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Simons, Li & Associates, Inc.
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This completes our Scope of 'Work for this project. If you have any ques­
tions, or need additional information, please contact me at your convenience.

The firm of Simons, Li & Associates, Inc., has cbmpleted its contract
with the City of Tucson for the preparation of a Simplified Method for
Estimating Flood Peaks. As per'your request, enclosed please find twelve
(12) copies of the Manual. Also included are three (3) copies of the Manual
and Project Report, one copy of which includes all back-up data and calcula­
tions for your office files.

Dear Brian:

TELEPHONE (602) 884-9594

March 1, 1982

SI~10NS, LI & A<;SOCIATES, INC.

120 W. BROADWAY
SUITE 230
POST OFFICE BOX 2712
TUCSON, ARIZONA 85702

Very truly yours,

~~.~
Michael E. Zeller, P.E.
Manager

FORT COLLINS OFFICE: POST OFFICE BOX 1816. FORT COLLINS. COLORADO 80522 (303) 223-4100
DENVER OFFICE: 1780 E. BELLAIRE. SUITE 506, DENVE:R. COLORADO 80222 (303) 692-0369

RE: Simplified Method for
Estimating Flood Peaks

Dr. Brian M. Reich, P.E.
Assistant City Engineer
Flood Plain Management
City of Tucson Engineering
P.O. Box 27210
Tucson, AZ 58726

MEZ/sv
Enclosures
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their corresponding changes in elevation onto lines a,b, and c. Channel

slopes within each segment should be approximately constant.

1. Enter the project name and location.

2. Describe the point where the flood is being estimated.

3. Enter the watershed area, in acres.

4. Enter the length, in feet (L ) , of the hydraulically longest
c

collector within the study watershed. This extends upstream of the defined

channel to include overland flow.

5. Enter the length of the main channel downstream of the watershed

This method can be applied, within the incorporated limits of the City

of Tucson, to designs whose watersheds are smaller than two square miles. The

procedure isa simplification of, and is compatible with, Pima County Flood

Control District's "Hydrology Manual for Engineering Design· and Flood Plain

Management Within Pima County, Arizona," which will continue to be used for

City work on larger watersheds.

Steps required in estimating the lOa-year flood peak (QIOO) are given
p

below and correspond to the numbers on the blank Hydrologic Data Sheet attached.

collector and

If, for an unusually shaped watershed, the center is

Further space is provided for computing I, in a checkable form.

The mean slope (S ) is calculated.
c

Enter the watershed type(s) (e.g., suburban, commercial, etc.)

7.

8.

9.

6.

center (L ) in feet.ca
difficult to estimate, then L may be approximated as L /2.ca c

Enter the lengths of three segments of the longest

reflecting future land use. If two different land uses predominate within the

study watershed, note the proportion of each (e.g., Industrial 25%, Rural 75%).

10. Enter the future basin factor(s) (~), chosen from Table I.

11. Enter future imperviousness (in %).

12. Choose the weighted runoff coefficient (C ) from Table II. Where watershed
w

parts are listed, weight their C' s according to the ratios recorded on Line 9

before finding the average C •
w

13. Calculate the Z-factor.

14. The future time of concentration (T ) in minutes is found, to thec
nearest minute, by entering Table III with the Z-factor. One should never use

a time of concentration less than five (5) minutes, nor greater than sixty (60)

minutes.
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15. The lOO-year rainfall intensity, as approved by the City Engineer on

October 31, 1977, can now be determined from the equation:

i = 12
(1+O.05T ) •

c

16. The future lOO-year flood peak for the design point is calculated

by the "rational" formula, QIOO = CiA. If the study watershed is already
p w

developed to its ultimate, the word "future" should be lined out wherever it

appears on the Hydrologic Data Sheet •

17. For determination of flood peaks which will recur more frequently

than Q~OO, simply multiply by the appropriate factor from Table IV.

I
I
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Table III

Sub b

Z-Factor Versus Time of Concentration (T )

1R1

Basin Factor (n
b

) For Varying Degrees of Land Use

Within the Incorporated Limits of the City of Tucson

Table II

100-Year Weighted Runoff Coefficient (C ) for Varying Degrees of Land Use
w

Within the Incorporated Limits of the City of Tucson (Percent in Parenthesis

Represents Amount of Impervious Cover)

Table I

Where N.C. = natural channels predominate within watershed boundaries;

I.C. = improved channels predominate within watershed boundaries;

and L.C. = totally lined channels predominate within watershed boundaries.

*Use n
b

= .030 for these land uses when flow is principally in streets

rather than in improved channels (I.e. 's). Interpolate between the values

shown in Table I and n
b

= .030 for combination street flows/improved channel

flows in accordance with their watershed ratios.

Nt

Natural Rural Suburban *Mod. Urban *Hvy. Urban *corron Ind.

~ N.C. I.C. N. C. I.C. I.C. L.C. I.C. L.C. I.C. L.C.-- -- -- -- -- -- -- --- -- --
.035 .034 .027 .032 .026 .022 .018 .022 .018 .022 .018

a ura ura ur an Mo . Ur an Hvy. Ur an Corron In .
(0%) (10%) (20%) (40%) (70%) (90%.)
0:60 0.65 0.70 0.75 0.85 0.95

c
Z T Z T Z T Z Tc c c c- - - - - - - -

4.57 5 14.55 19 22.34 33 28.97 47
5.40 6 15.15 20 22.84 34 29.43 48
6.20 7 15.74 21 23.37 35 29.86 49
6.99 8 16.34 22 23.83 36 30.29 50
7.76 9 16.94 23 24.33 37 30.72 51
8.52 10 17.50 24 24.83 38 31.16 52
9.25 11 18.06 25 25.29 39 31.59 53
9.94 12 18.63 26 25.79 40 31.98 54

10.64 13 19.19 27 26.25 41 32.42 55
11.34 14 19.72 28 26.71 42 32.85 56
12.00 15 20.25 29 27.18 43 33.24 57
12.66 16 20.78 30 27.64 44 33.64 58
13.29 17 21.31 31 28.07 45 34.07 59
13.92 18 21.84 32 28.54 46 34.47 60
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LI
11 Table IV

A IOO-acre watershed outlets at the southwest corner of X-Street and J-

with lined sides and natural (earthen) bottoms. What is the 100-year flood

peak for this watershed?

RECURRENCE INTERVAL
WATERSHED TYPE 2"Yr. 10-Yr. 25-Yr. 50-Yr.
Natural 0.05 0.30 0.50 0.70
Rural 0.10 0.35 0.55 0.75
Suburban 0.15 0.40 0.60 0.80
Moderately Urban 0.20 0.45 0.65 0.85
Highly Urban 0.25 0.50 0.70 0.85

The watershed is moderately urbanized, and contains improved channels

Factors for Determining Peaks of More Frequent Flood Recurrence
Intervals as a Ratio of the 100-Year Flood Event

Avenue.

I

il

I

ft.

Weighted Watershed
Average

nbw-~1000,,,.,",Ou2_2.,,-_

I w -_-:;14-0""' ;'u"';<.._

Cw -_-,,0....,-150<-_

(---)

lilA,
NI'"

Subarea 2

Change in Elevation Factors - ft.

Subarea 1

City uf Tucson . 100
1I)'drolmlic Data Sheet for computing IOO-Year Peak O.l.schacqc CQP--:-!

Project Nallle and Location,-bla..=..Na.Me.WlI.$h, X- $+rce:t ~ J-Auc,t\U.e.

Drainage Concentration Point, A+ SlA) Cor\l\er ot- T ..-h=rsc:.s:±\()~

Change in Length Factors - ft.

Basin Factor (n
b
), __...Oo<.,..,Q..u:2..2..... _

Imperviousness (') , .:.'+OU£.-J°/uOL-__

Watershed Type(S)
(' of TOtal Areal, Mod Urb..1(~) --''''~/~A...

t/A
j

ALl' /3tXJ (ALIIJ;I, ''1'1,000,000 ~l' 9 AL~/AHI :J.Ii4
J
I/') 11/

AL2 ' 1'100 (AL2 ) 3 (.,,is"l,W,D60 AH2 ' /5" AL~/AH2 'IS7; v.i., "7
ALJ ' 1300 (ALJ )3;l,'9',OOi2,QOO AH3' S AL~/AHJ '-'If, lz.S;00D

I - (:~ f + (:~:r + (:~:r-IS; (,2l/: + ZJ, 3Il'l + /(,1 f;12. - S3) go

Mean Slope(S l-(L /Il 2_ ( 0. oit} )2 - 0.007/ ft./ft.
cc -

For Other Return Periods, ~ ID-Year ~ ~

Ratio to 100-year Peak: Q,2Q O,ee; 0,4S- o.i5'

Q (cubic feet/second): 1/.3 :2.53 3lek l.J.79

·Watershed Area(A) at Drainage Concentration point' /~l)~"£-- acres.

Length of Hydraulically Longest Watercourse (L
c

) , If.LA5''''DO==-- ft.

Length from center of Watersh"d Area (Lca) • along Lc ,-----.J.i2"'lUd..5....""'O"-----------

9.

lJ.

12.

10.

11.

17.

Runoff Coefficient (Cw) , 0.'15

Z-Factor(Z) _ 0.444n
bw

(L L )0.3/(5 C )0.4 - -L/~O~,-'O...~_._----(future)
c ca c w

14. **Time of COncentration (T
c

) , determined from Table III:__-LIZ......__..;..inute.(future)

15. At T
c

' 100-year Rainfall Intensity(i) - 12/(1+0.05Tcl-~ rzw,u:5~()<---inches/hour

100 ,.../ ~
100-year Flood Peak (Op ) - CwiA- 0/75 x ',50 x '00 - _=:;:XP;g;~.;);e;iiiic,fs(futurel16.

Solution:

l.

2.

J.

4.

5.

6.

a.

b.

c.

7.

8.

I
I

I
I

I

,I
J
I

* A may not exceed 1,280 a~res (2 $Quare miles) in .ize.
** T

c
may not be less than five (5) minutes nor greater than .ixty (60) minutes.

-4-Date,Prepared by, C<>mpany:

-,J",..."Oo:::-·..... ...:)(:::,.y,-r~.:::;-f:.....LA.l:~=o:.t., Jo.",. \'\"&2.
I



14. **Time of Concentration(T ), determined from Table III: minutes (future)
c -------------'

ft.

Date:

50-Year

=

=Cw

I
w

Weighted Watershed
Average (future)

n =bw--------

25-Year

Subarea 2

10-Year

Change in Elevation Factors - ft.

= 12/(1+0.05T )= inches/hour
c ---------.

+ + =------- ------ ------- ----------

Company:

2-Year

Subarea 1

)2 = ft./ft.------ -----

+

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

project Name and Location:
--------------------~-----

Length of Hydraulically Longest Watercourse (L ): - ft.
c·

Drainage Concenbration Point: ~__~ _

Length from center .ofWatershed Area (L ), along L :
ca c ---------------

Change in Length Factors - ft.

3 3
(ilLl ) ilH

l
: ilLl/ilH

l
---------

(ilL
2

) 3 ilH
2

: ilL~/ilH2 _

3 3ilL3 : (ilL
3

) ilH
3

: ilL
3

/ ilH
3

_

I = (~~~ r + (~~~ r

Watershed Type(s)
(% of Total Area) : _

Mean Slope(S )=(L /1)2=
c c

Basin Factor(n
b

):

Imperviousness(%):----------------

Ratio to 100-year Peak:

At T , 100-year Rainfall Intensity(i)
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ---- ---- 5!555i55i55555~

Runoff Coefficient (Cw) : ----

Z-Factor(Z) = 0.444a (L L )0.3/(S C )0.4 = ------(future)
ow c ca c w

Q ~ubic feet/second):

For Other Return Periods:

*watershed Area(A) at Drainage Concentration Point: acres.-----------------------

I.

2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.
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I. INTRODUCTION

The following pages briefly describe and/or document the different sources

utilized by Simons, Li & Associates, Inc., (SLA) in the preparation of

an hYdr010gic..J.'rocedures manual entitled "Simplified M~thod of Estimating ....
l(es,-~{'f-t fr",-w. ~'rtl":1 f4~ ~ l11efkA ~< ~AeA "Ctry C?F Tt.N.. Se>N /'--

Flood Peaks.'~ This "simplified method" is based upon the Pima County Flood

Control District's manual entitled "Hydrology Manual for Engineering Design

and Flood Plain Management within Pima County, Arizona."

II. DEVELOPMENT OF THE MANUAL

The 17 procedural steps utilized in the development of the simplified

method contained within the manual were developed as follows:

1. Steps 1 through 9 of the procedural approach are taken directly from

the Pima County Hydrology Manual and are utilized in the same manner as within

that document.

2. Step 10 is a reduced version of the Basin Factors taken from the

Pima County Hydrology Manual. This reduced table is based upon the typical

watershed conditions which would normally be encountered within the present

or near-future limits of the City of Tucson.

3. Step 11 is self-explanatory.

4. Step 12 utilizes a table of weighted runoff coefficients which have

been developed especially for the conditions which are believed to exist within

the present or near-future limits of the City of Tucson. These are based upon

the rainfall-duration-intensity curve developed by Brian M. Reich (1977) for

the City of Tucson.

5. The "z" factor was developed based upon the physical parameters of

the watershed utilized in solving for the watershed's time of concentration

(T). Such parameters include length, slope, and the basin factor.c
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6. Table 3, developed for use in Step 14 in order to solve for the time

of concentration of the watershed, is used in conjunction with the "Zit factor

to avoid an iterative solution of T as is done presently in Pima County's
c

Hydrology Manual. The table was developed by equating the rainfall distribu-

tion in the Tucson and Pima County area to known times of concentration and

graphically preparing a T versus intensity curve from which values could be.' c .

plotted that were subsequently called "z" factors •

7. The equation for the solution of rainfall intensity indicated in

Step 15 was obtained through the development of a regression equation utilizing
". '9

information .~~OAA Atlas>volume'~(1973), Rainfall Statistical Data Summary

for the State of Arizona, prepared by the National Weather Service.

8. Step 16 is self-explanatory, and is merely the standard application

of a "rational" formula.

9. Table 4, utilized in Step 17, was developed primarily from the ratios

stated in Pima County's Hydrology Manual. These ratios have been developed

over time from observed and empirical ratio determinations for lesser magni-

tUQe floods when compared to the predicted or observed 100-year flood peaks

for the particular watersheds under observation. These ratios are felt to be

particularly applicable for the areas which are presently or soon to be within

the limits of the City of Tucson, i.e., typically highly urbanized in nature.

III. MANUAL APPLICATION

The simplified method developed and prepared in manual form for the City

of Tucson was applied to a spectrum of 20 typical watershed locations within

and around the City of Tucson. In addition, comparisons were made for predictions

of the 2-year, 2S-year, and 100-year flood peaks against other standard proce-

dures for estimating flood peaks which have been utilized in the past within
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the City of Tucson by various agencies such as Pima County, the City of Tucson,

the Arizona Department of Transportation (ADOT), the United states Geological

survey (USGS), etc. The comparison methods that were utilized are:

1. Pima County Flood Control District Hydrology Manual;

2. Quick Curve signed by Brian M. Reich and Michael E. Zeller on

March 10, 1980;

3 • The ADOT Manual; ~ (I,
....~

4. The Walnut Gulch QIOO Curve signed by Brian M. Reich in April, 1979;

5. The latest published USGS Regional-Regression Curve developed by

Jim Eychaner and Byron Aldridge: and

6. The Santa Barbara Urban Runoff Model.

The results of these comparisons for the various flood frequencies, as

previously noted, are as indicated within Table A on the following page.

Also, four methods were used for comparison purposes in establishing times

of concentration, rise times, and lag times for the 20 watershed locations

versus the time of concentration that was developed through utilization of the

simplified flood peak procedure. The four procedures utilized in this compari-

son were:

1. ADOT Manual's procedure;

2. The SCS, TR-55, procedure;

3. The Schaake Procedure, found in A.S.C.E. (1967); and

4. The rise time procedure of A.S.C.E. lO-minute Urban Hydrographs as

found in A.S.C.E. (1977).

Results of the comparison of these procedures can be found within the attached

Table B, following Table A.
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,It;) :{') TABLE A 6) I. •

"tOMPARISON OF VARIOUS HYDROLOGIC PROCEDURES FOR TIlE ESTIMATION OF ':5)
The 2-, 25-, and lq~;~~ FLOW EVENTS WITHIN THE VICINITY OF TUCS?N, ARIZONA
t1.f{ APr;{Q1~ f\l<:I tj&i..ef...l~I"~ PcFd) gi... t"i.L:·CA-~ ~ ~"'-"Il-..&.t'l.......
~~'GUL~H CURVE U:S.G.S.~q.Eqs. ADOT (Rational\ rTTV o~ Tl

(3)

