020 50.33 17.05 .039
3040 17.069 20 .020 50.67 17.07 .039
3060 17.069 20 .020 51.00 17.09 .036
3060 17.109 20 .020 51.33 17.11 .036
3100 17.126 20 .019 51.67 17.13 .036
3120 17.147 20 .019 52.00 17.15 .037
3UO 17.166 20 .019 52.33 17.17 .037
3160 17.165 20 .019 52.67 17.10 .037
3160 17.203 20 .016 53.00 17.20 .037
3200 17.221 20 .016 53.33 17.22 .036
3220 17.239 20 .016 53.67 17.2q .036
3240 17.256 20 .017 54.00 17.26 .036
3260 17.273 20 .017 5L33 17.27 .036
3260 17.290 20 .017 54.67 17.29 .035
3300 17.307 20 .017 55.00 17.31 .035
3320 17.324 20 .016 55.33 17.32 .035
3340 17.340 20 .016 55.67 17.34 .035
3360 17.356 20 .016 56.00 17.36 .034
3360 17.371 20 .016 56.33 17.37 .034
3400 17.366 20 .015 56.67 17.39 .034
3420 17.q02 20 .015 57.00 17.40 .034
3440 17.416 20 .015 57.33 17.42 .034
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BUCKEVE FRS

DEUELOPHENT OF THE 12-HR PHP DISTRIBUTION
20-HIN, AND 12-HR INTERUALS

----------------------------------------------------------------------------------------------
INCREHENTAL DEPTH CHANGE DATA CHECK DISTRIBUTION

--3460---17~431-------20-----~015--------------------------57~67----17~43-----------------~033

3460 17.445 20 .014 56.00 17.45 .033
3500 17.459 20 .014 56.33 17.46 .033
3520 17.473 20 .014 50.67 17.47 .033
3540 17.466 20 .013 59.00 17.49 .033
3560 17.499 20 .013 59.33 17.50 .033
3560 17.512 20 .013 59.67 17.51 .032
3600 17.525 20 .013 .6250003 6 60.00 17.53 1.299001 .032
3620 17.537 20 .012 60.33 17.54 .022
3640 17.549 20 .012 60.67 17.55 .022
3660 17.561 20 .012 61.00 17.56 .022
3660 17.573 20 .012 61.33 17.57 .021
3700 11. 564 20 .011 61. 67 17.56 .021
3720 17.595 20 .011 62.00 17.60 .021
3740 11.606 20 .011 62.33 17.61 .020
3760 17.616 20 .010 62.67 17.62 .020
3760 17.627 20 .010 63.00 17.63 .020
3600 17.636 20 .010 63.33 17.64 .020
3620 17.646 20 .010 63.67 11.65 .019
3640 17.656 20 .009 64.00 17.66 .019
3660 11.665 20 .009 64.33 17.66 .019
3660 17.674 20 .009 64.67 17.67 .019
3900 11.662 20 .009 65.00 17.60 .016
3920 17.690 20 .006 65.33 17.69 .016
3940 17.696 20 .006 65.61 11.10 .016
3960 17.706 20 .006 66.00 17.71 .017
3900 17.714 20 .006 66.33 17.71 .017
4000 17.721 20 .007 66.67 17.72 .017
4020 17.726 20 .007 61.00 17.13 .017
4040 17.735 20 .007 67.33 17.73 .016
4060 17.741 20 .006 67.67 17.7<1 .016
4060 17.747 20 .006 60.00 17.75 .016
4100 11.753 20 .006 60.33 17.75 .016
4120 17.759 20 .006 66.67 17.76 .015
4140 17.764 20 .005 69.00 17.76 .015
4160 17.769 20 .005 69.33 17.77 .015
4160 11.77<1 20 .005 69.67 17.77 .015
4200 17.776 20 .005 70.00 17.76 .01<1
4220 17.763 20 .004 70.33 17.76 .014
4240 17.767 20 .004 70.67 17.79 .014
4260 17.790 20 .004 71.00 17.79 .013
4260 17.794 20 .003 71.33 17.79 .013
4300 17.797 20 .003 71.67 17.60 .013
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9·2
53 o~ t~l1 Table 9.1. --RunoC~rvs;r~~~~ ~:·:':":)logic soil-cover complexes