~~lI. ~ (..b
~~~fI-~'(T

LtlrfP

,.". ~~
.... 1f:'''''DRAINAGE

-_... . ............................. " ... - - - -- -----......... - ....~.U .... ol'. ... .......................NAME OF WASH (Acres) 2' 25' 100 2 25 100 2 ... 25 100 2 25 100 2 l 25 100 2 25 100 2 25 100
Alamo '·u.o 520 342 1196 1709 328 1149 1642 321 1125 1607 250 983 1456 4801.111559 2399 435 1621 2261 252 1531 2438~~- I -Alvernon I·~O 284 213 746 1066 180 629 899 211 739 1055 159 616 932 256 ; 831 1278 236 879 1226~.~._"'-

Anklam 0.56 1350 688 2409 4130 732 2562 4392 241 1324 2407 297 2106 3119 3?l-8 ;2186 3975
Arcadia /./7 787 466 1632 2332 476 1665 2379 422 1478 2111 283 1102 1637 545 1773 2727 513 1916 2690

'~71Cemetery /.1 '3 650 405 1416 2023 403 1410 2014 1373 1305 1864 260 1047 1560 459 1492 2296 210 1409 2306
Cholla P.% 273 207 723 1240 172 603 1034 200 701 1002 139 622 956 198 ) 818 1377
Columbus ,.()1 176 144 505 722 106 370 529 149 521 744 99 394 577 154·, 502 772 141 5'26 734-

584 12225

._-- -_._ ..-........
Este t'.g3 1178 625 2186 3750 660 2310 3960 221 1218 2214 283 1343 2062 3647
Fr. VillageO.84 762 456 1595 2734 463 1620 2777 168 925 1681 152 1052 1600 384 (1536 2560
High schooJ,.O" '/fl j576 369 1293 1847 361 1264 1805 344 1205 1721 207 933 1452 381 1379 2217 367 1535 2165 157 1318 2230.. --- ...

-'.. ... -...... - ..._-._ .... _-..'..
M.G. Vista".~\ 104 139 463 695 84 281 422 99 348 497 67 269 400 113 '! 369 567 101 381 526
Midway /.1..1 656 407 1426 2037 406 1421 2030 375 1313 1875 289 1148 1680 4921 1599 2460

!Navajo /.2..5 697 426 1492 2132 428 1499 2142 390 1366 1951 279 1122 1673 534: 1736 2671
Pumping o.•b 544 177 885 1769 171 857 1713 135 740 1346 54 653 1012 701 700 1400

.1;' 3;
Railroad /.lfJ 1216 639 2237 3196 676 2367 3382 555 1944 2777 389 1532 2335 706, 2295 3530 306 2170 3555~ ... ... ;
Robb Oel 1330 681 2384 3406 724 2533 3619 587 2053 2933 372 1397 2128 798 , 2594 3990
Rolling .tti\~ 31 31 109 188 11 37 63 15 82 149 17 113 174 30 120 200 34 150 210-----.

..
RosehiU/·()1 1045 574 2008 2868 601 2104 3005 506 1770 2528 251 951 1505 578 ; 1880 2892 551 2113 2973

3' W.Gulch #4 563 182 90B 1816 177 884 1768 138 758 1378 68 788 1250 84 \ 845 1689
"W. Speedway 294 219 767 1315 186 652 1118 88 484 880 129 900 1379 139 764 1389 122 1144 1772

\
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Tables A and B preceding were developed by application of each of the afore­

mentioned procedures to 20 selected watershed locations in or within the

vicinity of the City of Tucson. Development of the tables entailed consider­

able calculation time; and, rather than tr1 to describe each of the individual

applications of the procedural methods, attached to and made a part of this

report are copies of all the calculation data sheets, where applicable indica­

ting the procedure utilized and subsequent results obtained. To highlight, the

following paragraphs will briefly describe particular instances where certain

decisions were made in order to arrive at results which were consistent with

regard to past methods and procedures for estimating flood peaks within the

limits of the City of Tucson.

The Pima County Flood Control District Manual, the Quick Curve Method

signed by Brian M. Reich and Michael E. Zeller, the Walnut Gulch QIOO Curve

developed by Brian M. Reich in April of 1979, and the latest published USGS

Regression Curve are straight forward in nature and need no other explanation

other than to state that the curves that were utilized in developing the peak

flow rate methods are attached and made a part of this report, including all

calculation sheets developed for e~tablishingestimated flood flows through

utilization of the Pima County Flood Control District's procedure.

The Flood Control District's Manual, being the original basis upon which

the simplified method was based, was expected to give results almost identical

to the procedure. As such it was felt that an application of only five (5) typi­

cal watershed locations would establish this consistency, and therefore only

five rather than 20 locations were utilized in the estimating of flood peak~

through this procedure.
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IV. BACK-UP MATERIAL



I
II The ADOT Manual procedure is merely an application of the Rational Form-

II
ula utilizing a time of concentration equation developed by P.Z. Kirpich from

data gathered by Ramser. The equation utilized is as follows:

for the 20 typical watersheds, as indicated in Table B.

calibration of the method that routing times for use in the Santa Barbara

Urban Hydrographmust be approximately 50% of the 100-year flood times of con-

[ ]

0./7-

\L.' ..' in hours.
IS.

1
7700

T =c

This same equation was later utilized for developing the time of concentration

was that of the Santa Barbara Urban Hydrograph Model. It was found through

The most interesting procedure for comparison with the simplified method

centration obtained through utilization of the simplified method. In all cases,

this 50% routing time was based upon a 100-year flood time of concentration.

Using this routing time as a base, lesser magnitude floods were developed by

adjusting the initial and final abstraction rates such that a constant phi in-

dex was used which was based on Soil Conservation Service Curve-Number (CN)

hour; for the 2S-year flood, the phi index is 1.3 inches/hour; and, finally,

procedures, Final results were: for a 100-year flood, the phi index is 1.1 inches/

for the 2-year flood, the phi index is 1.5 inches/hour. Again, in all cases the

hydrologic routing time to be used in the Santa Barbara Urban Hydrograph pro-

I

I
I

I

I
I

I

I
cedure was based upon 50% of the 100-year flood time of concentration developed

in conjunction with the simplified method for estimating flood peaks.

I
Table B was developed by employing the four methods, as previously noted,

for estimating times of concentration, lag times, and rise times. The equations

for these procedures are as follows:

I
I
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T
L

= 1.05 LO. 24 I~0.26 s-0.16 ., in m~nutes.

The rise time of A.S.C.E. 10-minute Urban Hydrographs, in
A.S.C.E. (1977):

in hours.

, in hours.

1
7700

T =
c

AOOT:

SCS, TR-55:

T
L

= LO. 8 (S+1)0.7

1900yO. 5

Schaake, in A.S.C.E. (1967):

1.

2.

3.

4.

I
I

:1
11

'I

I T -_ 3.1 LO. 23 S-0.25 I-O. 18 ~1.57, .
'I' ~n minutes.r

WHERE, for

I
I
I

1.

2.

3.

L = length of the \l1atershed in feet;

S = length of the \'lTatershed in feet/feet.

L = length of the watershed in feet;

S 1000 (CN No.) ;= = SCS CurveCN-IO

y = slope, in percent

(Modifications of this formula due to urbanization effects
are described in the attached back-up material.)

L = length of the watershed in feet;

I
,I

I

4.

I = impervious area, percent;

S = slope of the watershed in percent.

L = length of the watershed in feet;

S = slope of the watershed in feet/feet;

I = impervious area, in percent;

ep = a rise-time index dependent upon the physical character­
istics of the watershed.

I



IIi

II,

,I

I
I

I
I
I
I

-I
I
I

I
I

These equations and their parameters are more completely described in the

back-up material which is provided in the appropriate sub-sections of this

report.

The most interesting component of the four (4) above described equations

is the lag time of Schaake (item 3) which is related somewhat to the nec~ssity

for utilizing 50% of the time of concentration in the simplified method as a

routing tirneto be used in the Santa Barbara Urban Hydrograph procedure. It

was found that Schaake's procedure seemed to produce lag times which were very

consistent with this estimated time of routing quantity as described previously.

Schaake describes his lag time as the time from the center of rainfall to the

midpoint of the flood hydrograph. It is felt that a formula of this type prob-

ably more accurately reflects a routing interval that should be used when uti-

lizing the Santa Barbara Urban Hydrograph procedure for desert conditions such

as prevail \vithin the Tucson community where "flashy" flood peaks are so depen-

dent upon and caused by shortt intense fainfall bursts that are common during

the s~~er thunderstorms which occur over the Tucson Valley.

The following pages are the working materials and back-up data which

support Tables A and B t as previously described. AdditionallYt at the end

of this report an addendum is included which contains both user instructions

and an optional program listing for use with an HP-41 computer. These are

provided for the designer's use t if so desired.
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BACK-UP DATA AND CALCULATIONS



ft.

cfs(f\it.w:e)

Date:

nbw=_-'O..........=o::..o~_5.L._

I = lfo()/ow --.t....;:."--:OO,,........--

C
w

=__01<..:·_7,-,,5...-__

Weighted Watershed
Average

( J l.:. '3~ ,4-00J 000

1,5~'7 ,1,'15) 000

Subarea 2

Change in Elevation Factors - ft.

Company:

Go\± L \tJ ks "'Roa..J

Subarea 1

City of Tucson
Hydrologic Data Sheet for Computing laO-Year Peak Discharge (Q~OO)

Project Name and Location:-Ai....a.....<-IM.c.::.;~O~..ll.LCl£lVa......SLb.L..J. _

Drainage Concenbration Point:_ .......-"-'-'--=:...:...1::....>-::..00<.---''-===- _

Length of Hydraulically Longest Watercourse (Lc):-----1.J.~:;~C?~()~~-------ft.

Length from center of Watershed Area (L ), along L: 3LfOQca c ---'"-'-..........."""<:-------
Change in Length Factors - ft.

Basin Factor(n
b

):

Runoff Coefficient (Cw) :_---:.O~,~7....5!O!_· _

Watershed Type(s)
(% of Total Area): Mod. llrbgw «(00 %

l:iL
1

: 3;),00 (l:iLl ) 3 3,:2.'1 (P8' )( 10 I 0 l:iH
1

: 2L? l:iLi/l:iHl
3 /0 3

6L2: Lf3QO (l:iL2 ) 'J. <:t50'1 X. IQ 6H2: 4-0 l:iL2/l:iH2
3 3

l:iL3: (l:iL3 ) ---'- ,l:iH3:...,.- l:iL3/ l:iH3 ----...,.-----

(
l:iLi ji (l:iL;ji (rl:iL~ \i

I = l:iH
1

+ 6H
2

+ ~ = 40)4-'1 + 441~--g3 + = 1(5)Qtoo

Mean Slope (5 ) = (L /1) 2= (0,0)(55' Z ) 2 = 0.007'0 ft. /ft.
c c -

For Other Return Periods: 2-Year la-Year 2S-Year SO-Year

Ratio to 100-year Peak: 0 . .20 O. t.J5 0, (PfJ 0, rgS

Q <Cubic feet/second) : 4:80 L080 /559 ;]D39

0.0;25 (SgMe. st«+lw) __

Imperviousness (%) : LfQ-/-..=..-tL0&..fo'- _
I

*Watershed Area(A) at Drainage Concentration point: ---'~~·~~~()=- acres.

1-

2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

Prepared by:

12.

17.

11
'I
'I
,I
:1
'I
I
I
I
I 10.

I 11-

,I 13. Z-Factor (Z) = O. 444n. (L L ) O. 3/ (S C )0.4 = -1/~'+i:..!..jt.l-t...J.7~ :.({o~f\il:fle~tt:r~eie)
ow c ca c w

,.1 14. **Time of Concentration (Tc ) , determined from Table III:__--s.1--I-9 ~minutes(£ttett:re)

15. At T , lOa-year Rainfall Intensity (i) = 12/ U+O.OST )=__.....l(p~~.LJL...'£"'--__inches/hour
c c

116. laO-year Flood Peak (Q~OO) = CwiA= 0.75 x C;,I.£x 5;J,..O = .;t39~

I
-:1-

* A may not exceed 1,280 acres (2 square miles) in size.
1 ** T

c
may not be less than five (S) minutes nor greater than sixty ,(60) minutes.

I _t=\, E. Z e U~~::..Jrl.-"""';'- ......S>IW..l=!L~A...:.. ------ _

I
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pc FeD fV\E:Tt\OT>
HYDROLOGIC DATA SHEET

:hO

4-3.00

SQlOO

;'jectN~e~d~~t~n:_.~A~~\~~·~M~··.~Q~·~l~J~.~~~s~~b~ ~

urainage Concentration Point: @GO\.\-L\N\c; '$ Ra;L;:~:;::'= -_
·Itershed Area (A): 6::2Q acres/s'iuQE'e aile••

Length of Watercourse (Lc): 7500 ft. Length to Center of Gravity (Lca): ::5lfOO ft.

ilbrem~ntal Change in Length (L1) -ft. Incremental Change in Elevation (Hi) - ft.

Ian Slope (Sc) :__..:O;;.;.:..:O=O;...7.l-~g:___.ft./ft.Watershed Type(s) :M.Od.e.nL.\-~\~ Ur6Q...V\ (£ycuE'e)

Basin Factor (nb): Q. oaG -(future;) Flood Frequency: 2. .2.5 (00 yrs.

·14 (24 hour): 1n.

,I
----_"'""':""--=-;::...;-------
1----

__--- ......;in.

_________......;in.

_________......;1n.

_________-....:in.

For impervious areas,
eN* • 99 (constant).

Equation for Tc:

Note:

rk Discharge:

. ·1.008 qA (acreS):~cfS.

I 645.33qA (square miles) : e.fs.

I (6 hour):

r 1 (1 hour): .L./'.c.::O~__""""""",---=::;.:...;~

I (2 hour):

~ (3 hour):

'111 Group(s): <&0 41/0 JS .;Lo D.k D Cover Type(s):'-urbat;-? \ awNS;
;

r:liVer Density (pervious areas): POQ r Impervious .Cover: 4-0% (fycure)

.. (5): <63'te, \ \99 (pervious & impervious areas) CN*(S):Q"'''JU"I\/l7.72Ms".Xi/i.z.'/ll,'3)''1<1
(turveJnumber) (adjusted 2[rve number)

.LOff to Rainfall Ratio(s), (e) (05,.4:'1) •Ui;J'U r 41/,i}pervious areas).iJ ,.'5") .","'impervious areas)

,~o£f Supply Rate (q): ,lf-I " (09) .7 (g i in~/~r. (function of 1)

Jme of Concentration (Tc): ·50 ) I.J.l )39.-i • ~/mins. (function of i)

i lerative Solution of Tc : If? ) 2.3) /9 -Mfh/mins.

Rainfall Intensity (i) a.t Tc : L /8) 't.:J..3) (Q,/t:kin./hr.

1LOff Supply Rate (q) at Tc : , lftg ) a.9,*, 4-.~1n./hr.



ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCA TION DATA

Highway ...,.... County---------

Location @ Gb\£ L,,vk's Roa.d
Project No. ~----------S,tation-' _

Nam.e of Stream. At <+.syy> vJQ..sb

DESIGN DATA

Design Frequency
Drainage A rea

Drainage Length

Elevation
Top of Drainage Area
A t Structure

Drainage A rea Slope

Precipitation
P = 6-hour
P = Z4-hour

DESIGN COMPUTA TIONS

:L 25 100 years
acres

Sd'Q acres
acres

7S"00 feet

21W
Qt~8Q

__~Qc...J'u<gol..:O~__·O/c

N/A
I

Precipitation P l = l-hour

Tim.e of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

/,0 '7,3 3,0 inches

Tc L/.~ m.inutes

i ItZ 2,1 3.5 inche s /hour

Cl Q,lf 0.7 O.g
C z
C3
C

::J 5D) 92'3) flf5~ cfs

Com.puted by~, Ze\ \e.'c (;:'LA\- Date _

-36-
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ft.

ft.

Date:

= (pY,.3 '1 I

=

=I w

nbw=_~Q~.~o~3.c.;Q;:,c~_

qadi;)

Cw

Weighted Watershed
Average

ft./ft.

Subarea 2

+ 33 2.9<0 + :;L$"" '7 (3
) )

Change in Elevation Factors - ft.

~LA

Company:

Subarea 1

Ci ty of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location:__8.hie.rnoY\ \A }a....5b'-- _

Length from center of Watershed Area (L ), along L : --';)..;-..:~i~S_=-:.::oO~ _
ca c

Change in Length Factors - ft.

Watershed Type(s)
(lis of Total Area): Mod. (leba,.) ( 100°(0),

Basin Factor (n
b

) : 0.030 (St. Flov..J)

Imperviousness (lis): l{Da!lJ

Runoff Coefficient (Cw) :_--"O...:;..L,..J7r...:5=- _

3 3
(t.Ll ) J.R1, 4-9t, I QOO t.Hl :_~/O"",--_ t.Ll / t.Hl ..J.;t~]'~)r-1L.45.J.._4J.)oI;(p~D::.:O::::--

6L2: ;),,700 (t.L2)3 I~LY.3gq X. \0'0 t.H2:_....d!:Oll:JIl!k-_ t.L~/t.H2 ',!OK,591J)909
3 10 3

t.L3 : ;:) :l4Q (tll,3) I. t 'l.~9 X \ 0 t.H3 :_..2./_7L-_ t.L3 / t.H3 -l"iIa{,l<!..o~l-r))L-y...L.~Z+\..o..lS=L-Zu.~g!--_

I - (:~ j' + (:~~r+ (:~:r= ~3~ 2

For Other Return Periods: 2-Year lO-Year 25-Year 50-Year

Ratio to 100-year Peak: 0, "L.o 0, 'f5 o. <'e S- Q, -g~~

Q (cubic feet/second> : ;l5& 575 231 I08G

Drainage Concenbration point:__~~~·y~~~~e~d~Y4~QL~~jT~1S-u\~v~~d~~!---------------

*Watershed Area(A) at Drainage Concentration point: -a;)~~~Lt~~ acres.

Length of Hydraulically Longest Watercourse (L
c

) : ....S.....L..'Ru~OOC:J. _

1-

2,

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

Z-Factor (Z) = 0.4440. (L L )0.3/ (5 C )0.4. = -L/~s:~.02L1 J~~l:l:~e~t!!l!!!!oete)
ow c ca c w

14. **Time of Concentration(Tc )' determined from Table III: ~~~()~__~minutes'fy~Y:e)

At T , 100-year Rainfall Intensity(i) = l2/(1+0.05T )=__~~~.()~~()~~-inches/hourc c
100

100-year Flood Peak (Qp ) = CwiA= 0,75 x Co.DO x :l..~y._= 1~18

17.

il
11
'I
:1
;1
'I
-I
I
I
I 10.

IlL
113.
I 15.

_1 16•

I
_I­
ii

'I Jf\.£, Ze.ller

1



HYDROLOGIC DESIGN DATA SHEET
RA TIONAL METHOD

Highway__~__~ County_--_-----

Location @ S~=eec:L",agE\ "d.
Project No. -,Station,----------

Name of Stream As-hU:.S;=\ORk\. Wa.s.k

-36-

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

Design Frequency ;L ;}.5 100 years

Drainage A rea Al acres

AZ ;LX L/: acres

A3
acres

Drainage Length SgDO feet

Elevation
Top of Drainage A rea ~533 feet

A t Structure 2t/:8lj. feet

Drainage A rea Slope 0,8lf o/c

Precipitation
P =6-hour pIA inches

P =24-hour
I inche s

DESIGN COMPUTA TlONS

Precipitation P l =l-hour /,0 2,3 '3,0 inches

Time of Concentration Tc 3ct minutes

Rainfall Intensity i I, L/- 3. I q., I inche s /hour

Runoff Coefficient Cl o,lf D,7 O,~

Cz
C3

Weighted Runoff Coefficient C

Peak Discharge Qp =CiA = /59 (pItt, q32 ds,

Computed by--ftL-E I :2e L\er lSr...A)- Date

DESIGN DATA

LOCA TION DA TA

I
11
'I
il
;1
I
I
I
I
I
'I
~I

:1

I
;1
,I

'I
II
I
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ft.

ft.

I = /0 D,4
W -----'-"~~---

O. G,5

Weighted Watershed

Average ~dut"e.)

nbw= 0,03'-1-

C
w

397.5' cfs(future)

Subarea 2

Change in Elevation Factors- ft.

6L l : 1000

~L2: LfJiOo

Change in Length Factors - ft.

(6Ll )3 3,43 X IQ II 6Hl : IDa 6Li/6Hl 3.,4:-3Q) ooo} 000

(6L2 )3 3.5/3£1 X 10'0 6H
2

: IDO 6L2
3

/6H2 ~51 cgY.O 000
)/

AL3 : ;:>300 (6L3 )3 /. Z/~7 X 10\0 6H
3

: /00 6L~/6H3 121, (pr-]QJ 000

(3')' (~3! (~3i6L
l

6L
2

6L
3

I = 6H
l

+ 6H
2

+ 6H
3

= 5K,5'toto + :l9, I~ (p + ~030 = en) 78::L

Mean Slope (Sc)=(L
c
/I)2= (0.1387)2 = o,ottz ft./ft.

Ci ty 0 f Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Project Name and Location: An k-la,M. Wa.sb__-'-- ~

Drainage Concentration Po int: AV\ k-4\-"a.""'-L.:M'""'__1<'--"-'O,£""'o..d=o,- ~ _

Watershed Ti~e(s)

(% of Total Area): Eu t:a..,L (roD ro )
Basin Factor (n

b
) : 0,034-

Imperviousness(%): -L~~t>~04~O~ __

Runoff Coefficient (C ): O. (P5w .=.;:..:_loI:::-:==- __

Subarea 1

*Watershed Area(A) at Drainage Concentration point: l~~=~~~~()~ acres.

Length of Hydraulically Longest Watercourse (Lc):-------~l~2>~)r~~~()~()~,~-------

Length from center of Watershed Area (L ), along L : " S 50ca c ~---t

Z-Factor(,Z) = 0.444n
b

(L L )0.3/(S C )0.4 = '"' "'I L"'I (future)w c ca c W ---'al-cl;a""c__.c..'4'...fopL.:~ _

**Time of Concentration(T
c
)' determined from Table III: ~:?2~~:?~ minutes(future)

At Tc ' lOa-year Rainfall Intensity (i) = 12/ (l+0.OsTc)=---Lh..4~,-=f)=3""----inches/hour

100
lOa-year Flood Peak (Qp ) = CwiA= O,(P5 x '65'"3 x 1350 =

l.

2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

I
il
II:

;1
,I
,I
:t
I

"

,1 16•

9.

110 •

Ill.
12.

113.
,1 14

•

15.

Date:

50-Year

Company:

For Other Return Periods: 2-Year la-Year 2s-Year

Ratio to lOa-year Peak: 0, /0 Q,35 D,S£'

Q (cubic feet/second) : 39g 139/ 2/~0>, I

Prepared by:

17.

I
'1-

* A may not exceed 1,280 acres (2 square miles) in size.'I ** T
c

may not be less than five (5) minutes nor greater than sixty (60) minutes.

il~ ,e, Ze \l~r

I



DESIGN DATA

-36-

Nlf!
I

__--':J.;...~~O:.:::o::...---feet
___~J,-.$"-lQQ..::.:=~--feet

__.-.2.So<..L-IlL-1'---__o/c

/,0 2,~ 3,D inches

Tc 62- minutes

i I, I ;;L, (, 3,3 inches/hour

:J. ;JS: 100 years

Ai acres

A2 13SQ acres
A 3

acres

/3700 feet

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

Rainfall Intensity

Time of Concentration

Runoff C oefficie nt

Precipitation Pi =i-hour

Precipitation
P = 6-hour
P = 24-hour

Drainage A rea Slope

Drainage Length

Elevation
Top of Drainage A rea
A t Structure

Design Frequency
Drainage A rea

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Highwa y_--r- ---=-----------County---------
Location Ank\ Q,(y\. BQa.s!
Project No. -------Station,----------
Name of Stream--'1u:V\Jo..k1:),...,l\ua.M~l.......:\I.'k1loLJo:Q"ioI,.is~..t:b1.- _

Computed by M. E, 2«\\e.r ($LA~Date _

DESIGN COMPUTA TIONS

LOCA TION DA TA

11
'il.. ,

II
"

-I
;1

I
I
I
I
I
I
;,

I
'I
'I
I
I
I



T U C SONSTU DIE S

Recording Rain Gage
Non-recording Rain Gage
Recording Streamflow Gage

H Y D R 0 LOG Y

._-----------.---_._-------------------,

URBAN

r;::=======::===========- -=============:::::;,

~==='="===;1~

+
I8l

"

I

I

I

:1
"

I

I
'·1

I U N I V E R SIT Y o F ARIZONA



ft.

Date:

~318

50-Year

C = O.].$'w ----';.....:.......;-'-='---

nbw=_.3000D~.~o~;t....7...__

I = yo %
W ----'-~+-I->=<--

o.t.£

25-Year

Weighted Watershed
(, ) Average

Subarea 2

Q.1.fS

/ZZ7

la-Year

Change in Elevation Factors- ft.

S L E\__-"'----__-------- _
Company:

(/OQO/O) --

2-Year

o.;lD

Subarea 1

;;l. I L. tiD 1/ M l : 50

4-. 3}Il~ X ID 1\ 6H2 : 'lO

6Li/6Hl 1./:.52 X /0q

3
6L2 /6H2 ,) 0.1 \) O~S )1 \ 't

3______________6H
3

: 6L/6H
3
---------

City of Tucson
Hydrologic Data Sheet for COmputing lOa-Year Peak Discharge (Q~OO)

Project Name and Location: ArCGLd \ 0... \"".J""....o........S....b"-'I.- _

Drainage Concenbration Point: CCa'1t.co-\-\: Rod

Change in Length Factors - ft.

Runoff COefficient (C ): O. '15w ----'::;;..;.......;..;~---

+ ~::f = t:. 5 ,'J;t:J + :J5 1
1"10 +--~-=~

Mean Slope(S )=(L /1)2= ( Q,093Cb)2 = O,OO~~ ft./ft.
c c

Watershed Type(s)
(lk of Total Area) :~, l1rbo.u

Ratio to lOa-year Peak:

Basin Factor (nb ) : 0.0;1,,] CSolY>e :r:. C.)

Imperviousness (lk) : 4-....\,.",,;0_·+.1.....0 _

Q Ccubic feet/second>:

For Other Return Periods:

*Watershed Area(A) at Drainage Concentration point: ~~ acres.

Length of Hydraulically Longest Watercourse (Lc): ~\~~~)~6,Q~()~-----__ ft.

Length from center of Watershed Area (L ,), along L : --"CO~4~(D""Q>oc~O.c..-----ca c /

Z-Factor (Z) = o. 444n. (L L )0.3/ (S C )0.4 = -':l~I...J.•..:..1L;l,::ak Jr.(~f'cil:i'lAs*1K'y;;e..rQ)
~w c ca c w

**Time of COncentration(T ), determined from Table III: :3~ minutes(f'ci~1K'etc ----~~---

At Tc ' lOa-year Rainfall Intensity(i) = l2/(l+0.OSTc)= b?~~.~~~~~,~-inches/hour

100 /I /
lOa-year Flood Peak (Qp ) = CwiA= D/15 x 'ftl42 x r") 31

2.

8.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.

'
10

•

'll.

9.

I
,Ilo
:1 3.

il 4.

5.

;1 6.

;',
I
I
I

113.
;,,14.

'"'. 15.

.1 16•

I
_1_'

'I
I --.M IE. £e \l-e-r

I
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LOCATION DATA

IJIA
I I

::z.s 100 years

'2lz70
::JS:SO

1.0 2=.3 5,0 inches

Tc 7tJ. minutes

i 0.9 2.0 2.(, inche s Ihour

Cl 0,4- 0.7 0.<&
C 2
C3
C

;113 UoZ 1f,37cfs

Drainage A rea Slope

Drainage Length

Design Frequency
Drainage A rea

HYDROLOGIC DESIGN DATA SHEET
RA TIONAL METHOD

Precipitation
P =6-hour
P =24-hour

Elevation
Top of Drainage A rea
A t Structure

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

Highway County_- _

Location@ C.r~ <:. roC±- Ro o...d
Project No. Station

----::-----:-----~--- ---------Name of Stream J\ rs.a.c! '5& Wa..s\o

Precipitation P l = l-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

DESIGN DATA

DESIGN COMPUTA TIONS

Computed by M! e;! Ze.1 \e..t (~LAJ Date _

:1
II
[I
,'I
·1
'I
I,,
I
I
:1
I
,I,
I
I

;"1'
'" ..

I



r GUi'

/
/

!
.I



ft.

Date:

0,8S

/252

50-Year

C = Q.'J~W """"'--1.-= _

Weighted Watershed
Average

3('8'1L.
j
OOO ,ODO

3,b1 ~15"S'D I'J 3 '1

ft./ft.

Subarea 2

Q.QO~I

Change in Elevation Factors - ft.

~LA

Company:

(6Ll )3 :g,SI'&'+ 'k (L6Hl:_"':::;~;;;"::;t.=,,--- 6Li/6Hl

3 (f 3
(6L2 ) 2 :Y3>1 4- )( l 0 6H2 : '1 <c 6L2/6H2

(6L3)3 6H3 : 6L;/6H3 -----_.:....-_-

(:: f + (::r

City of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Project Name and Location:~C:~~e~~noQ~e~~1;~e~~t~~~~~~~~ct~~~~~ ---

Drainage Concenuration point:~()_~~L~a~c~\~e~__J?~O~~C6~d~~ _

Change in Length Factors - ft.

Mean Slope (S ) = (L /1) 2= (0. O~'1 ) 2 =
c c

Basin Factor(n
b

):

Subarea 1
Watershed Type(s)
(% of Total Area) : Mod. UrbaN ( 100 °(0 )

0.030 (St. Flow)

Imperviousness (%) : --4=~o::...-o+-/¥o-------

Runoff Coefficient (C ): 0.'1 $""w _~=-=~_...J....:=-- _

Z-Factor(Z) = 0.444n. (L L )0.3/(S C )0.4 = ~:J.!J\l..:.~3.;g,(pIL-_"""'""- +(~f~~'E~~~e)
DW c ca c w

For Other Return Periods: 2-Year 10-Year 25-Year

Ratio to lOa-year Peak: 0,20 O!lf~ 0, (p~

Q {cubic feet/second>: 4-~ /033 /tfCJ2

*Watershed Area(A) at Drainage Concentration point:~ ~<O*W~.w()~ ----__acres.

Length of Hydraulically Longest Watercourse (Lc ) : ...JIL.-O=....l)~S=...:(p*'~O~------- ft.

Length from center of Watershed Area (L ) ,along L : ....S=!.....:O~,.,..L~O.c£_ _ca . c

a. 6L
l

: Lf:40Q
b. 6L

2
: to (lpO

c. 6L
3

:

( 3 f7. I =6Ll +
6H

l

8.

prepared by:

12.

17.

il
'-;, l.

2.

fl 3.

:a ::
,I 6.

I
I
I
I 9.

I 10.

Ill.

l13.
11 14. **Time of Concentration(Tc )' determined from Table III: :5~,~ ~hminutes(fy~~e)

15. At T , lOa-year Rainfall Intensity(i) = 12/(1+0.05T )= Lf~.~~~I inches/hour
c c

100
'16. lOa-year Flood Peak (Qp ) = CwiA= 0."]5 x 4-.11 x (.,50 = a~2~~~~9~<a~S5CfS (fY~~e)

I
-:1-

* A may not exceed 1,280 acres (2 square miles) in size.-II ** Tc may not be less than five (5) minutes nor greater than sixty (60) minutes.

I
I



_ 1uL"""o~ _

Incremental Change in Elevation (Hi) - ft.

Center of Gravity (Lca):__~~~,()~_7.L)~__ft.

PcFen f'vtETt\-oD
HYDROLOGIC DATA SHEET

I n Slope (Sc): D. DOg I ft./ft. Watershed Type(s) :.lYudeD:L-\£\~ Urba)J ffycYl'e)

B sin Factor (nb): .D30 6?t .Bow) (f\lC\lI'~) Flood Frequency: ;z., .:J..5 100 yrs.

cllcrem~ntal Change in Length

Lj40Q

I
\1
:{)roject Name and Location: Ce r:,.e..+erj \.J.LlJ:Q.-....~~..k:\o~ _
i~~a~~~~ttat~n~bt:_·~@~_~O~r~~~c~.·~\~e~·~R~Q~~~A~. - _

ttlfershed Area (A): (O;>() acres/8~uar8 .iles.

:~ngth of Watercourse (tc): !OJ SCaD ft. Length to

(Li) - ft.

I__----'(~()..£..:ll(p.:;.=O~ _

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

3.0 in.

___________1n.

t (24 hour) :. 1n.

". (6 hour):

i ..1 (1 hour): t 0

Areal Value:~-------------------.:in.

Areal Va1ue: ___.:in.

Areal Value: ~ in.

For impervious areas,
CN* • 99 (constant).

Note:

I (2 hour): in. Areal Value: in.

P3 . (3 hour): in. Areal Value:. ___.:in.

'11 Group(s): ~O b/.e B., 20 ~/o I:> Cover Type(s): l1.r:h C1.JV La..w V\ S

Cover Density (pervious areas): So r; . Impervious ·Cover:~U"tl:Re)

.•s) : 13 9!. <1 '1 (pervious & impervious areas) ClIO (s) 'tJ,.... ,!IoJI 8131jXat.tI:l1...:13.•3;) 'fl
)(c~ number) (adjJste~ curve number)

10ff to Rainfall Ratio(s), (C) :'o~,. 't'1 ,.(pO),.2:1.,.f.,m)(pervious areas)",. 1''J~.9''(iUlpervious areas)

R,unoff Supply Rate (q): .4-\ I' l,e\ ) ., te i in./hr. (function of i)

. - 4
:.. e of Concentration (Tc ): 14-) <eO) 51 i • ~/mins. (function of i)

I
rati~e Solution of Tc : 3.2. ) 3~ ) 31 ~/mins.

R.a nfal! Intensity (i) a.t Tc : 0.71)3.1:1.) 1f.1.r/3 in./hr. Equation for Tc :

~tff Supply Rate (q) at Tc : D.3.2.,):l.IS,3.S~in./hr. Tc.!!h. (Ls;Lca)·3 q-.4 hours.

50 (Sc).4
leak Discharge:

11.008 qA (acreS):~cfS.
1645.33qA (square miles) : ~cfs.
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LOCA TION DA TA

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

.g tf2L1:
23::L.!..P

__.....lOllool:::.L.'q.L-~3~_o/c

A/In inches___~L..._--

inches--------_----:

/'0 2,5 3.0 inches

Tc 52 Ininutes

i /.0 &,3 3.0 inches/hour

Cl O.y 0,7 O,g
C2
C3
C

;lieD IOLfl 15fR° cfs
I

2. 2.5 /00 years

Ai acres

A2 "$0 acres
A 3

acres

/(2 5<fz° feet
I

Weighted Runoff Coefficient

Runoff Coefficient

Rainfall Intensity

Time of Concentration

Precipitation Pi = i-hour

Peak Discharge Qp =CiA =

Precipitation
P =6-hour
P = 24-hour

Drainage A rea Slope

Drainage Length

Design Frequency
Drainage A rea

Elevation
Top of Drainage A rea
A t Structure

Computed by~ lE, ZeJ\e..r C?l::&J.- Date ---------

DESIGN COMPUTA TlONS

II''.

-il
1t
:1
;1
I
I
I
I
I
jl
,I
-I
I
:1
;1

I
I
I





Ci ty of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

project Name and Location:__~C:~~~oL~\\~a~·__~\N~~~~S4\o~4- ~ __

Drainage Concenbration point:__~c;~~t1?~k1~S~e~·~VJ~~D~D~c;_~~__F2~L)~O~c~\~ _

*Watershed Area(A) at Drainage Concentration point: ~~~1~~~~ acres.

ft.

Length of Hydraulically Longest Watercourse (Lc):---------:J~~CO~()~,,~.------------ft.

Length from center of Watershed Area (L ) I along L: ....3....Llo{p....~Q~O""'__ _
ca c

Change in Length Factors - ft. Change in Elevation Factors - ft.

O.QaGz9 ft./ft.

+ = '!Ie) 303

__,-",--",--_ 6L~ /6Hl l. 3.;2.~§ X lD9'

--L---=_ 6L;/6H2 '17
J
(P5~J ::LSD

3
____ 6L3 /6H3 ---------

6H
l

: {DO

6H2 : //PO

6H
3

:

6Ll : 5100

6L2: ~500

8.

Subarea 2
9.

Subarea 1
Watershed Type(s)
(% of Total Area): Mod, llebao.> ~u.n~..\

Weighted Watershed )(5" D/o ) Average ~cture

Basin Factor (n
b

) : 0.0;;) ;) 0.034=

Imperviousness (%) : 4-0..:.....;;;..........O/t.,.o=--.__ 10 % I = ;;) 3« ;;l.. °lqw

12.

17. For Other Return Periods: 2-Year lO-Year 2S~Year 50-Year

Ratio to lOO-year Peak: O. \44- 0.3'\4- Q. scry. O,')qy.

Q (cubic feet/second): ~ 54:3 ~ _\053

Prepared by: Company: Date:

__M.. S. 2e.t \e..r ~L1\........~ __



HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

-36-

Highwa y --'-...,.,.... County _

Location @ G te-q..seLJDQd........~R:::.Jo"lCL~d=-----_- __-----__
Project No.. Station
Name of Stream=oc1-o-'-'-a--'-A-llL-g..,.\o----- ---------

I '-----------------

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

LOCATION DATA

D~SIGN DATA

Design Frequency :2 U 100 years
Drainage A rea Al acres

AZ ::173 acres
A3 acres

Drainage Length 7/POQ feet

Elevation
Top of Drainage A rea d..'] 4:0 feet
At Structure :2t+~D feet

Drainage A rea Slope 3.L.fZ o/c

Precipitation

AljA,P =6-hour inches
P =24-hour inches

DESIGN COMPUTA TIONS

Precipitation P l = l-hour /.0 2,3 3.0 inches

Time of Concentration Tc ;2,,& minutes

Rainfall Intensity i /.7 3,1> S,O inches/hour

Runoff Coefficient Cl 0,3 D.~ Q,7
C 2
C3

Weighted Runoff Coefficient C

Peak Discharge Qp =CiA = /39 '22 95<1< ds

Computed by M Ie, ZeJ\e.r ~LA) Date

;11

'I
:1
:1
;1

I
I
I
I
I
I
:1
'1
I
·1
I
I
I
I





ft.

acres.

Date:

Weighted Watershed
Average(

Subarea 2

Change in Elevation Factors - ft.

Company:

Subarea 1

(t;L; \1
\~ = 32'3 +.5:7;2()/ + = (P2t %lf-

( 0, D'l/(P )2 = O.008/f ft. /ft.

(ilLl ) 3 K$" I I 84=, 000 6Hl :__~..;;:;__ ilLi / t;Hl ......,'-"o::-,.....<....Q ....4.....2><-t,-=OOO="-=-__