I
(Antecedent moisture condition II, and I a = 0.2 $)

Cover
Land use Treatment Hydrologic Hydrologic soil group

1 or practice condition I ABC D

Fallow Straight row 77 86 91 94

I Row crops " Poor 72 81 88 91
" Good 67 78 85 :. 89

I
Contoured Poor 70 79 84 88

" Good 65 75 82 86
"and terraced Poor 66 74 eo 82
" " " Good 62 71 78 81

I Small Straight row Poor 65 76 84 88
gram Good 63 75 83 87

I Contoured Poor 63 74 82 85

I
Good 61 73 81 84

"and terraced Poor 61 72 79 82

\ I
Good 59 70 78 81

Close-seeded Straight row Poor 66 77 85 89
legumes y II " Good 58 72 81 85

I or Contoured Poor 64 75 83 85
rotation " Good 55 69 78 83
meadow "and terraced Poor 63 73 eo 83

I "and terraced Good 51 67 76 eo

I Se.leG-rp~l(::p;~t~;:e Poor 68 79 86 89J
Fair 49 69 79 84
Good 39 61 74 eo

Contoured Poor 47 67 81 88
'1 Fair 25 59 75 83

I " Good 6 35 70 79

Meadow Good 30 58 71 78

I Woods Poor 45 66 77 83
Fair 36 60 73 79

I Good 25 55 70 77

Farmsteads 59 74 82 86

~
Roads (dirt) Y 72 82 87 89

(bard surface) gj 74 84 90 92

'"I 11 Close-drilled or broadcast.
gj Including right -of -way. ,
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Curve numbers (CN) and constants for the case I = 0.2 Ss
3 4 5 1 23 4 5

*For CN in column 1.

Curve*
CN for S starts

conditions values* h
I III were

p =

Table 10.L
1 2

I
I
I
I

I
I
I
I
I
I
I
I
I

I

L33
L39
L45
L51
L57
L64
L70
1.77
1.85
1.92
2.00
2.08
2.16
2.26
2.34
2.44
2.54
2.64
2.76
2.88
3.00
3.12
3.26
3.40
3.56
3.72
3.88
4.06
4.24
4.44
4.66

(inches){inches}

6.67
6.95
7.24
7.54
7.86
8.18
8.52
8.87
9.23
9.61

10.0
10.4
10.8
11.3
11.7
12.2
12.7
13.2
13.8
14.4
15.0
15.6
16.3
17.0
17.8
18.6
19.4
20.3
2L2
22.2
23.3

78
77
76
75
75
74
73
72
71
70
70
69
68
67
66
65
64
63
62
61
60
59
58
57
56
55
54
53
52
51
50

CN for S Curve*
conditions values* sthsrts
I III were

p =

40
39
38
37
36
35
34
33
32
3~

31
30
29
28
27
26
25
25
24
23
22
2l
2l
20
19
18
18
17
16
16
15

12 43 30.0 6.00
9 37 40.0 8.00
6 30 56.7 lL34
4 22 90.0 18.00
2 13 190.0 38.00
o 0 infinity infinity

60
59
58
57
56
55
54
53
52
5~

50
49
48
47
46
45
44­
43
42
41
40
39
38
37
36
35
34
33
32
31
30

25
20
15
10
5
o

CN tor
condi­
tion
II

{inches}

o
.02
.04
.06
.08
.11
.13

.•15
.17
.20
.22
.25
.27
.30
.33
.35
.38
.41
.44­
.47
.50
.53
.56
.60
.63
.67
.70
.74
.78
.82
.86
.90
.94
.98

1.03
L08
1.12
1.17
1.23
1.28

(inches)

o
.101
.204
.309
.417
.526
.638
.753
.870
.989

1.11
1.24
L36
L49
L63
1.76
L90
2.05
2.20
2.34
2.50
2.66
2.82
2.99
3.16
3.33
3.51
3.70
3.89
4.08
4.28
4.49
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6.13
6.39
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Figure 15.2.-Velocities tor uplam method ot estimating Tc
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