(t;L2)3--.L.:tlZO >< \0 l\ t;H2 : Y-2.. t;L~/t;H2 3,SOY:)1\"5) l4-3

(t;L3) 3_--'- --'t;H
3

: t;L~/ t;H
3

- _

~:~H +

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and LOcation: Co\ulV\bus WW!t......S~h..... _
Drainage Concenbration point:~C;~~r~~~~~~:t~'_:E(~'~o~ow~~d~ _

Change in Length Factors - ft.

Basin Factor (nb ): 0.030 Cst, Flo\.l.))

Mean Slope(S )=(L /I)2=
c c

Watershed Type(s)
(% of Total Area): Mod, Urb.AN( [00.0/0)

Imperviousness (%) :----'fo-f-J-c....r:;:-JiQ"--­
Runoff Coefficient (Cw) :_---JO..u..._7~S,-__

For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: 0,20 0.% o. 'S O.~S-

Q (cubic feet/second> : /5/f 3l.J-.7 50::L ~5to

*Watershed Area(A) at Drainage Concentration point: l-1(p
Length of Hydraulically LOngest Watercourse (L ): ~~~1w42~~()=-· ft.

c·

Length from center of Watershed Area (L ), along L : :3SOOca c -----'-.0-...::::.==-------

c • ilL3 : _

I = ~:~r +

2.

4.

7.

8.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.

,I
I I.

I 3.

I 5.

I 6.

a. ilLl : 'I:'fO

:1 b. 6L2 : 52g0

;1

I
I

9.

1 10 •

Ill.
'1 13• Z-Factor (Z) = O. 444n. (L L )O. 3/ (S C )0.4 = -tI'--~5"l..:J.(P~8L -"--_~..{~€l:1t:Nt:~l:1:E'a;'eTeTow c ca c w i

14. **Time of Concentration(T ), determined from Table III:__.....D.d!!o...s.I ....;;minutes (f101~1oY::'Q)

'II 15. At T , 100-year Rainfal: Intensity(i) = l2/(1+0.05T )= ~!5:-u~~~fL~ inches/hour
c c

116. 100-year Flood Peak (Q~OO) = CwiA= O.7S' x 5:85 x /7{P = ~5!7(s7~~4~~C.fS (fl:1t:l:1:E'e~

I
-'1-·
'1
I -.M IE, Ze l-L.\f._",-t -..:lS~L.A~ -- - __-----

I



NIA
I

.2l1:5:2
d 5"0;t

__.-liIIIQ::...:.uy.~'7~--a;c

1.0 2,3 3,0 inches

Tc 3Z Ininutes

i /,If 3.2, 1./-.1 inches/hour

Cl 0,4- Q,1 Q,~

C z
C3
C

q1 39lf 511-cfs

,2 2.$" 100 years

Al acres

A2 17M acres

A3
acres

572.0 feet

Peak Discharge Qp = CiA =

Rainfall Intensity

Weighted Runoff Coefficient

TiIne of Concentration

Precipitation P l = l-hour

Runoff Coefficient

Precipitation
P= 6-hour
P = Z4-hour

Drainage A rea Slope

Drainage Length

Elevation
Top of Drainage A rea
A t Structure

-36-

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Design Frequency
Drainage A rea

Highway ~-----------County---------
Location @ Gro..n± Rood
Project No. -------Station-----,------

NaIne of StreaIn Col'lMbq.,S tJJasL"

COInputed by M,E:, 2.eUe.r (5LA~'Date..... - --

DESIGNCOMPUTA TIONS

DESIGN DATA

LOCA TION DA TA

11
,I
I
I
,I

I
I
I
I
I
I
I
I
,I

I
'I
I

\,

I
I





----L;M~·.L.JIE-........, --,7..=~e..:..;,.l~(e.=.J...t: S>_..L-..l.h\...1- ---- _

ft.

cfs(future)

nbw=_....0'-'-.....0=3::..;:0"-_

I = 23. ~0/ow - ........"""""'-'--<-""--

c:= 0/710w --'""""-..........-'-="---

Weighted Watershed
( gO. S"%) Average(t.utu~e)

0,70

Ave..

Subarea 2

0.032

Company: Date:

£sl-e Wa.sh
B 0 YlQ.V13 a.-

2-Year 10-Year 25-Year . 50-Year

Q, Ltg 0.4:/ 0,(,1 ~

5~l/- 1L/='15 ;2~2.-5 d954=

(2 square miles) in size.
(5) minutes nor greater than sixty (60) ,minutes.

Subarea 1

Ci ty of Tucson
d 1 . D t Sh f Co t· 0 k . h (QlOO)Hy ro og1.C a a eet or mpu 1.ng 10 -Year Pea Dl.SC arge ~

Project Name and Location:--'--'-"-'---''------=-''-'-----------------------

Change in Length Factors - ft. Change in Elevation Factors - ft.

ALI: l.f.ZOO (ALI) 3---..J. LfQ$~ X10'0 AHI : 100 AL{/AHl 1.40g~ X 10
8

AL2 : ~000 (AL2 ) 3 5.12.. )( lO" AH2 : / LfO AL;/AH2 3) ~S1 ) \ 4-2) &5 '1

AL
3

: $2.00 (AL
3

)3 >.SI~7 X10" AH
3

: /30 AL
3
3

/AH
3

4- ;;)..4-1 2'2. 30&
) ) -)

Basin Factor (n
b

): Q. 022-1

Imperviousness (ll;) : 4-0+-N~0-Jtwo~ _

Runoff Coefficient (C ): O. 75"W __--100_~..L...:::::...- _

I = ~:U + ~:::r + ~::r= ~"1,:L \q + (,,0I~ '1 '\- + (.$ P ~ = IS 2 I Yll \?

Mean Slope (Sc)=(L
c
/I)2= (Q./33S')2 = 0.0/1g ft./ft.

Watershed Type(s)
(ll; of Total Area): Mod. Ur'tw-N ( /9,5 %>

Ratio to 100-year Peak:

For Other Return Periods:

*Watershed Area(A) at Drainage. Concentration Point: / / 7 ~ acres.-------=---....:-,..;:...--------
Length of Hydraulically Longest Watercourse (Lc): ~~~~)~st~LJ~()=------ft.

Length from center of Watershed Area (L ), along L : or (p DO
ca c -------..:-=----------

1.

2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

11.

10.

Z-Factor(Z) = 0.444n. (L L )0.3/(S C )0.4 = ---loo:;?~3~.:....=~;.Jo;2,=:._ (future)
ow c ca c w

14. **Time of Concentration(T
c
)' determined from Table III: ;S~~=- ~minutes(future)

At Tc ' 100-year Rainfall Intensity(i) = l2/(1+0.05Tc)=----~~,~:5~Ge~---inches/hour

100-year Flood Peak (Q~OO) =. CwiA= 0,11 x if,3 (p x 1/7'8 = 3 <e tf'7

12.

13.

15.

'I
Q (cubic feet/second):

ia- -- -- -- -- -- --
* A may not exceed 1,280 acres

I
** Tc may not be less than five

prepared by:

I
I

\1

I
:1

I
I
'I
I
I
I
I
I
;1

I
116

•
17.



ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCATION DATA

Highwa y__~~ -r-- County _
Location @13ar1anACl<A....,II....e;:;;-:,. _
P roj ect No. ----,-..,...-__-r-.-....,,-- Station _
Name of Stream__EII=::"SIOiI-L+_e..:=:·:......JWo::.:·"'"";_5oa.<h~ _

DESIGN DATA

Design Frequency
Drainage A rea

Drainage Length

Elevation
Top of Drainage Area
At Structure

Drainage A rea Slope

Precipitation
P =6-hour
P =24-hour

DESIGN COMPUTATIONS

Precipitation P l =l-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

.2 as 100 years

Ai acres

AZ 717$ acres
A 3 acres

;]0/ L/<JO feet

:JQZo
~ulO

f, <g/

AJj)1 inches
inches--------

{,f) 2.s 3,D inches

Tc 7(P minutes

i O,i I,q :2,5' inches/hour

Cl Q,3 0.(, Q.7
Cz
C3
C

Computed bY-M, Es Ze..\\~t ·C?LAL Date _

-36-



il
:1
'I
'I
,J

I
I
I
I
I
I
'I
'I
:1

I
'I
'I
I
I



ft.

Date:

n bw=_....O'-L..=O~3",,-,2........_

I = :2 0 C'!tJ
W ---'-"-7'.'-"'---

Weighted Watershed
Average

:2 I 00'8 ,12-'t I 5'7 I
y. ZCj?G, R7~, 000

, I ,

Subarea 2

0,023 cg ft. /ft.

Change in Elevation Factors - ft.

CZ>LB:......- ..,...- - __--

Subarea 1

0.032-

+

II 3
--+!f::..L1-=:'2..:::.,./g~,.;;..g..LX~IO~_lIHl :_2""-4/,-,,0,,--- 6Ll /6Hl

<&,5;138' X 10" 6H2 : ;;'00 6L;/6H2
3_________6H): 6L
3

/6H
3

_

Ci ty of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

project Name and Location:Jt=Ie..Ylc\ \:1 \), \w\....~"""7l·\-"e;;;.,rl'---'W"CO<. .....o ...·""'>..z.b-L-- _

Drainage Concentlration Point: '\US-t o..bo\le R, \ \ ,tQ lG.......,.."...;:~:.\".:...- _

Change in Length Factors - ft.

Watershed Type(s)
(% of Total Area): SuburPgf» CI00 % )

Basin Factor(n
b

):

Runoff Coefficient (Cw) :_~Qo:;...L'....i~L..,;O::=:-· _

Mean Slope(S )=(L /I)2= (0, (54-1)2 =
c c -

Imperviousness (%) : ...La~o~°.,e..'t-,Q," _

Z-Factor(Z) = 0.4440. (L L )0.3/(S C )0.4 = --"':J....~Q"""'L.,;G,-...5=_ (future)
nw c ca c w

For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to lOa-year Peak: O./~ O.@ O.~O Q,go

Q (cubic feet/second): 3~Y- 102/./= /S3lo :2.04-8

*Watershed Area (A) at Drainage Concentration point: --I'1L..:<O~Z!:loo!.__ ~acres.

Length of Hydraulically Longest Watercourse (Lc):----~'~~Ir():·~()()~~ ft.

Length from center of Watershed Area (Lca) , along Lc:--~~~+)'l~()~()~-----_

4.

B.

12.

17.

II
t'

~I I.

2.

)1 3.

'I 5.

I 6.

'I
·1
I
I 9.

110.
Ill.
:1 13•

14. **Time of Concentration(T ), determined from Table III: :3C2 minutes (£uture)

:11 15. At T , 100-year Rain£al: Intensity(i) = l2/(1+0.OST )-=_-_-_-_~~::.:g=()======inches/hour
c c

100 /116• 100-year Flood Peak (Qp ) = CwiA= 0.']0 x u.gO x 7<tJ2 = $!!i5~2~5~lP~O~5CfS(future)

I
-!I-

* A may not exceed 1,280 acres (2 square miles) in size.II ** T
c

may not be less than five (5) minutes nor greater than sixty (60) minutes.

Prepared by: Company:

I ~, 2e. U...Jlloe.......t'--:~ _

I



DESIGN DATA

LOCA TI0N DA TA

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

:t13D
d3;LO

__.£ild.......,t....'+L..<I__Ofc

A1IA_~inches
inches-----------

:l. ?.5 (DO years

Ai acres

AZ 11o~ acres
A 3 acres

17}OOO feet

/,0 2.3 3~D inches

Tc 5CZ minutes

i ;,0 2,3 3,0 inche s /hour

C l D,a, Q, (, Q,1
C z
C 3
C

15~ {052 ,/poo cfs

Date

-36-

Drainage A rea Slope

Elevation
Top of Drainage A rea
A t Structure

Precipitation Pi =i-hour

Drainage Length

Design Frequency
Drainage A rea

Precipitation
P = 6-hour
P =Z4-hour

Highway .....,.... County _

Location J\l~+ ahplle e \\.-40~ ve.r
Project No • .....,.... --:- S.tation _

Name of Stream Fru~ r"d \~ \), \\ ~<2. W()..blA

Runoff Coefficient

Time of Concentration

Peak Discharge Op =CiA =

Rainfall Intensity

Weighted Runoff Coefficient

DESIGN COMPUTA TIONS

Computed by IV\. &. ZcHe.r «;>LA)

:1
, .

'I
il
:1

:1
'I
I
I
I
I
I
;1

I
I
I
;1
:1

I
I
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City of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

ft.

Change in Elevation Factors - ft.Change in Length Factors - ft.

Project Name and Location:-l:\ I 3 b S c. "'po\ Wa..sh
Drainage Conceiltration Point: @ CJ~e{"\'=-) f\\l-Q. (G~e. ~\h J~~~-

*Watershed Area(A) at Drainage Concentration point: ~Ei~_:J~Lo~·'_ acres.

Length of Hydraulically Longest Watercourse (L ): 4~oI-'O";\0.......,0"""----,- ft.
c·

Length from center of Watershed Area (L ) # along L : 4-.r-wJ._-"'OO=::::..="-- _
ca c

2.

4.

8.

Subarea 1 Subarea 2
Watershed Type(s)
(% of Total Area): Mod. Urbo.N (\00 010)

•

Weighted Watershed
Average

Basin Factor (nb ): O,030($-t. Flow, f!\W\ ,1:.c~)L-.---------------~

Imperviousness (%) : d.....X"'-=-.~x_°~/....::o,,----....o...-

~w=_---"'0:::;.....:...,0;:;..3_=0::::...-_

I w =-';L~&:...:.,__=8:.-°..L./..:::o_

12. Runoff Coefficient(C): 0.122w _-....::~....:..JIOo=__ C = O.'1~w --=-.:.......:-=~-

17. For Other Return Periods: 2-Year lO-Year 2S-Year 50-Year

Ratio to lOO-year Peak: O.I1e?- Q.tfd.~ Q,<e.12. O. '2>cU..

Q <Cubic feet/second> : 3?>L 93Co 13J9~ I?'~~

Prepared by: Company: Date:



fc.

PCFcV (v\eT~
HYDROLOGIC DAtA SHEET

II
':1
. ;t'roject Name and Location:-H \ :?s\A S c..bil-lo,",-'"",<;>u\__"'~*""),L,ja,-,("",,Si!.J,\o~L..- _

,Iainage Concentration Point: @ C~e-'('"r!1 P:-y:f tl CGa.:ae.. ~l~J
{bil-b ) , ' "

:.tershed Area (A): (~81~ ./ acres/••un auuC4 7 as)
'!ngth of Watercourse (Lc): ): 100 ft. Length to Center of Gravity (Lea): If;)£)()

iltcrem~ntal Change in Length eLi) -ft.

3900

Incremental Change in Elevation (Hi) - ft.

so

yrs.

(fuc,,;:_)

hours.

It)

For impervious areas,
CN· • 99 (constant).

Note:

Equation for Tc :

.3 - 4Tc • ~ (L,Lca) q.
50 (Sc).4

Areal Value: --:io._____------io.

'1 __.....l.,;:1;2~o;;:;...::():::;.... _

;:]QOO

r: t> t> '? 7) L)'" 5

I an Slope (Sc): o,0023CZ - ft./ft. Watershed Type(s): t\AQd.en:rl-el'::) \\rk..:>
(de,) M.\"'-''""':t' .e r .

Basin Factor (nb): .030 CSt, £-low) (fliC\lJ!~ Flood Frequency: :L ~ 100

14 (24 hour): in. Areal Value:-,... ......... i.o.

)

1) (6 hour): in. Areal Value: in.

i '(1 hour): 1,0 z. . 3 3.0 io. Areal Value: in.-----------,.1 (2 hour):

P3 (3 hour): io. Areal Value: ......... .in.

l il Group(s): i()Olo 15 I .?p~;;' D Cover Type(s): UrbaN La.w f:.:)'~.
).. - (4'02-) - .'

l~over Density (pervious areas): Foa r: ': .-. Impervious 'Cover: J.~, CO ~h (f"t"ra)-

I(s): <]IS. J'L j9' , (pervious & impervious areas) 01*(5) ~7.1'1t.1I.ID,n¥'f,.<Il1!.,'D91(i) 91
i(curJe number) . (11djtisted curJ.e rfumber)

luOff to Rainfall Ratio (s) , (C) :(,b5'!'fll' (,()) 6~, ~~ .n)pervious area5)',(rr('7~.1tz(impervious areas)

'I)'moff Supply Race (q): ,32 , ' r. 'f) .73 i in./hr. (function of 1)

le of Concentration (Tc ): ~~) 5"2) Lf8 i-·~/mins. (function of i)

;rrative Solution of Tc : 12 ,31) 25:' -ft.H.../mins.

Rainfall Intensity (1) a.t Tc : ,$55 )3,%).s:Z./eio./hr.

t Off Supply Rate (q) at Tc : «1;1 ) Z. ~1 13.1>4: in./hr.

Peak Discharge:

il l •008 qA (acres): /5'1) /3 /~ J'lt3Oefs.

I

I 645.33qA (square miles) : ---c.fs.
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d..5DO
ri...4:d..O

0,c19

inches--------inches--------

:;>01 Gf33 IlfS2..cfs

a as roo years
Ai acres

Az 574 acres
A 3 acres

feet

1.0 2.3 3,0 inches

Tc 1J-7 minutes

i 1.6. 2.rJ 3.<0 inches/hour

Ci 0.3 0.<0 0,1_
Cz
C3
C

Drainage A rea Slope

Elevation
Top of Drainage A rea
A t Structure

Drainage Length

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Precipitation
P = 6-hour
P =Z4-hour

Highway -::-- County ----

Location @ Cl,.ert~ A,)e. C6o.sv: 9,d--e)
Project No. Station---------
Name of Stream~l,.--.lS~c:.,"",\Ab.il.Q~O.l.\~W~Q.......$u~c._ _

Design Frequency
Drainage A rea

Precipitation Pi = i-hour

Rainfall Intensity

Time of Concentration

Runoff Coefficient

Peak Discharge Op = CiA =

Weighted Runoff Coefficient

LOCA TION DATA

DESIGN DATA

DESIGN GOMPUTA TIONS

Computed by "", E, Ze\\e.r (~LA) Date _

I
;1
;1
I
I
I
I
I
I
I
I
I
I
I
I
I
I

(

\.

I
I



SCALE

O'c======'=I=.:/4=======iI1I2

MILES

NOTE: ENTIRE WATERSHED LI ES WITHIN
CITY OF TUCSON IN FULLY DEV­
ELOPED RESIDENTIAL AREA.

WATERSHED AREA: 0.9 SO. MI.

BROADWAY BLVD.

SPEEDWAY BLVD. II
~==========.

R-54
---++---

-­(f)+
181
'iJ

UNIVERSITY OF ARIZONA

1971

EXPLANATION

MAIN WATERSHED BOUNDARY
RECORDING RAIN GAGE
NON· RECORDING RAI N GAGE
AUTOMATIC WATER SAMPLER
FLUME

WATER RESOURCES RESEARCH CENTER AND
CIVIL ENG!NEER!~:G DEFARTMENT

HIGH SCHOOL WASH EXPERIMENTAL WATER­
SHED

;'1
;1

I
I
I
I'
I
I
I
:1

'1
I
I
'I
I
I
I



Ci ty of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (QIOO)

. ~

Project Name and Location:_Ma..'Vro. V\ <;k Grn.V\..d.e.. V\S-tCL Wa..s h
2.

ft.

4.

*Watershed Area(A) at Drainage Concentration point:~ \~ acres.

Length of Hydraulically 'Longest Watercourse (L ):_~~~ YH~~w()~()_·~ ft.
c·

Length from center of Watershed Area (L ) I along L : \900ca c ..L.-.......:::;...;::~ _

Change in Length Factors - ft. Change in Elevation Factors - ft.

c. llL
3

: _

I = ~:~r +

Mean Slope(S )=(L /1)2=
c c

~::r-;;20)1.3jl+ .:lY:, ;}O~ + = 4='±) '8 Lf-3

( 0.1010 )2 = 0.0 \ \ 5 ft./ft.

3 ,0 3
(llLI ) ~l. Q(P~ " \0 llHl :_....;l$=--_ llLl/llHl _4-.u;q{.C&·=S~)--l9-,=.2~o~)-=O:..::O::....O=---_

3 \0 3
(llL2 ) L1S'1t> 'f... 10 llH2 : ~O llL2/llH2 S-gS-,:E lot.. J toto '1

3 3(llL
3

) .llH
3

: llL/llH
3

_

~:::r +

aG.,OO

7.

8.

Subarea I Subarea 2

12.

Watershed Type(s)
(% of Total Area) :Moa. UrbaN «(00 0/ 0 )

Basin Factor(n
b
): 0.030 Cs-ct-"!:et £k,&.!) _

Imperviousness (%) : 4P...p.e-,.°/.....DL- _

Runoff Coefficient (Cw) :__~OLL.'_1~5~ _

Weighted Watershed
Average

n = 0,030bw _..loo_~-=-=';_=-_

I w =.;..--,4Q'-=-..,l~;/.,-,Q;.<;;..--

C = O,'1S
w ---=:::...:..'--'-=----

17. For Other Return Periods: 2-Year IO-Year 2S-Year

Ratio to lOa-year Peak: O.~O 0, Lf.S: O. CoS-

Q (cubic feet/second) : 1/3 :25.5 3&/7

50-Year

0,8S

48:1..

Date:

M..£.2el\er
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DESIGN DATA

27::LO
f)Jal.5

_--t!~'L.::.15=-__o/c

.J... ;l~ 100 years
Ai acres

AZ /()LJ- acres
A3 acres

¥<i!OO feet

10 2,3 3,0 inches
•

Tc 30 minutes

i /. <e 3.1 ~g inches/hour

Cl ~ 0.'1 0.<6
C z
C3
C

~cfs

Drainage A rea Slope

Drainage Length

Elevation
Top of Drainage Area
A t Structure

Design Frequency
Drainage A rea

Highway County _
Location @ .29 +~ S±ree± _
Project No. Station_~ _

Name of Stream Ma..ktA.\1 a. G ro V\ 6, \ hs.+n. l >JOws\,.

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RA TIONAL METHOD

Precipitation
P = 6-hour
P =24-hour

Precipitation Pi =i-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

LOCA TIONDA TA

DESIGN COMPUTA TIONS

Computed byjA, E. 'Zeller- C~Lf\) Date _

I
?

il
1

1
;1

I
'I
-I

I
I
I
,I

I
'I
I
I
'I
I
I
I
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Project Name and Location:_M~.,.!..;\~d",-W~Q.l6c..:::'jt-W~~o..~$L"'L.!- -_

Drainage Concenbration point:_~~~~~~e~~~6L\~N~~QL~~~_.rs~~\uV~d~. ___

ft.

Change in Elevation Factors - ft.

Ci ty of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Change in Length Factors - ft.

*Watershed Area(A) at Drainage Concentration point: ~l~D~5~~~~ acres.

Length of Hydraulically Longest Watercourse (L
c

) : q..&.·~O~(p:::;...;::O:.._... ft.

Length from center of Watershed Area (L ), along L : '+.!±-"'O~O:::: _
ca c -

2.

4.

(0 If/, fllb, 7 'J' 0
I

;J,!5'G J000 J 000

8.

Subarea 2
9. Weighted Watershed

Average

12. C
w

=_-=O;....l.e.-7.L.;S _

17. For Other Return Periods: 2-Year la-Year 25-Year 50-Year

Ratio to lOa-year Peak: O."Z-O O.lf~ O.~~ O. ~5"
-

Q <Cubic feet/second): lj-9Z 1107 15"7C[ :JD7'1,

Prepared by: Company:

SLA
Date:



N/A
I

Ql.s<eg
44=88

0, gg

2~CJ /llf.g /(,9,0 cis,

.:l 1S" 100 years

Al acres

A2 ~5G? acres
A3 acres

qoteo feet

/,0 2,3 3,0 inches

Tc 54: minutes

i /, I 2,6" 3,2 inches/hour

Cl O,/-!- 0,'] o,1L
C z
C3
C

Drainage Length

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Elevation
Top of Drainage A rea
A t Structure

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

Precipitation
P =6-hour
P =Z4-hour

-36-

Drainage A rea Slope

Design Frequency
Drainage A rea

Time of Concentration

Precipitation P l =l-hour

Rainfall Intensity

Peak Discharge Qp =CiA =

Runoff Coefficient

Weighted Runoff Coefficient

LOCA TION DA TA

DESIGN COMPUTATIONS

Computed by M. E. 7e.\1e..'r (sLA~ Date _

,

tl
il
II
,I·
:1
I~

'I
I
I
I
"I
:1
,I

.,
I
:1'
I
I





City of Tucson
Hydrologic Data Sheet for Computing laO-Year Peak Discharge (Q~OO)

2.

Project Name and Location:-lJ 0.\)0. ~O \1\ a ,(~b -,-- _

Drainage Concentration Point: tv\Ql1.!/'\±o \ N A\J€. G> t\e.A.S=lc:::....g D n " E...

ft.

(p9 J acres.

Length of Hydraulically Longest Watercourse (Lc): I~()~}T1~.~~()=------ft.

Length from center of Watershed Area (L ), along L : 5==....:3:::-'l.L..:=O::.- _
ca c

*Watershed Area(A) at Drainage Concentration Point:

Change in Length Factors - ft. Change in Elevation Factors - ft.

7.

8.

(lIL1) 3--""d......u.&L..1...5"'--')(~(:....;O;...'_I _6H1 :_-/.If-=G__~ lIL~ IlIH1 " 3 ~ <g I ~00 J DC> 0

(lIL2 ) 3 1.00tS"Z X (0 10 lIH2:_5__--"4"~'--- lIL2/11H2 -' I 2G-'1 J ICCo) l4-3
3 3c. lIL

3
: (lIL

3
) -=-- ~lIH3 : lIL3/11H3 _

I ~ t:~r + (~~: f + (~~:r ~ 7 9 ,j3Q + 3S81lo +---~= /15:) S2cP

Mean Slope{S )=(L II)2= (O,OQ30)2 = O,OQ~(p ft./ft.
c c

9.
Subarea 1

Watershed Type(s)
(% of Total Area): Mod. Ut'ba~ (lOODlo)

Subarea 2
Weighted Watershed

Average

Basin Factor(n
b

):

12.

0.0.2'1 (pas+"I,c..) _

Imperviousness (%) : 4J-l-...::o'--'°/~o _

Runoff Coefficient (C ): 0, 15w --=-::'-_..&....::~--

nbw=_.....O~,-=O::;..;;L~'1"'--_

I
w

= 4QL..~";jwo"'- _

C
W

=_..:=O::::....~,'7..L-:::::::$:.-_

Z-Factor (Z) = o. 4440. (L L )o. 3I (S C ) 0 • 4 = --...Jlu9.!..,~2~O~_--"- ~{+f'd~'6"\H"YO,,*Q)
ow c ca c w

minutes (fy,t:y,re)
----'"........'-----

17. For Other Return Periods: 2-Year la-Year 25-Year 50-Year

Ratio to lOa-year Peak: 0,1.0 0.4-5 O,~~ O.~~

Q <Cubic feet/second) : 534: /20Z ~ d2'JO

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

Prepared by: Company: Date:

l'A. , E ,2&, \ \ e r c;?LA
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DESIGN DATA

LOCA TION DA TA

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

a/I:7:J..
~371

__-,-,o,-£'-J,9:....'I=t-__o/c

A4/A i.nches
inches--------'

.2 .2$ /00 years

Ai acres

Az (,97 acres

A3 acres
(0.7'fO feet

)

/,0 2,3 3,0 inches

Tc tao minutes

i /,0 Z,3 3,0 inches/hour

Cl ..Q.,!f 0,1 O,~
C z

.
C 3
C

;J..r19 lin.. U/lads

Precipitation
P = 6-hour
P =Z4-hour

Elevation
Top of Drainage A rea
A t Structure

Drainage Length

Design Frequency
Drainage A rea

Drainage A rea Slope

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

Highwa y C ounty__--------

Location MQl1.whi\.\", ~e., @ He d.r,,:.k Dr:\",e
Project No. Station, _

Name of Stream b1aua.";; \J.)a.s\o

Time of Concentration

Precipitation Pi =i-hour

Rainfall Intensity

Runoff Coefficient

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

DESIGN COMPUTATIONS

Computed by-M. E.. Ze..t \ e.r (CbL~)_ Date _

I
il
LI
'I
,I
'I,'~. ...,

I
-,
I
I
:1
"

I
I
'I
il
:1

•
I





ft.

ft.

Date:

0,70

50-Year'

Weighted Watershed
Average

n bw=_...0..............Q"""'3...:..::o5""'--_

~, ~~inches/hour

Subarea 2

Change in Elevation Factors - ft.

Company:

Subarea 1

~::r = 5'6)$(.,{p + 4-'i,3:3 0 +----= IQ'l1 ~.k­
(0.\015>2 = o,Otl.k. ft./ft.

0,035

+

--=3~.If;;;s;.....S~'l..e:....J.I..:.O_\_\_ilHl :---'/UOL;O~_ ilLi / ilHl ~3=-a..'.....4-.-"'3~X"--L..10=-9__
\0 3

9.133<0 X \0 8H2:_...L-'-/-O~_ 8L2/8H2 :t,4-33
J
4W,OOQ

3
_________8H3 : 8L3 /8H3 ---------

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location:J\lM1>\!I\~ Wosk - --------_
Drainage Concent:ration Point:--R.±n-- :e,...,~cL.Q.;&.~d""__ _

Change in Length Factors - ft.

Mean Slope(S )=(L /I)2=
c c

Basin Factor(n
b

):

Watershed Type(s)
(% of Total Area):-No.hA r9..\

Runoff Coefficient (C ): O. <'eOw --~:,...!....;~~--

Imperviousness (%) : ~Oe-°-/<,Y.;....IO",- _

Z-Factor (Z) = O.444n. (L L ) O. 3/ (S C ) O. 4 = ---t2.L,·~3:5.....!...J::<augL ~(~f1i'l1i1::l:':l:~:a:ete}
ow c ca c w

3te

For Other Return Periods: 2-Year 10-Year 25-Year

Ratio to 100-year Peak: Q,OS 0,30 0.5"0

Q <Cubic feet/second): 10 4-20 ']00

*Watershed Area (A) at Drainage Concentration Point : 5:o-:<._4f.--'-f.L- acres.

Length of Hydraulically Longest Watercourse (Lc):-------./~/~J-(wa~()~()~-------

Length from center of Watershed Area (L ), along L :---'- Jf-+-5?U-"Q~O=:· ---ca c ~ -=t:.

2.

a. 8L
l

: 7QOO (ilL
l

)3

b. llL2: %00 (8L
2

) 3

c. 8L
3

: (8L
3

) 3

I - ~bLir (~l7. +
8H:8H

l

8.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.

I
'1'1 L

[I 3.

4.

il 5.

;1 6.

I
I
I,

9.

, 10.

'IlL
;1 13 .

;1,14. **Time of Concentration(Tc )' determined from Table III:

15. At T , 100-year Rainfall Intensity(i) = l2/(1+0.05T )=c . c

'116. 100-year Flood Peak (Q~OO) = CwiA= O.Cao x f./....2C} x Slff./.. = ~§/54-~O~O~~CfS (f1it:Q£e~

I
-'I-
I
I
I
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DESIGN DATA

LOCA TION DA TA

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

30?lo
d ..CJ3 (,

1.2/

____N/ll
I

inches
inches---------

;2 2S tOo years

Al acres

AZ Sl./4- acres
A 3 acres

1L,~oo feet

/.0 2.3 3,0 inches

Tc 53 minutes

i 1.0 2.Lf ;3. I inche s /hour

C 1 O. I 0,5 0,(,
C 2
C 3
C

54 &53 IQ/~ cis

Precipitation
P = 6-hour
P = 24-hour

Elevation
Top of Drainage A rea
A t Structure

Drainage Length

Drainage A rea Slope

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

Design Frequency
Drainage A rea

Highway ----------County---------
Location @1?,-tO .'RO""'CL"""""d""-- _
Project No. Station----:=------------ ---------Name of Stream PUt"".,?\V\.c; \..l)qS"\(\

Precipitation P l =l-hour

Time of Concentration

Rainfall Intensity

Peak Discharge Op =CiA =

Runoff Coefficient

Weighted Runoff Coefficient·

DESIGN COMPUTATIONS

Computed by~,E, z.~\ \$...t:(~LA) Date _

II
!·'I.i'. f

;1,
: '

-I

·1
'I
I
I
I,
I
"I.,
t
I
·:1', .

il

I
I





ft.

cfs(fl,lt'1re)

Date:

n = 0,030bw _...100:;':"::::::"':==~_~ ___

I = 4-9 %w __-L,,;=--~;""""_

C
W

=_....:oO"'-',£,.-1....L.·=5 ...:..

Weighted Watershed
Average

Subarea 2

Change in Elevation Factors - ft.

Company:

0%

Subarea 1

t-Js;.-bAM\.\ (y3 o/Q) !:\\.)\.\, Ud-)Q U ( 57 "10)

0.035 Q,Q22,

Change in Length Factors - ft.

Runoff Coefficient (C ): Qf ~Ow -"""-'''''''-''-=..........----

Watershed Type(s)
(ll; of Total Area):

Basin Factor(n
b

):

Imperviousness(%):----.=;..-'-""----

At T , 100-year Rainfall Intensity(i) = 12/(1+0.05T )=
c c

100
100-year Flood Peak (Q )

p

For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: 0,20 Q,l/-5 0."5 Q.~S-

Q <Cubic feet/second) : ,O(p 158CJ 2::295 3CX20

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location: ~C\~~\~\~c....o~Q~cA~~kJ~~a~+.su~W'- ~ __
Drainage Concenuration Point: ..\\)$.+ o..bo\le C ke..t:n~ Ave.,

*watershed Area(A) at Drainage Concentration Point: ~lg~~\~(~Q~ acres.

Length of Hydraulically Longest Watercourse (Lc):-----~I~Uk~.~)r;;~()~()=~---------ft.

Length from center of Watershed Area (L ), along L : 'l-L......Ll....::O=:::.....:()=- ------
ca c

1.

2.

3.

4.

5.

6.

a.

b.

c •

7.

Prepared by:

_M.E, z.eJ-...4\.=e..~r S_.LA'--- ------::----- __

9.

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

11.

10.

13.

12.

15.

Z-Factor(Z) = O.444n. (L L )0.3/(S C )0.4 = .Q!:lLJ(,p~,~S;~3~ ~(~f\!lNt:n;\Yi'l.lr&e+-)
ow c ca c w

14. **Time of Concentration(T ), determined from Table III: ~ minutes(fQ~Q~e)c ---""-=:::..-----

3 .~1....__inches/hour

= CwiA= 0.15 x 3.2n x 1:;l.\(P = 3530

17.

16.

I
11
tl
I
,I
I
.1
I
I
I:
I
I
'I
I
'I
I
,I
J
I



I
'I

P:: pC» METl-tOJ)
HYDROLOGIC DATA SHEET

:Ije<t Name and Lo.atio".: 'R", \ rond Wag\..
ucainage Concentration Point: .Just $ove. Ck,,:cc'1 b\~v..::~-,V\u~\A.~ec::-::. _

lerShed Area (A) :_, :L ~.(O acresf.aquQl"e mile.,.

L~ngth of Watercourse (Lc ): IY-
l
$"QO ft. Length to Center of Gravity (Lea): r:z (00 ft.

:Irem~nta1 Change in Length (L1) - ft. Incremental Change in Elevation (Hi) - ft:.

hours.

For impervious areas,
CN* • 99 (constant).

Equation for Te :

Note:

(L ) .3 -.4
Tc • ~ ,Lea q

50 (Se).4

in. Areal Value: in.

in. Areal Value: in.

in. Areal Value: in.

in. Areal Value: in.

in. Areal Value: in.

&/700

Py Discharge:

'11..008 qA (acres): 30(,) att 0 )3$5¥cfS.

t4S.33qA (square miles) : ~cfs.

In Slope (Sc): 0,0077 ft./ft. Watershed Type(s): ~rlu-U'1.~ ~\\v~! y>rb y CfHtHrer

Ba,.sin Factor (Ub) :_-,Q.L:-.!;.Q~3,j~QL__~(f""'y~t~ul'!'r~e;.,...)- Flood Frequency: 2- 2-£ 100 yrs.

I (24 hour) : .

1)1 (6 hour):

rl (1 hour): 1.0 2,5 A: 0

1(2 hour):

Pit(3 hour):

'11 Group(s): ~O % B J ;2..o0/Q D Cover Type(s): \J..rba lJ LQ.MJ tJ~
e,er Density (pe~ous areas): an c: . Impervious .Cover: fP~/Q (f\1c:~e)

I\...~.. s): 23(:"} 'e' j9 (pervious & impervious areas) CN*(S) ~''''in.· ~af71.!'D 91,'3' rrt
curv number) . (adjusted curv number)

;,Io£f to Rainfall Ratio(s),(C):(dS".. lf') .6"~k4(h~!.77'\"pervious areas),~~,'f5" ,CJ('p(impervious areas), J' ,~ I

~IOff Supply Rate (q): .4/
1
('1) ,7& i in./hr. (function of i)

i.LIlle of Concentration (Tc): 9/) 7 'f J ,.., I i-·~mins. (function of i)

:Irative Solution of Tc : /I~ ) 51, 't::L ~/mins.

Ra~nfall Intensity (1) a.t Ie: «SfB) 2,57 J 3.~2, in./hr.

1:laff'su'PP1Y Rate (q) at Tc : • u: )1.77) 280 in./hr.

:1 3_3...:.loo1:0.-..Q _

,1-----r5t.-£,l<Q~Q~--
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RATIONAL METHOD

LOCA TION DA T A

Highway County _

Location "hj,s+ o.bQve. Cke.rr~ p.,V-4a..
Project No. Station. _

Name of Stream Ra ,\ rOl1.d WQ.$?\o

DESIGN DATA

Design Frequency :l Os lOQ years
Drainage A rea Ai acres

AZ ,:2 \(e acres
A 3 acres

Drainage Length \4= ') S"OQ feet

Elevation
Top of Drainage A rea 4,54-0 feet
A t Structure 4. Y:;:L(p feet

Drainage A rea Slope 0·7'1 o/c

Precipitation

tJ fAP =6-hour inches
P = Z4-hour I inches

DESIGN COMPUTA TIONS

Precipitation PI =l-hour /.0 Z.3 3.0 inches

Time of Concentration Tc 20 minutes

Rainfall Intensity i Q.Z Li 6·4= inches/hour

Runoff Coefficient Cl O.If 0.7 Q,g
C z
C3

Weighted Runoff Coefficient C

Peak Discharge Qp =CiA = 3%9 1632 2335C£s

Computed by ty'" E. Ze.\\e,C ~Lf\) Date

-36-
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CHICO
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...._....
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22nd STREET L
.-;6:===jl::===/===t ~=======-=-==-=-====:

~r
~

~
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STREET

I/?=
SCALE

£. 36 III

UNIVERSITY OF ARIZONA

1971

o
L

NOTE: WATEHSIlED CONT/dN$

INDUSTRIAL, CO:.n.1EHCltll,

NW RESIDENTIAL tIf~EAS

~~=II!========B~R;,;;o~A~o~w~A=Y=~r~L=-_=_=--::::=======nlL::_

~.·..~~.. I :
"-. "' R-70 ..•._ ....~ .... .•.~

)...

~

§

WATERSHED M~EA 1.9 SQ. MI.

WATER RESOURCES RESEARCH CENTER AND

CIVIL ENGINEERING DEPARTMENT

RAILROAD WASH EXPERIMENTAL WATERSHED

EXPLANATION

MAIN WATERSHED BOUNDARY

RECOnOING RAIN GAGE

NON"RECORDING RAIN GAGE

AUTOMATIC WATER SAMPLER
FLUME

II
il
I
I
:1
'I
I
I
I
I
I
I
;1
'1'
I
I
;1
.1
.1



ft.

Date:

Weighted Watershed
Average (±1LIu.re)

nbw= O,O;l5

I = 4-0 ~/ow ---:""';"'--'-""'---

C = 0. '15w _-""c.:-......."""- _

Subarea 2

Change in Elevation Factors - ft.

COmpany:

( 100 % )

Subarea 1

~::r= 13'6)0'1 CD + llS; "19 I + = ~~ OIP1

(O,\Olo;t,.>2 = 0,0\\3 ft./ft.

(toLl) 3 .2 109 'l:l x. 10l::t toHl :_...LI...L1J..IO~ 6Li /6Hl .l8o~5 X. \ 0
10

(6L2 ) 3__\ ,33\0 X (0';;2. toH2 : IRO toL~/toH2 .1, "3>94-//-4lf-\ <'P\'\

(t.L
3

) 3 6H3 : 6L~/6H
3

_--'- _

(:H +

Ci ty of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Length of Hydraulically Longest Watercourse (Lc): ~~~~~)~~~()~~C)~----------ft.

Length from center of Watershed Area (L ), along L : ~l2:l"'-4+--!\-!O::::...::O~ _
ca c /

Basin Factor (nb ): o. O.;tS (SOMe N.C.)

Change in Length Factors - ft.

Mean Slope(S )={L /1)2=
c c

Watershed Type{s)
(\ of Total Area): Mod. Urba.N

Imperviousness (%) : LfQ O{Q

Runoff Coefficient (Cw) :_--JoO.L.!..I_'l1..S..:::--~__

For Other Return Periods: 2-Year la-Year 25-Year 50-Year

Ratio to lOa-year Peak: 0,;40 O.4=S" Q,b5: 6, '8S

Q <Cubic feet/second): ~ ~ 2.594--.- 339c2.

Project Name and Location: 1S?uo~~~~~~~~~J~awS~\D~~------------~---------------

Drainage Concenbration pOint:__~~U·~~~UO~~~~~~uY~~6~~~~_~~~\~U~C~~~' _

*Watershed Area{A) at Drainage Concentration point: LI:)~~~~()~ acres.

a. toLl: I~J~OO

b. t.L2 : { \ )000

c. 6L3:

7. I = (6L~r +
6H

l

8.

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (GO) minutes.

c

12.

17.

II
·11 l.

2.

'I 3.

4.

:1 5.

I 6.

I
:1
I
I

9.

I 10.

Ill.

I 13. Z-Factcr{Z) = 0.444n. (L L )0.3/{S C )0.4 = ....:;).1Z:::.:5~.-'2.u:L01S.L {future)
ow c ca c w

14. **Time of COncentration{T ), determined from Table III:_~~~~ --~minutes{future)

~II 15. At T
c

' lOa-year Rainfal: Intensity{i) = 12/{1+0.05Tc)=__~__~Lf~.()~()~__~inches/hour
I 16. lOa-year Flood Peak (Q~OO) = CwiA= 0." 5 x 4-; OQ x 1330 = ~§3~~9~9~O~~.CfS (future)

I
-1­
~I

Prepared by:

1_· M.,E .• Z.e...t\t,r

I
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DESIGN DATA

LOCA TION DA TA

,;2870
;;2530

_---::/-:..,.~Z:.cZ::-_o;c

tL/-J1 inches___ 1----

inches---------

/'(J 2.3 5.0 inches

Tc /00 tninutes

i 0.7 I,~ 2.0 inches/hour

Cl ~ ,Q.1 O. i
C 2
C3
C

312 1SCt.'J 2/2$ ds

::L .2.5 100 years

Ai acres

AZ 1330 acres

A 3
acres

:23)ROO feet

Titne of Concentration

Runoff Coefficient

PreCipitation Pi =i-hour

Rainfall Intensity

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

PreCipitation
P =6-hour
P =24-hour

Drainage A rea Slope

Drainage Length

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

ARIZONA HIGHWA Y DEPARTMENT
BRIDGE DIVISION

Elevation
Top of Drainage A rea
A t Structure

Design Frequency
Drainage A rea

Highwa y_-=---:- - __-County---------

Location @ St>g.g,dw~ 'Blv Q. •
P roj e ct No. =---:---:--=--r_--:------,Station
Natne of Streatn_Robb l(Jo..';!.h '---------

Cotnputed by [VI, E, Ze U:f.tr (sLJD- Date .:--- _

DESIGN COMPUTATIONS

I
II
II
'I
I
I
I
I
I
I
I
'1
:1

I
'I
I
I
I
I





ft.

Date:

Weighted Watershed
Average

Subarea 2

+ 4:§ (p Y: +----=--J./:...I./-+J""",5":....:3::::;.;$_,--

O,O;L4-Y: ft./ft.

Change in Elevation Factors - ft.

Company:

_---"s,;:"t;LF\ _

Subarea 1

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location:_RQ \\ \\6~ \-\, \ \ S vJa...sd",,~ _

Drainage Concenpration point:_-,±A~·~CL~·~v~!'~~S~Q~~b)~_~E;~~o~ou~d=- ___

6L l :_9.L:.QQ~",,--_

6L2 :_CZ.L;.'OO=....:;;._

Change in Length Factors -ft.

Mean Slope (S )= (L /I) 2= (D. Is"(PO ) 2 =
c c

Watershed Type(s)
(% of Total Area): SuburbaN «(()O%

For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: Q. (£"" D,l/{? O.C.O O. ~O

Q (cubic feet/second> : 30 <gO /U2 IcPO

*Watershed Area(A) at Drainage Concentration Point: '3 \ acres.------==--:'---------
Length of Hydraulically Longest Watercourse (L ) : ---L\.looB"Q::.:::..o::::::.- ft.

co

Length from center of Watershed Area (L ). along L : 9~...>co~~· _
ca c

tv\. ! E , ZeJ \e.. t:

1-

2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.
o c

12.

17.

II
II
11
'I
01

I
01

I
I
I 10. Basin Factor (n

b
) : 0, 0 3 ::2 nbw=__O.:::..;....O;:;......::3=~::::. _

:'1 11. Imperviousness (%) : ':t..;:;;;...;;._O_~rl-,o<--___ I w =_~~-=;...O-+L5....::0::;.·__

Runoff Coefficient(C): 0.'10 C = 0.'10w ----::~--'--"---- W ----::;-.:...::---

·113. Z-Factor(Z) = 0.444n. (L L )0.3/(5 C )0.4 = ....:5~.!....Q!2~~L -t(~f\:l1:N6ft\%l'~e~
ow c ca c w

:114. **Time of Concentration (T
c

) , determined from Table III: G:lo,oO~ ~minutes(f\:lt;\H'e)-

15. At T , 100-year Rainfall Intensity(i) = 12/(1+0.05T )=__~:lu.~:L~~~··~_inches/hour
c c

·0·1 1·.6. 100 ~OO·• 100-year Flood Peak (Qp ) = CwiA= 0.70 x q. ;23 x 3/ = 5gj~~~_§_~~~cofS (f\:l€\%l'e)

:1
_;1-
'I
;1

I



DESIGN DATA

LOCATION DATA

AlIA
7

;;>ca~s­

2'715

County -----

~ 6S /00 years
A 1 acres

AZ 31 acres
A 3 acres

/cgOO feet

I,D 2.3 3.0 inches

Tc /0 minutes,

i 2J It, 1 ~.O inche s Ihour

C l 0,2- o,~ 0.1
C 2
C 3
C

/7 //3 17'1- ds

Date

Highway ,

Location (jj) Ha n: I saN 1Co4cd
Project No. ~~r-__-,- -,...._-,.-Station
Name of Stream B\ (\y\~ ld,U~ \1h$.~ --------

Precipitation
P =6-hour
P =24-hour

-36-

Drainage A rea Slope

Elevation
Top of Drainage A rea
A t Structure

Drainage Length

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

Precipitation P l =l-hour

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Design Frequency
Drainage A rea

Rainfall Intensity

Time of Concentration

Runoff Coefficient

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

DESIGN COMPUTA TIONS

Computed by_ ...........-..L-=.:"""_4-o...a..........----t-......=-r....,..__

il
il
il
:1
-I
'I
I
I
I
I
-I- -

,I

I
I
I
I
'I

I
I
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ft.

Date:

Weighted Watershed
Average

Subarea 2

Change in Elevation Factors - ft •

Subarea 1

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (QtOO

)

Project Name and Location:_~~~~o~~~~~~~~\~\~\~~VJ~~~S~~~ __

Drainage Concenbration point:__~c;~cuQL~~~1c~_~JS:o~~ou~·:c1~ __

Length of Hydraulically Longest Watercourse (Lc): ~;t~··_~~I_~~()~O~ ft.

Length from center of Watershed Area (L ), along L :__--1.\S-=il...:;O::;.,...;;:O:.....:;;O------ca c ,

Change in Length Factors - ft.

Watershed Type(s)
(% of Total Area): Mad. Urbo.r4 ( 100 % )

Basin Factor (nb ): O. o;;t'f (SOIV-eo St.t-\o\,\)) ---------

Imperviousness (%) : #0 °10,

For Other Return Periods: 2-Year lO-Year 25-Year 50-Year

Ratio to 100-year Peak: Q,an O.l.fS 0.05 0, <g&

Q (cubic feet/second) : 578 1301 /880 ;2.458

*Watershed Area (A) at Drainage Concentration Point : \J2-4--S acres.

~J.OO (l1L1 )3 5,5\31 '/. \0" l1Hl : 25 l1Li/l1Hl G>,4-~G,\(p~:;t)353

b. 6L2 : 9~QO (l1L2)3 1.19>Vi X 101( l\H2 : $0 l1L~/l1H2 q )'133, GzOO} 000

Q 3 - II /8 3c.6L3: 0000 (l1L3 ) $,\:lO X \0 l\H3:!CL l\L3/l\H3 'l\$lJ,Y--Jl;JloS

I = ~~ }i + ~:::r+ ~:~r= 1>0) $'\-O + <j~} C.Sq + 'b~,TI 2. = :J 45,5'l1

Mean Slope (S )=(L /I)2= (Q, 0955) 2 = 0.009 I ft./ft.c c

4.

8.

I
.'I I.

2.

il 3.

"I 5.

.1 6.

a. l1Ll :

'I
·1

7.

I
I 9.

110.
Ill.

12. Runoff Coefficient (C
w

) : 0., S

,113 . Z-Factor (Z) = O. 444n. (L L )0.3/ (S C) 0.4 = ..Gd-u2>~.~.LI(p~ ~(-=-flllbl'lt:*l:H?~e) .
ow c ca c w

14. **Time of concentration(Tc )' determined from Table III:~__~~~~t)~__~minutes(flll~l:H?Q)

·11 15. AtT, 100-year Rainfall Intensity(i) = 12/(1+0.OST )= ~;?~.~~~9~ inches/hourc c

116. lOa-year Flood Peak (Q~OO) - CwiA= 0/75 x 3.G,9 x (0!l::5 = ~~~~9~::L~§CfS(flllblfa+

17.

I
·;1-

* A may not exceed 1,280 acres (2 square miles) in size.
'II ** Tc may not be less than five (5) minutes nor greater than sixty (60) minutes.

Prepared by: Company:

I ---M. E., Ze \ \e..r

I



11
;

'I
·1
:1
:1
;1

I
I
I
I
·1
'I
-I
I
I
:1
!I

I
I

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

LOCATION DATA

Highway -. County__-,- _

Location @ Goalo+ 1?QCkd
P roj e ct No. -=--..,...""'-".,...- ""'-" Station _

Name of Stream_Rose\.,.. \ \\ \ U'ASb

DESIGN DATA

Design Frequency ::l. J.S 100 years
Drainage A rea Ai acres

A2 IDl.fS acres
A 3 acres

Drainage Length ;)5.4-00 feet
i

Elevation
Top of Drainage A rea

~4ky
feet

A t Structure feet

Drainage A rea Slope 0,92 o/t'

Precipitation

AI/AP =6-hour inches
P =24-hour " inches

DESIGN COMPUTATIONS

Precipitation Pi =i-hour /.0 2.3 3. (J inches

Time of Concentration Tc //7 minutes

Rainfall Intensity i O.e, 1.3 I. ?> inches/hour

Runoff Coefficient Cl 12!± 0.1 Q. i?
C 2
C3

Weighted Runoff Coefficient C

Peak Discharge Qp =CiA = d.5J 951 1505 ds

Computed by M.E. -z.~\\er (~L1:UDate

-36-
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ft.

Date:

Weighted Watershed
Average

nbw=_..,:,,0,·L'-=O:....3J..-=~~_

I
w

=__..:o:::...-°.LIc-=o:::...-_

Cw =_--=O~,~Co=-:O:..-.-_

Subarea 2

Change in Elevation Factors - ft.

SLA
Company:

(\00 'ia) _

Q Ole
i

Subarea 1

O.Q3S'

3/00

~2.00

Change in Length Factors - ft.

Runoff Coefficient (C ): O. ~ 0
w ---==~-=----

Basin Factor(n
b

):

Imperviousness(%):
------::=--~~---

(fiLl )3 :J. .919' 'f.. \0,0 fiH
l

: 100 fiLi/fiHl d .9791 X.IQ~

(fiL2 ) 3 \, Lf-OCe \)( \0 II fiH
2

: / 00 fiL~/fiH 2 J,49~ \ X \0 q
3 (0 r 3

6L3 : 3/00 (6L3 ) J..9191 X (0 6H
3

: ~O 6L
3

/6H3 5'15J cgc20)OOO

I : ~:~r + ~:::)' + ~::)': /1, z.C.O + 31/+'1 l\ + J.<4 yo<t ~ 79, I("J

Mean Slope (Sc) = (Lc/I) 2= (0, I If-y..O) 2 = 0.0::201 ft./ft.

Watershed Type(s)
(% of Total Area): No±u ro..\

For Other Return Periods: 2-Year lO-Year 25-Year 50-Year

Ratio to 100-year Peak: Q,O~ 0,30 0,50 0.70

Q (cubic feet/second>: 9.£/- 507 24-5 II~Z

Ci ty of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location: ll) a1 V\\~± C u.\,.k (Co 3 I ODLJ-l-[TQf.\\?sk",~

Drainage ConceiltJration Point: AJr G a.e,e Ou\-\~ -\- (# 4-)
*Watershed Area(A) at Drainage Concentration point:__~__~:i~(O~~~ acres.

Length of Hydraulically Longest Watercourse (L
c

) : -:./_/+/_?l:t-.::O::.,.O.=.- ft.

Length from center of Watershed Area (L ), along L : 5..r..-5}..I,.;Olool~r...llOoL.- _
ca c

Z-Factor (Z) = O. 444n. (L L ) O. 3/ (5 C ) 0 • 4 = -i./~9L..,.1G2.;.3~ "':(';':f'l*lioKftU:£l:!?eTe)
DW c ca c w

**Time of Concentration(T ), determined from Table III: 2<g minutes (futU:£e)-
c· --.....-........""-----

At T , 100-year Rainfall Intensity(i) = l2/(1+0.05T)= £;,00 inches/hourc c __.-.J.-=-=-__

100-year Flood Peak (Q~OO) = CwiA= 0, GzO x $,OQ x 5G.3 = ~Afgto~2~Cf~~~CfS (futU:£e)

M.E. Ze\te.r

l.
2.

3.

4.

5.

6.

a.

b.

c.

7.

8.

9.

Prepared by:

I
;1
II
:1
I
I
I
I
I

I
L

* A may not exceed 1,280 acres (2 square miles) in size.'II ** T
c

may not be less than five (5) minutes nor greater than sixty (60) minutes.

I
I

110 •

Ill.
12.

113 •

:114
•

15.
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LOCA TION DA TA

'-/;720
4=Lf70

;l, ICf

____NjA
I

inches
inches--------

:2 il.S 100 years

Ai acres

Az 51,3 acres
A 3 acres

I/.WO feet
I

to 2,3 3,t) inches

Tc If£" minutes

i /.2 2.g 3., incheslhour

Ci Q, I D,S' O.V
C 2
C3
C

eng 1<6ca lelSO cis

Precipitation
P = 6-hour
P = 24-hour

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

Drainage Length

Drainage A rea Slope

Design Frequency
Drainage A rea

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

Elevation
Top of Drainage A rea
A t Structure

Precipitation Pi =i-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp =CiA =

DESIGN COMPUTA TIONS

Computed by_M IE. 2e..t\-e-r (sLAL Date _

'I'I

;1
i

l
:1
:1
'I
I
I
I
·1
I
I
I
I
I
I
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ft.

Date:

=

Weighted Watershed
Average

nbw= 0,034­

I =_1'0°)9w I

0, 0 s;:C
w

Subarea 2

Change in Elevation Factors - ft.

Company:

/0 0/0

Subarea 1

(::r= 32,Xl5 + 34-8~ +----= .:s~)1 £1

( O. \55?»2 = 0,0323 ft./ft.

O.Q3LJ:

+

Ruro..L

_--\,l.;.;..•.iC::....~~v....IJ>:c-I_\_...-6Hl:_~1"'\ez.O~_ 6Ll
3/6H1 I \I l / / I '']_ ~~ ~ _ _~-l 0 ::t1) ~Q '" \p ) I..P \D

_-"'$.....O",--,-y""",--,-I=O_'__6H2 :---,to~(p=O_ 6L;/6H2 --'1c.:::2=-}t-1....~=-1'-'l),.....~=.J....:\~=-__
3

_______---6H3 : 6L3 /6H3 ----------

Ci ty of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

Project Name and Location:_lUe s±- S t>ee.d w ~ Wa..s.\o

Drainage Concenbration Point: @ C')a.<j~ S \+e.. (I"\\ta.\' yo......~c

Change in Length Factors - ft.

Runoff Coefficient (C ): O. 0 S-w -----'-....-'-""-""------

Mean Slope(S )=(L /1)2=
c c

Basin Factor(n
b

):

Watershed Type(s)
(t of Total Area):

At T , 100-year Rainfall Intensity(i) = l2/(l+0.OST )= ~~,~~~'\~__inches/hour
c c

100-year Flood Peak (QIOO) = C iA= O. (pC; x '). dJ x ';25 Y: = \3 ~9 cfs (fytw*e)
p w 555~~~~~

For Other Return Periods: 2-Year lO-Year 25-Year 50-Year

Ratio to lOO-year Peak: Q.1O 0.3>' Q, s-s- 0,'75

Q <Cubic feet/second) : --.J3Q _y:%f.t, l<O~ \QY:-~,

*Watershed Area(A) at Drainage Concentration point: ~;)~9~~~ ,acres.

Length of Hydraulically Longest Watercourse (Lc): :z~()~~()~(J~---------ft.

Length from center of Watershed Area (L ), along L : 3~S~O~Q~ _
ca c

2.

a. 6Ll : 50()() (6L1 ) 3

b. 6L2: d./X)O (6L ) 3
2

c. 6L3: (6L
3

)3

I = lhL~ l' (~t7. +
6H~6H

1

8.

9.

Prepared by:

12.

Z-Factor(Z) = 0.444n. (L L )0.3/(S C )0.4 = lO. 5?Cf (£I:rl:tt:r:e)J:)W c ca c W +Joo~U-~ _

14. **Time of Concentration(T ), determined from Table III: I~ minutes(f~~W*e~c ---,-....- =..---

17.

11
.1 l.
ii' 3.

"I 4.
5.

I 6.

'I
I
'I
I
I 10.

Ill.
113.
:1

15.

116•

I
_;L

* A may not exceed 1,280 acres (2 square miles) in size."I ** Tc may not be less than five (5) minutes nor greater than sixty (60) minutes.

I -M! ~ I 2e.\\~'C

I



I
~I

?c FC.D METtfD:D
HYDROLOGIC DATA SHEET

(I,oject Name and Locatlon:-W-e..s+ Spe..e..d w CL~ \A.) a..S\o
i inage Concentration Point: @ Ga@s:s:> S d-e (k? e..o..t Rwe..c S,,,bs:\:rt,oN)

:rerShed Area (A): .;L9 :t- acres/6~\lal"e _Uee.

Length of Watercourse (Lc>: ']()()() ft. Length to Center of Gravity (Lca): 3,5'00 ft.

"lIcrem~ntal Change in Length (L1) -ft. Incremental Change in Elevation (Hi) - ft.

,I__---..Q..{)~o=-O _

I

/00 yrs.hS
Area1 Value :-,- ...;1n•

Areal Value : ...;1n.

Areal Value : ---:in.

_________________________in•

lIan Slope (Sc): --=()~.~(2~~~g~~~ ft./ft. Watershed Type(s): ~13(~\&~~~9=J\~ ~(~f~6~~u~r~e~)

Basin Factor (nb): O. 0 3l/- _(fyt;y!'~) Flood Frequency: 2

14 (24 hour) : ,1n.

• (6 hour):

~ (l hour): -,/~. ...;;,0__2=-..::3:;..........3-..".,;:0::;,.,.,,;1n.

Equation for Tc :

For' impervious areas,
CN* • 99 (constant).

Note:

,I (2 hour): in. Areal Value: in.

P3 (3 hour): 1n. Areal Value: ....;in.

'In Croup(s): /00 (I/Q 'D Cover Type(s): :[)e.se..r+ \S,us "'"

,rover Density (pervious areas): ·:J..o die' Impervious 'Cover: /O/'o .{fucw:'e)

'I(s): qlJ qCf ' (perv1ous & impervious areas) CN*(s): g~,~g/'2..~,·93(t,3,'97'
(curve number) , (adjJsted c6rve num6er)

'!nOff to Rainfall Ratio(s),(C): • Zz, I' ~8 f' 77 (pervious areas),8~.9'S;.r~(imperviousareas)

"[Off Supply Rate (q): , 2-r,. .7/ ( ,7'1 1 in./hr. (function of 1)

e of Concentration (Tc): 4/ i Z~; 6-.7 i-· 4hrs./mins. (funct1on of 1)

rrative Solut1on of Tc : 2~) '.!:±J fa. hrs./mins.

Rainfall Intensity (i) a,t Tc : 1.4-/) S.lfl.I.) 1,51 in./hr.

'!noff Supply Rate (q) at Tc:~f ) 3, $(", 6',<:J.i....in./hr.

Peak Discharge:

11.008 qA (acres):~cfS.
I 64S.33qA (square miles) : c.fs.



DESIGN DATA

LOCA TION DA TA

ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DA TA SHEET
RA TIONAL METHOD

II. 1'1-

3300
25:J..O

til A inche s
inches--------

::t :2> //20 years

Ai acres

A2 ;L.-CfL/- acres
A 3 acres

7000 feet

1.0 613 3,0 inches

Tc fIR minutes

i :;,;2, ~I (,,'7 inche s /hour

C l 0.6, D.t., Q,1
C z
C 3
C

/2.9 100 137CJ ds

Date

-36-

Drainage A rea Slope

Elevation
Top of Drainage Area
A t Structure

Drainage Length

Design Frequency
Drainage A rea

Highwa y -......-- C ounty ~-----

Location @ Ga."jC"$lfe. (tJe..gr PQwe..t Suhsn.-boo)
Project No. Station---------
Name of Stream_\.Je.s+ S'VeeAwo~ Wf-s.b

Precipitation
P = 6-hour
P =24-hour

Precipitation P l =1-hour

Time of Concentration

Rainfall Intensity

Runoff Coefficient

Peak Discharge Qp =CiA =

Weighted Runoff Coefficient

DESIGN COMPUTATIONS

Computed by fY1.E. Ze.l\e.r C?LI\)

I
:1
'I
:1
:1
'I
·1

I
I
I
I
'I
·1
I
I
I

;·1
I
I
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PIMA COUNTY DEPARTMENT OF TRANSPORTATION & FLOOD CONTROL DISTRICT

No-r
fra.polO-te

(1%)

QUICK METHOD FOR FLOOD ESTIMATION ON
CITY OF TUCSON (URBAN VALLEY) WATERSHEDS:

(CURVE GIVES ESTIMATE OF Q100' WITH ONE PERCENT
CHANCE OF BEING EXCEEDED EACH YEAR.)

I ...,

"C

.
v

~

-
"d

""' ~
-

a
I

I.....

'/

I

0 I • lo ~ "
.,

~ "
o

'J
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I

/0

SOURCE:
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The West Branch is a complex basin, partially influenced by the Tucson
Mountains and, partially similar to the general regional trend of the valley
floor. Therefore, we esti,mate West Branch in proportton between the Tucson
Mountq\n' basins and the general regional equations.

/
!uc~on Arroyo, which drains a completely urbanized basin, has been gaged
since 1940. During that time the drainag2area contributing to the gage
has been reduced from 27.0 mi 2, to 8.2 mi by a series of flood-detention
anJ diversion projects. Hov/ever, since 3 of the 5 largest floods occurred
from the mi,nimum drainage area, some undefinable historic adjustment \'JQulJ
be necessary to analyze the period of fixed area alone. Using the entire
record of variable drainage area should produce an upper limit frequency
curVe above that possible from the present reduced basin. Therefore all
the data were plotted and the subjective curve dravm through them was used
for Tucson Arroyo.

Ftveother ~rban washes (Alamo, Arcadia, Rose Hill, Robb and Rodeo) were
estimated from the average departure of 8 urban gages from the r~gional
regression equations. The gage records range from 0.$ to 8.2 mi and from
7 to 38 years. Results of this graphicalana1ysfs show the la-year urban
flood 1.62 times the regi'ona1 equation, the SO-year ].32 times. and the
lQO,:,year1.23 times. These adjustments correspond closely to those which
would result from using a 2-year flood ratio of 3.0 in the theoretical urban
adjustment scheme described by Sauer for 'Oklahoma. This agrees favorably
~tth the 2...year flood ratio of 2.4 on Tucson Arroyo. .

A consulting engineer estimated 50- and 100 year floods on West Branch
Santa Cruz Rtver in a 1975 report to the City of Tucson. He used SCS
methods and concluded that about 11 ,000 cfs would reach the Santa Cruz
River by two routes from the West Branch. In reviewing his report, SCS
pointed out several problems in the analysis. In addition, the consultant
used hydrologic soi,l group 0 for the entire basin, but the SCS "General Soil
Map of pima Countyll shows about two-thirds of the contributing drainage
area to be group B'. Therefore, his results may be grossly in error.

for Big Hash (Escalante Hills), a tributary to the West Branch, the
consultant properly used group 0 soil and arrived at Q100=2,940 cfs. We
be1ieye Utg Wash is sufficiently similar to St1vercroft Wash to use the
same ratto to the regional equations. This analysis gives a result very
close to the consultant's.
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(Eq. 3-2)

3-6

of conditions ranging from steep to flat and from heavily forested to
smooth. The equation for watershed lag is:

O.B
e

)0.7
Q S + 1

L =-----,...._=_-
1,900 yO.5

I
11
il

where

L =lag in hours

II =hydraulic length of watershed in feet

Y =average watershed land slope in percent.

I
I

S = 1,000
CN'

10 (where CN' is the retardance factor and is equivalent
to the runoff curve number)

Figure 3-4.--Factors for adjusting lag from equation 3-2 or figure 3-3
when the main channel has been hydraulically improved.

.5.6

LAG FACTOR

.8 .7

LAG FACTOR

100

U 750-<
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Figure 3-5.--Factors for adjusting lag from equation 3-2 or figure 3-3

when impervious areas occur in the watershed.
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Figure 3-3.--Curve number method for estimating lag (L) for homogeneous

watersheds under natural conditions up to 2,000 acres.
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is the dimensionless watershed conveyance factor as de­
scribed previously in the text.

'" :........
r.:-:;-' ~"

0.844

0.943

"0.834

. 0'.936

Total
Explained Variation
1. {La lnoo./r ..1J../tT: S

0.802

."
..., .....

Equa'tions'

/+;;1 c£ (/97 7)
TABLE 3.1

TEN-MINUTE' UNIT HYDROGRAPH EQUATIONS

.' .i}f~··\ ­

Q = 31. 62'~' X"i0 3 A' 96 T
R

-1':07

T
B

= 125.89 X 103 A Q-.95

W50= 16.22 X 103 A· 93 Q-.92

W1'5= 3. 24 X 103 A' 79 Q- • 78

is the impervious area within a particular watershed
(in percent) ..

is the width of the hydrograph at 50% of the Q (in minutes).

is the width of the unit hydrograph at 75% of Q (in minutes) .

'is the total distance (in feet) along the main channel~

from the point being considered to the upstream water­
shed boundary.

is the main channel slope (in feet per foot) as defined
by H/O.8L wh~re L is the main channel length as described
above and H is the difference in elevation between two
points, A and B. A is a point on the channel bottom at
a distance of 0.2L downstream from the upstream watershed
boundary. B is a point on the channel bottom at the design
location.

s

L

I :1 .

~

A

TR

Q

TB

W50
W75

(I

II
II
;1

,I
;1

I
I
I
t
,I
,I
:1
I
I
'I
"1
t
I
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II
Iii

1·1
II
II
II
II
II
I·:
I
I
I
I
I
I
I
1
I
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.: ~~.: .
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1.30

L1\!\ [T ~,,\d ~~\~~~s
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•

Q (cf s)

8.88
25.38

995.31
2122.29
2261.15
2078.99
1741.57
1389.69
1184.57
859.15
633.68
479.78
325.46

,193.51
115.06
68.42
48.68

-
---~' !':~- ..."i'Or-- -

• ;8?1:c.~

,I.~-•. --

T (llin.)
5.99

19.98
15.99
29.89
25.89
39.99
35.99
49.89
45.68
58.96
55.89
6e.ge
65.68
79.88
75.08
Se.88
85.88

Q Peak= 2,261.15 (~fs)

Tille to Peak= 25. ~in

Yol.= 4,328,834.97 cf
Vol.= 2.29 in.

Y{UNITS= E 3.> ~

8.99 2.,6
9.88 ~

1-----------------------,1
,--.

x-'~

SRNTR
BRRBRRR

URBRH
HYDROGRRPH

SOIL TYPE 'B"
AREA= 528.99 a~res

48% IflPervious
49% Dire~tly Conne~ted

Tift~ of Cone.= 19 /lin.
fo= 1.18 (in./hr.>
f~= 1.18 (in./hr.)
F= 8.99 (in.)
Tille Int.= 5 /lin.

/00 t:d ~~ r
T (Ilin.) P (in.)

5.98 9.96
18.89 9.99
15.89 9.81
29.99 9.51
25.99 9.39
39.99 9.3e
35.99 9.21
49.99 9.18
45.99 9.15
59.96 9.12
55.99 9.99
69.99 9.99
'65.99 9.99

flin •
••••••••••••••••••••••••

5.11
19.111
15.lllllllllllllllllll
28.111111111111
25.IIIIIIIIU
39.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111

.t.ttt•••••••••••t ••••••

Total Precip.= 3.99 in.
-rVC SON
RAIHFAll HYETOGRRPH

DeSIGN SToRM
Pk. 5.llin int.= 9.81 in
Yunits= 8.84 in. ~

LOCATION:

IIIa.fVI() lJ)f1.,Sh

STORM TYPE:

100 -Ijea. ...

(I
11
fl
~I

,I

'I
;1
I
I
I
I
I
I
I
I
I
I
I
I



S

S I

s_. .~._

/
,/\ ,<

Q (ds)

6.88
5.86

71e.e7
1535.28
1621.2e
1469.99
1262.86
938.24
717.55
541.75
403.e7
318.58
226.94
138.83
77.79
46.25

T (l'Iin.)
5.98

16.e6
15.66
26.88
25.66
39.09
35.88
48.66
45.86
58.6a
55.69
69.8B
65.88
78.6e
75.88
86.83

I
I

I,
: .
:.

Q Peak= 1,621.26 (cfs)
Tifle to Peak= 25. lIin
Vol.= 2,976,719.81 cf
Vol.= 1.58 in.

Y<UNITS= E 3.> +
8.60 1.62
e.e8

1-----------------------1
',-)

SRNTR
BRRBRRR

URBRN
HYDROGRRPH

RAINFALL HYETOGRAPH

Total Precip.= 2.38 in.

Pk. 5.ftin int.= 8.62 in
Yunits= 9.93 in. +

SOIL T'fPE 'B'
AREA= 528.89 acres
49.% IflPervious
48.% Directly Connected
Tifle of Cont.= 16. flin.
fo= 1.38 (in./hr.>
fc= 1.39 (in./hr.)
F=8.88 (in.)
Tifle Int.= 5. lIin.

~,s 'fEll,?
T (flln.) P (in.)

5.68 8.85
18.88 8.86
15.88 9.62
28.89 8.39
25.68 6.36
38.68 6.23
35.68 6.16
48.68 8.14
45.89 8.12
56.88 8.99
55.88 8.87
68.88 8.87
65.88 8.68

flin.
••••••••••••••••••••••••

5.11
18.11
15.lllllllllllllllllll
28.111111111111
25.1111111111
38.11111111
35.11111
49.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCRTION:

f}/a~o Wash
STORM TYPE:

;).5- !jea.r

11:,
'I
,I

,I
:1
I
I
I
I
;1
I
:1
;1
'I
il
'I
I
I



T (l'Iin.) Q (efs)
5.99 9.08

18.ge a.ee
15.99 183.41
29.99 412.62
25.99 435.97
39.90 378.85
35.ge 311.27
49.99 259.86
45.8B 284.81
56.69 167.31
55.69 134.96
6e.ge 118.57
65.98 89.92
79.88 48.12
75.88 28.61
B9.ee 17.81
85.813 19.11

s

Yol.= 8.44 in.

QPeak= 435.97 (cfs)
Ti"e to Peak= 25. "in

I
I

1
I

: .
:.

Y (UNITS= 1.) -+

e. 435.
8.

!-----------------------(

SOIL TYPE "B"
AREA= 529.90 acres
49.1, Iftpervious
48.1, Directly Connected
Trfte of Cone.= 18. "in.
fo= 1.58 (in.thr.)
fe= 1.58 (in./hr.)
F= 9.99 (in.)
Tifte Int.= 5. ~in.

2' 4ea.f'
T ("in.) tJ P (in.)

5.99 9.82
19.89 9.83
15.e9 8.27
29.ge 9.17
25.99 9.13
39.ge 9.19
35.99 9.87
49.99 9.96
45.99 9.95
59.99 9.84
55.98 9.93
69.99 9.93
65.99 9.ge

Total Preeip.= 1.99 in.
fOe-SON

RAINFALL HYETOGRAPH

Sl:tt·~TA

BRRBI:tRi=i
URBI:t t·~

HYDROGRRPH

Pk. 5.ftin int.= 9.27 in
Yunits= 9.91 in. ~

l'Iin•
••••••••••••••••••••••••

5.11
18.111
15.lllllllllllllllllllt
29.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
69.111

••••••••••••••••••••••••

lO~ATIOH:

Il/a.mo WtJl,.sh
STORI1 TYPE:

:l-year

I
II
II

'I
;1

t
:1

I
I
I
I
I
-J
-I
I
I
I
I
'I



T (/'lin.) Q (cfs)
5.8e B.99

18.913 13.63
IS.ae 536.42
2a.ee 1146.59
25.08 1226.42
39.ge 1131.18
35.ge 951.35
48.ge 761.66
45.6B 696.95
56.ee 473.22
55.ee 352.78
6e.ee 268.74
65.8e 189.98
7e.ee HIS. 59
75.ee 65.15
se.ee 39.99
sS.ee 23.46

x

"

Y{UHITS= E3.> i

a.ee 1.23
0.ee

j-----------------------l

Q Peak= 1,226.42 (cfs)
Til'le to Peak= 25. ",in
Yol.= 2,363,457.93 cf
'~ol.= 2.29 in.

P <in.)
9.96
e.99
8.S1
e.51
9.39
9.38
8.21
0.18
e.15
9.12
9.e9
9.09
9.99

T (Rin.)
5.ea

19.98
15.99
2a.ge
25.99
3a.e8
35.8e
49.0e
45.913
59.98
55.09
69.ge
65.99

RAINFALL HYETOGRAPH

SAt·~TA

BARBARA
URBAt·~

HYDROGRAPH

Total Precip.: 3.ge in.

SOIL TYPE "B"
AREA= 284.99 a~res

413.4 Il'Ipervious
48.1, Dire,tlY CQnne'ted
TiRe of Con~.= 19. Rin.
fo= 1.18 (in./hr.)
fc= 1.18 (in./hr.)
F= 9.99 (in.)
TiRe Int.= 5. ftin.

Pk. 5./'Iin int.: 9.S1 in
Yunits: 9.04 in. i

r1in.
•••••••••tt.t.tt.ttt••t.

5.11
19.111
15.111111111111111111.
20.111111111111
25.1111111111
38.11111111
35.11111
49.11111
45.1111
59.111
55.111
69.111

••t •••t.tt••••••••••t.tt

/&IJ- yea.r

LOCATIOH:

IIIve.r;10;1, Wi2?A
STORM TYPE:

il
I
!I

I
-I
J
I
I
I
I
I
,I
,1

I
I
'I
I
I
I



Total Precip.= 2.39 in.

RRINFRLL HYETOGRAPH

Pk. 5./lin int.= 8.62 in
Yunits= 8.03 in. +

T (llin.) Q (as)

5.e8 9.99
19.8e 2.73
IS.8e 332.65
28.ee 829.49
25.e9 879.33
30.ea 81313.24
35.ge 657.36
48.ee 51e.29
45.99 394.78
59.e0 298.89
55.ee 222.96
68.ee 171. 94
6S.ea 122.25
7a.ee 73.3S
75.0e 44.81
8e.ee 26.41
S5.ee 15.84

Q Peak= 879.33 (cis)
Tille to Peak= 25. lIin
'101.= 1,629,732.68 ci
'101.= 1.58 in.

; 1.

:.

Y <UNITS= 1. > -+

e. 87~.

e.
1-----------------------1

P (in.)
8.95
9.96
8.62
9.39
0.39
9.23
9.16
8.14
9.12
0.09
8.07
8.97
8.89

T(llin.>
5.00

18.00
15.98
Za.e0
25.99
38.86
3S.ea
48.88
45.ge
58.89
55.90
68.89
65.89

Si=!NTi=!
BAR8RF~!=l

URB!=lN
HYDROGR!=lPH

SOIL TYPE "B"
ARER= 284.09 acres
40.% I/lpervious
49.% Directly Connected
Tille of Cone.= 19. lIin.
to= 1.39 (in./hr.>
fc= 1.3e (in./hr.)
F= 8.98 (in.)
Tille Int.= 5. lIin.

/lin•
••••••••••••••••••••••••

5.11
18.11
15.1111111111111111111
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
59.111
55.111
69.111

••••••••••••••••••••••••

LOCRTION:

AIve./?')1))1 tt/tlSh
STORM TYPE:

II
11
II
:1
:1
I
I
I
I
I
I
I
I
I
I
;1

I
I
I



Total Pre~ip.= 1.88 in.

RAIHFALL HYETOGRAPH

Pk. 5.ftin int.= 9.27 in
Yunits= 9.91 in. t

236.

Q (ds)

a.ee
0.88

98.83
222.38
235.97
2136.33
178.15
137.53
112.51
92.84
74.31
69.94
44.75
26.85
16.11
9.67
5.86

'i {\J!HTS= 1.} t

•

T (I\in.)
5.98

19.ge
IS.Be
2iLll9
25.99
3e.aa
35.B9
48.133
45.ee
Se.e8
55.8e
68.00
65.ee
78.1'8
7:i.ee
38.89
85.8e

e.
e.

1-----------------------1

Q Peak= 235.97 (cfs)
Ti~e to Peak= 25. ~in

Yol.= 454,483.28 c(

'~ol.= 9.44 ir••

P (in.)
9.82
8.93
9.27
9.17
9.13
lUll
13.87
8.B6
8.85
8.94
8.83
8.83
8.88

T (ftin.)
5.99

le.Be
15.a9
29.139
25.ee
39.99
35.B9
40.ge
45.ee
59.88
55.99
68.88
65.88

SRt·~TR

BRRBRRR
URBRN

HYDROGRRPH

ftin•
••••••••••••••••••••••••

5.11
18.ln
15.llllllllllllfllllllf
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
69.111

••••••••••••••••••••••••

SOIL TYPE "B"
AREA: 284.99 aGres
49.% IftperviolJs
48.% Dire~tlY Conne~ted

Tift€ of Cone.= 10. ~in.

fo= 1.59 (in./hr.)
(~= 1.59 (in./hr.)
F= e.99 (in.)

Tifte Int.= 5. ftin.

LOCATION:

Afvernon Wa.sh
STORK TYPE:

'I
~I

;1

'I
,I

'I
J
I
I
I
I
:1
.J

J
·1
'I
.J

J
I



Total Precip.= 3.88 in.

T I· " Q (ds)I ~1I1f1.)

5.913 e. eli
113.ee 25.52
15.1313 19137.69
2e.ge 2279.57
25.913 2671.68
3e.ae 2689.81
35.013 2473.32
4e.ae 2162.29
45.ae 185S.59
S9.9a 1569.46
55.ae 1267.61
6e.ee 1916.99
65.86 788.131
79.00 575.83
75.1313 419.62
se.sa 396.21
85.1313 223.45
913.ee 163.86
'35. ee 118.99

lee.ee 86.83
1135.139 63.36

,
I
L-

X

x'

I
I

: .
:.
:.

Y<UHITS= E3.> ~

9.913 2.&9
a.eo

j-----------------------!

Q Peak= 2,689.81 (cfs)
Tille to Peak= 30. lIin
Yol.= 6,527,367.47 cf
Yol.= 2.28 in.

P (in.)
e.96
e.e'~

13.81
13.51
8.39
13.36
13.21
13.18
13.15
9.12
9.99
9.99
9.813

T (lIir,.)
5.813

le.ee
15.913
23.013
25.813
3a.ee
35.ge
40.913
45.ge
5iJ.8e
55.913
6e.ee
6S.ea

RAINFALL HYETOGRRPH

SRt'~TR

8RRBRRt=I
URBRt'i

HYDROGRt=lPH

SOIL TYPE "B"
AREA= 787.139 acres
49.% IIIPervious
4e.% Directly Connected
Tille of Cone.= 16. lIin.
fo= 1.16 (in./hr.)
fc= 1.113 (in./hr.)
F= a.ee (in.)
Tille Int.= 5. lIin.

Pk. 5.lIin int.= 9.81 in
Yunits= 9.94 in. ~

STORrl TYPE:

lIin.
••••••••••••••••••••••••

5.11
la.lli
15.lllllllllllllllllll
29.111111111111
25.1111111111
39.11111111
35.11111
49.11111
45.1111
59.111
55.111
69.111

••••••••••••••••••••••••

/00 - .y€'(Lt"

LOCATIOH:

fJ rcadI a. tJa,,5h

I
'I
'I
'I
,I
-I
I
I

i I

I
I
I
I
I
I
I
I
I
I



T (llin.) Q (ds)

5.Be a.ee
18.ee 5. HI
IS.ee 717.13
2a.ee 1646.38
25.09 1916.89
Je.ae tgeS.72
35.ee 1724.66
40.8e 1475.58
45.0e 1242.62
se.ee 1822.91
55.98 828.13
69.ee 675.78
65.1313 52B.S7
78.ee 385.93

75.80 281.63
se.ee 295.51
85.88 149.97
98.8e 189.44
95.88 79.86

lee.e'e 58.28
185.ee 42.53

'.'"

Y<UNITS= E 3.> ~

e.ee 1.~2

0.80
1-----------------------1

Q Peak= 1,916.99 (cfs)
Ti/le to Peak= 25. /lin
Yol.= 4,581,587.93 cf
'~ol.= 1.58 in.

P (in.)

9.a5
9.86
9.62
9.39
0.39
9.23
9.16
0.14
8.12
e.89
9.97
e.97
8.8e

T (/lin.)
5.8a

18.a9
15.99
29.90
25.00
3e.ee
:is.ee
48.ee
45.0e
se.ae
S5.ee
6e.ee
65.99

RAIHFRLL HYETOCRAPH

SANTA
BARBARA

URBAN
HVDROGRAPH

Total Precip.= 2.38 in.

Pk. 5./lin int.= 8.62 in
Yunits= 8.93 in. +

SOIL TYPE 'B"
ARER= 787.99 acres
48.% I/lpervious
49.% Directly Connected
Ti"e of Conc.= 16. /lin.
fo= 1.30 (in./hr.)
fc= 1.30 (in./hr.)
F= 8.99 (in.)
Ti/le Int.= 5. /lin.

/lirl.
••••••••••••••••••••••••

5.11
19.11
15.1111111111111111111
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCATION:

Arc.a.dla Wash
STORK TYPE:

J,5- ~ e.a,r

I
II
:1
',I
.1
I
I
I
I
I
I
,I
,I

J
il
;1

I
,I
I



Q Peak= 513.43 (c(s)

Tifle to Peak= 25. flin
Vol.= 1,255,241.86 Gf
Yol.= e.44 in.

12 (c.fsi

e.ee
e.ee

18S.eS
441.33
513.48
495.94
443.69
393.78
343.51
296.61
252.18
214.65
171. 95
125.48
91.57
66.82
43.76
35.58
25.%
18.95
13.83

T (l'Iio.)

5.1l9
11l.llll
IS.e9
2e.ee
25.ee
39.00
35.e0
4e.ee
45.0e
59.91l
55.ee
6e.e0
65.09
7!l.ee
75.ee
se.ee
85.e0
99.8e
'35.ee

lee.ee
le5.ee

Y{UliITS= 1.) ~

e. 513.
0.

1-----------------------1

T ,. ) P (in.l~f11r1. ,

5.11e 0.02
19.130 0.03
15.ee 0.27
2e.ee 13.17
25.ee 6.13
39.ee e.18
J5.!le 9.137
4ll.ee e.06
45.e9 8.85
59.ge e.1.l4
S5.ee 13.93
69.811 9.83
65.ee e.ee

RAIHFALL HYETOGRAPH

:3Rt·~TR

BRRBRF.:R
URBRH

HYIIROGRRPH

Total Precip.= 1.ee in.

SOil riPE "B'
AREA= 787.0e acres
40. % If'1I:'erv i ou::
48.% Directly Connected
Tifle of ConG.= 16. flin.
(0= 1.50 (in./hr.)
(c,= 1.50 (in./hr.)
F= 9.e9 (in.)
Tifle Int.= 5. fain.

Pk. 5.f1in int.= 9.27 In
Yunits= e.lll in. ~

f1in •

••••••••••••••••••••••••
5.11

Hl.11I
15.11111111111111111111
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111........................

LOC~TIOH:

/tread/a Ub..sh
STORM TYPE:

I
11
~I

;1

·1
il

I
"I
I
I
I
I
;1

I
'I
il
il

I
I



Total Preeip.= 3.99 in.

RAINFALL HYETOGRAPH

Pk. 5.ftin int.= 9.81 in
Yunits= e.94 in. ~

ItJtJ - year

Q (cfs)
8.ea
7.92

311.85
674.97
734.13
638.51
588.72
478.83
386.39
384.85
238.53
172.59
122.13
76.33
47.71
29.82
18.64

T (ftin.)
5.89

18.88
15.89
29.eO
25.99
39.99
35.8a
49.88
45.99
59.88
55.98
68.99
65.89
78.ge
75.0e
se.ee
85.99

QPeak= 734.13 (CfS1
Tifte to Peak= 25. ftin
Yol.= 1,461,981.69 cf
Yo1.= 2.29 in.

'( <UNITS= !. >+
e. 734.
e.

1-----------------------1

P (in.)
9.96
9.99
a.31
e.51
e.39
8.38
8.21
0.18
8.15
a.12
9.99
8.89
8.8e

T (~irl.)

5.96
19.90
15.ge
2B.99
25.ge
39.ee
35.90
49.ee
45.99
59.99
55.Be
69.ee
65.99

SOIL TYPE "B"
AREA= 176.eo acre~

413. % I~perv i GUS

49.% Directly Connected
Ti~e of Cone.= 11. ftin.
to= 1.19 (in.thr.)
fe= 1.113 (in./hr.)
F= 9.99 (in.)
Ti~e Int.= 5. ~in.

SI:H-~T ~

BRRBRRA
URBRN

HYDROGRRPH

ftirl.
++.+••+++•••••••••+•••+.

5.11
le.lli
15.lllllllllllllllllll
29.111111111111
25.1111111111
39.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCATION:

C()/~ IYl 6fI,$ Wa.Sh
STORM TYPE:

11
'I
;1,
;1

-I
il

I
I
I
I
:1

I
'I
I
I
:1
'I
I
I



Total Precip.= 2.38 in.

RAIHFALL HYETOGRAPH

Pk. 5./'lin int.= 8.62 in
Yunits= 8.93 in. i

Q (ds)

0.ee
1.58

222.35
487.45
526.42
487.41
407.59
322.06
252.77
194.132
146.68
113.313
32.22
51.38
32.12
28.87
12.55

•

T (llin.)
5.ea

19.138
15.1313
za.ee
25.88
38.ea
35.9a
4a.8e
45.ae
58.ae
55.08
68.ae
65.99
78.138
75.913
sa.ee
as.ee

'i <UNITS= 1.) i

e. 526.
e.! I

Q Peak= 526.42 (cfs)
Ti~e to Peak= 25. /'lin
Yol.= 1,1383,121.85 ct
'~ol.= 1.5S in.

P <in.)
8.85
9.86
9.62
8.39
8.38
8.23
9.1E.
9.14
8.12
e.99
9.87
9.B7
e.ee

T ("in.)
5.ee

18.8e
15.ge
29.8e
25.ge
39.88
35.88
49.98
45.90
58.68
55.88
69.99
65.88

SAt·tTR
BRRBARA

URBRH
HYDROGRRPH

SOIL TYPE 'B"
AREA= 176.88 acres
48. % I/'l~'ervious

48.% Directly Connected
Ti/'l€ of Conc.= 11. /'lin.
fo= 1.38 (in./hr.)
tc= 1.38 (in./hr.)
F= 8.a8 (in.>
Ti/'l€ Int.= 5. ~in.

/'lin•
••••••••••••••••••••••••

5.11
18.11
15.11111111111111[llll
28.111111111111
25.1111111111
39.11111111
35.11111
49.11111
45.1111
59.111
55.111
69.111........................

LOCATION:

C~/ lllJ1 b U. ~ IJJ4.$ it
STORM TYPE:

II
'·1
'I
:'1

·1
'I
I
I
I
I
I
I
:1

I
'I
I
I
I
I



•

,
I

:.

P. (t(5)

a.ee
9.89

57.42
138.9J
141.23
125.89
105.61
86.69
71.55
53.97
47.95
39.47
29.42
18.39
11.49
7.18
4.4'3
2.81

T (l'Iin.)
5.99

19.e9
15.99
29.ee
25.e9
39.ae
35.ea
4e.ge
45.ge
59.ee
55.66
60.ee
65.e6
7B.ae
75.ee
sa.ee
85.ge
90.ee

Q Peak= 141.23 (c(s)
Til'le to Pear.= 25. lIin
Yol.= 281,816.39 c(
'''01.= 9.44 in.

Y{UNliS= 1. > of

O. 141.
e.

1-----------------------1

T (l'Iin.) P On. )
5.99 9.82

Hl.ee 9.83
15.ee 13.27
28.ee B.17
25.ee 13.13
3a.Be B.19
35.96 8.97
49.eB e.8E.
45.08 8.eS
58.ee e.94
55.99 e.83
69.ge 8.93
65.99 e.8e

Sl=iNTR
Bl=iF.:8RF.:R
UF.:BRt·~

H'r'I1ROGRRPH

RAINFALL HYETOGR~PH

Total Precip.= 1.913 in.

SOIL TYPE "B"
AREA= 176.00 acres
49.% I!'Ipervious
49.% Directly Connected
Tille ot Con~.= 11. ~in.

£0= 1.58 (in./hr.)
fc= 1.50 (in.ihr.)
F= 9.ee (in.)
iil'le Int.= 5. !'lin.

Pk. 5.l'Iin int.= 0.27 in
Yunits= 9.131 in. +

/lin•
••••••••••••••••••••••••

5.n
18.111
15.1111111111111111'.1#
28.111111111111
25.1111111111
39.11111111
35.11111
48.11111
45.1111
59.111
55.111
68.111

••••••••••••••••••••••••

LOCATION:

CIJ/tL/YlbtL'< UIa.$h
STORH TYPE:

I
:,1
'I
;1
,I
'I
I
I
I
I
I
I
I
I
I
I

01

I
I



I
;1 S~NT~

BRRBARt=I
URBAN

11 HYDROGRt=lPH

LOCATION:

:1 /It/I, Sc.hool Wa$h
STOR/'! n'PE;

,I /OO-!1ea.r

SOIL TYPE "B"

,I
AREA= 576. 99ac.res
29.% IIlPervious
29.% Directly Connected
Tille oi Cone.= 13. lIin.

I io= 1.19 (in./hr.)
ie= 1.19 (in./hr.)
F= 9.98 (in.)

I
Tille Int.= 5. I'lin.

T (Ilin.) P <in. j

I
5.ge e.e6

19.99 9.99
15.99 e.81
28.e8 a.51

I 25.00 9.39
39.99 e.39
35.99 e.21

I
48.99 9.18
45.99 9.15
59.99 8.12
55.ee e.99

I 68.99 9.99
65.99 9.ge

·1 Total Precip.= 3.913 in.

RAINFALL HVETOCRRPH

I Pk. 5.llin int.= 9.81 in
Vunits= 8.94 in. ~

I ",in•
••••••••••••••••••••••••

5.11

'I 19.111
15.1111111111111111111
29.111111111111

'I
25.1111111111
39.11111111
35.11111
48.11111

I 45.1111
58.111
55.111

I
68.111

••••••••••••••••••••••••

T (f1in.) Q «(,fs)

5.99 9.ge
18.99 16.34
15.0e 866.84
29.913 1925.97
25.139 2164.99
39.99 2989.86
35.ee 1836.44
49.69 15313.42
45.99 1256.57
S9.ee 1ge4.41
S5.0e 768.19
68.ge 576.52
65.09 417.94
7B.ee 281.65
75.ge 139.81
89.ge 127.92
85.99 86.213
99.ee 58.e'j

Q Peak= 2,164.99 (cis)
Tille to Peak= 25. l'lin
Yol.= 4,559,148.69 et
Vol.= 2.18 in.

Y<UNITS= E3.> ~

a.e9 2.16
3.ee

1----------------------- 1



:.: .

-,
I,
I

I
I

G (GfsJ
B.e8
3.27

617.58
13S1.l.11
1534.91
1458.32
1248.93
1996.39
797.87
615.66
467.19
368.69
265.89
179.19
129.76
81.38
54.84
36.96

T (f1in.)

5.99
le.ee
15.99
29.ge
25.B9
39.99
35.e9
4e.ge
45.ee
59.96
5s.BB
69.ge
65.e9
79.Be
75.139
88.ge
SS.Be
99.9B

Q Pea~= 1,534.91 (G(s)
Til\€ to Peak= 25. "ih
Yol.= 3,B69,293.92 Gf
Yol.= 1.47 in.

Y(UNITS= E 3.> ~

B.Be 1.53
a.Be

i-----------------------I

T (flin.) P (in.)
5.Be 9.B5

19.89 8.86
15.Be 9.62
29.09 9.39
25.99 9.313
39.99 9.23
35.ge 9.16
49.ge 9.14
45.99 B.12
59.8e 9.139
55.e9 9.97
68.09 B.B7
65.08 9.ge

SOIL TYPE "S"
AREA= 576.09 acres
29.% IIIPervious
29.% DireGtly Connected
Tille of Cone.= 13. lIin.
fo= 1.39 (in./hr.)
fG= 1.39 (in./hr.)
F= B.Be (in.)
Tille Int.= 5. lIin.

SANTA
BARBRF:R
URBRt·~

HYDROGRRPH

Total Precip.= 2.39 in.

RAIHFALLHYETOGRAPH

Pk. 5.lIin int.= 8.62 in
Yunits= 8.83 in. +

I\in.
••••••••••••••••••••••••

5.n
18.n
15.1111111111111111'••
29.111111111111
25.IIIIIIIUI
39.11111111
35.11111
49.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCIHIOH:

1It7A sr~j,OD/ M%h
STORM TYPE:

II
,I

:1
:1
-I
,I
I
I
I
I
I
I
:1

I
-I
'I
I
I
I



Total P~e,ip.= 1.ge in.

RAIHFAll HYETOGRAPH

i (l'Iin.) Ii (cfs)

5.06 6.ee
la.ee e.ee
15.ee 147.91
28.ee 339.16
25.0e 366.62
38.ee 326.24
35.0e 275.41
40.ee 228.e9
45.e8 189.66
58.ee 157.23
55.ee 128.84
6e.Sa 186.4:5
65.ae 81.53
7e.00 54.95
75.ge 37.133
sO.a!! 24.95
85.0e 16.82
96.ee 11.33
95.00 7.64

Y (UHITS= I.) of

: I

Q PedK= 366.62 (Cts)
iil'\e to Peak= 25. /lin
Yol.= 749,951.49 Gf
Yolo = 8.36 in.

8. 367.
e.

1-----------------------1

P (in.)
8.92
0.e3
8.27
13.17
B.13
8.18
8.97
B.96
0.95
8.94
a.93
6.83
a.8a

T(Ilin.)
5.90

16.06
15.0e
2B.ee
25.98
38.86
3S.0e
48.e8
45.6e
58.ae
55.ee
6e.ee
6S.eO

Pk. 5./lin int.= e.27 in
Yunits= e.81 in. +

SOIL TYPE "B"
AREA= 576.00 a,~es

29.% I/lpe~vious

29.% Di~ectly Conne,ted
Tille of Con,.= 13. /lin.
fo= 1.56 (in./h~.)

fc= 1.5e (in./hr.)
F= 9.99 (in.)
Tille Int.= 5. /lin.

SANTA
BARBARA

lIRBRN
HYDRO GRAPH

flin •
••••••••••••••••••••••••

5.11
19.111
15.llllllllflllllllllll
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
59.111
55.111
6e.111

........................

LOCATION:

/lIrA gchoo/ {,{jLsh
STOR/'! TYPE:

II
':1
:1
:·1l

i

;1
:1
I
:1

I
I
I
I
I
I
I
'I
'I
I
I



Total Precip.= 3.99 in.

RAINFALL HYETOGRAPH

Pk. 5.lIin int.= 9.81 in
Yunits= 8.04 in. +

Q (cfs)
9.99
6.69

262.18
526.21
598.49
429.93
333.32
248.36
188.85
141.17
99.39
70.17
44.62
29.71
9.62

T (llin.>
5.99

19.98
15.99
29.99
25.98
39.99
35.08
48.99
4S.eB
S8.Be
55.99
68.0e
65.99
79.00
75.08

•

Q Peak= 526.21 (cfs)
Title to Peak= 28. lIin
Yol.= 866,856.38 c(

Yol. = 2.39 in.

Y <lINITS= I.) of

9. 526.
B.

1-----------------------1

I
I,
I

: .
:.

P <in.)
13.96
9.99
9.81
9.51
9.39
9.39
9.21
9.18
9.15
9.12
9.99
9.89
8.99

T (llin.)
5.08

18.Oe
15.98
29.9B
25.09
3B.9B
35.00
49.09
45.99
58.0S
55.99
69.90
65.99

SRt·-iTR
BHRBHF.:H

URBRH
HYDROGRHPH

SOIL TYPE "B"
AREA= 184.0& acres
49% lIIIiH"viQUS

49% Dir~ctly Connected
Ti~e of ConG.= 7 ~in.

(0= 1.le (in./hr.)
(c= 1.10 (in./hr.)
F= B.Be (in.)
Titl~ Int.= 5l1in.

lIin.
••••••••••••••••••••••••

5.n
19.111
15.1111111111111111111
29.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
69.111

••••••••••••••••••••••••

LOCATIOH:

/11a ;1"al1a.GranJe JJ,~fp,

STORM TYPE: ~~~

I
\1
:1
I
,I

I
I
I
I
I
I
:1
:1

I
I
I
'I
I
I



Total Precip.= 2.39 in.

RAINFALL HYETOGRAPH

Pk. 5.!'lin int.= 9.62 in
Yunits= 9.93 in. ~

tl,73

Q (c.fs)

e.ee
1.34

187.49
381.22
364.19
302.8e
227.59
162.45
118.88
85.62
61.14
47.11
31.23
14.58

T (!'lin.)
5.8e

19.ge
15.ge
29.ge
25.99
39.ee
3S.ge
4e.ge
45.99
58.ge
55.ae
69.99
65.ge
le.ee
75.ge

Q Pear.= 331.22 (C{5)

Tifle to Peak= 2B. !'lin
Yol.= 597,663.99 Gt
~·ol. = 1.58 in.

Y{UNITS= 1.> -+

B. 381.
e.

1-----------------------1

P (in.)
9.95
13.96
13.62
e.39
13.38
9.23
9.16
9.14
8.12
9.99
9.97
9.97
9.99

T (flin.)
5.e8

le.ge
15.99
za.ee
25.86
3e.ee
3S.ee
49.ee
45.913
5e.e9
55.ge
69.ge
65.ge

SHHTR
BRRBRRH

IJRBHt-.l
H'lDROGRAPH

SOIL T'fPE "B"
AREA= 194.99 acres
49. % I!'lP€·rvi.)us
48.% Directly Connected
Tiftf Ot ConG.= 7. !'lin.
to= 1.39 (in./hr.)
tC= 1.313 (in./hr.)
F= e. ee <in.)
Tille Int.= 5. !'lin.

STORI'l TYPE:

f1in •
••••••••••••••••••••••••

5.11
10.11
15.1111111111111111111
29.111111111111
25.1111111111
39.11111111
35.11111
49.11111
45.1111
S9.UI
55.111
69.111

••••••••••••••••••••••••

LOCATION:
PJMa.ntL Gnlhde. tlt5-fa.

tva-$h

I
il
:1
,I

·1
:1

I
I
I
I

:1

I
[I

I
I
I
I
I
I



1-----------------------1

: .

leI.

2.87

Q (as)

e.ee
a.ee

47.62
191.38
97.28
77.28
53.94
45.013
35.76
23.76
22.82
18.6';
12.313
6.136

j' (UNITS= I.) +

T (!'lin.)
5.130

lS.aS
15;08
2S.e8
25.80
38.BB
35.99
49.Be
45.80
56.813
55.8e
69.ee
65.a8
78.8e
75.ee

e.
e.

Q Peak= 1131.38 (cis)
Ti!'l€ to Peak= 2e. !'lin
Voi.= 166,531.65 Ct
','01.= 13.44 if'.

T (/l i fl. ) P <in. )
5.013 13.132

18.8e 8.83
15.ee 0.27
28.ee e.17
25.813 13.13
3B.ee 8.1\;
35.130 8.e7
4B.ea e.B6
45.130 B.BS
58.013 8.84
55.138 8.03
6B.ee 9.03
65.08 8.08

RAINFALL HYETOGRAPH

S !=I t·~ T !=I
BARBRRR

URBRH
HYDROGRRPH

Pl. 5.!'lin int.= 0.27 in
Yunits= 9.01 in. +

SOIL T'iPE "B"
AREA= 104.80 acres
40.% I!'lpet'vious
40.% DirectlY Connected
Ti!'l€ of Conc.= 7. !'lin.
to= 1.se (in./hr.)
tC= 1.se (in./hr.)
F= 6. ee <in.)
Til'l€ Int.= 5. !'lin.

/lin.

••••••••••••••••••••••••
5.n

10.111
15.11111111111111111111
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCATIOH:
ft1(JJ1ru,a, c;.""a.",de V,$fa.

STORM TYPE: ~~)7

!I
:1
II
:t
,I:,
I
I
I
I

,I

I
·1
I,
I
I
I
I



Total Precip.= 3.aO in.

RAINFALL HYETOGR~PH

Pk. 5.lIin int.= 9.81 in
Yunits= 8.94 in. ~

T (llin.) Q (ds)

5.88 9.ee
le.e8 1.69
15.8e 126.41
2a.ee 299.39
25.9a 146.46
3e.8e 195.19
35.8e 71.99
48.e8 47.66
45.0e 35.33
5B.8e 24.87
55.88 13.12
6B.ge 7.28
65.88 3.71

Q Peak= 289.89 (cfs)
Tille to PeaK= 2B. lIin
Yol.= 237,522.44 cf
Yol.= 2.11 in.

'f WHITS= 1.} ~

e. 218.
e.

1-----------------------1

P (in.)
8.86
e.e'3
e.81
13.51
8.39
8.313
8.21
9.18
13.15
13.12
9.139
13.99
9.8B

T (/lin.>
5.ge

le.ee
15.ee
2e.ee
25.e8
39.a8
35.013
4e.8e
45.90
sa.ee
55.ee
69.ge
65.ee

SRt..fTR
BARBARR

URBAN
HVItROGRRPH

f1in.
•••••••++••••••••+••••••

5.11
18.nl
15.1111111111111111111
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
58.111
55.111
68.111

••••••••••+.++++.+••••••

SOIL TYPE "S"
RRE~= 31.88 acres
28.% IIIPervious
29.% Directly Connected
Tille ot Cone.= 3. lIin.
to= 1.18 (in.thr.)
f~= 1.19 (in.thr.)
F= 8.98 (in.)
Tille Int.= 5. lIin.

lOC~TIOH :

RJ/'J1<j lit/Is uJa.,sh
STORM TYPE:

II
'····.1:" .

"

'I:
I
I
I
I
I
I
,I

I
·1
I
I
'.

:1
;1
:1
I



RAIHFAll HVETOGRAPH

Total Precip.= 2.38 in.

25.32
16.96
1e.22
6.34
5.31
2.35

Q (ds)

e.ee
13.34

99.55
149.713
1013.97
69.49
42.95

T (/'lin.)
5.8e

le.ee
15.ee
2a.8e
25.ee
38.ee
35.9'1
48.8e
45.1313
59.ee
55.ee
Ge.8e
65.09

Q Peak= 149.78 (cfs)
Tifle to Peak= 29. /'lin
Yoi.= 156,383.:3e d
Yo1.= 1.39 in.

I
I

I
I

I
I

: .
:.
:.

'T {UNITS= 1.) +
e. 15e.
e.

1-----------------------1

P <in.)
9.95
8.86
8.62
8.39
8.313
8.23
13.16
e.14
8.12
8.89
8.87
8.87
9.88

T ("in.)
5.8e

18.88
15.eO
2a.8e
25.ee
3e.ee
35.ee
4e.ee
45.8e
59.e8
55.ge
69.8e
65.89

SRHTR
BARBARt=l
URBAt~

H'r'DROGRRPH

SOIL TYPE "B"
AREA= 31.88 acres
28.% I"pervious
29.% Directly Connected
Tifle of Conc.= 3. /'lin.
fo= 1.36 (in./hr.)
fc= 1.38 (in./hr.)
F= 8.86 (in.)
rifle lnt.= 5. /'lin.

Pk. 5.flin int.= 9.62 in
Vunits= 9.83 in. +

/'lin •
••••••••••••••••••••••••

5.11
19.11
15.1111111111111111111
29.111111111111
25.1111111111
39.11111111
35.11111
49.11111
45.1111
59.111
55.111
68.111

••••••••••••••••••••••••

LOCATION:

fo / /, f1 'j )/;/Is Us/,
STORI1 TYPE:

il
II
tl
'I
I
',I
I
I
I
I
;t

:1
;1
::1

'I
'I
:1
I
'I



••••••••••••••••••••••••

T (l'lin.) Q (c.fs)

5.9B B.OB
le.e9 e.ge
15.913 20.29
29.Be 33.97
2S.0e 29.ee
39.Be 19.27
35.130 b.68
48.86 5.ae
45.013 4.17
S9.ee 3.42
55.ge 2.68
6e.ee 2.27
65.ee 1.22
79.613 13.11

; t

Q P~ar.= 33.97 (Cts)
Title to Peak= 20. l'lin
Vol.= 33,9313.27 cf
Vol.= 9.29 in.

,
I
I _, .

Y {UNITS= 1. >+
B.B 34.8
B.B

;-----------------------1

P (in.)
13.82
9.133
13.27
9.17
9.13
9.19
0.137
9.136
9.85
9.94
9.93
VB
a.oe

T (/'lin.)
5.913

16.136
15.913
29.99
2S.99
313.ee
35.06
49.ee
4S.ee
se.ee
55.813
68.ee
65.00

RAINFALL HYETOGRAPH

Total Preci~.= 1.130 in.

SOIL TYPE "B"
ARER= 31.90 acres
29.% Il'lf.'ervious
29.% Dir~ctly Connected
Title ot Cone.= 3. l'lin.
to= 1.58 (in./hr.)
fc= 1.513 (in.thr.)
F= 8.99 (in.)
Title Int.= S. l'lin.

St=lt~TR

8t=lRBt=lRR
URBt=l t~

HYDROGRRPH

Pk. 5.l'lin int.= 8.27 in
Y units= 9.91 in. +

l'lin.

5.11
19.111
15.11111111111111111111
29.111111111111
25.1111111111
39.11111111
35.11111
49.11111
45.1111
59.111
55.111
69.111

........................

LOCATION:

Rolhh1 hl,1~ ~J,
STORM TYPE:

II
11
II
;'1'

,I
I

i,1

I
I
I
I
I
'I
~I

:1
I
'I
I
'I



Total Precip.= 3.89 in.

RAINFALL HYETOGRAPH

T (fIlin.) g (cis)
5.8e e.ee

10.ee 24.7~

15.913 978.93
2a.ge 2283.89
25.90 2819.11
3a.Oe 2973.2.3
35.88 2881.41
4e.ee 2659.21
4S.ee 2486. 62
59.Sa 212'3.63
55.S9 1834.29
60.Sa 1561.36
65.8e 1297.75
79.88 1!Hl.61
75.ge 836.83
89.ee 671. 133
85.8a 533.59
96.80 432.29
95.89 346.97

lea.ee 273.49
185.ge 223.52
ue.ee 179.41
115.138 144.88
123.98 115.58
125.98 Q-"\ .......

,L.{{

1313. ee 74.46

Y{UHITS= E 3.> +
a.ee

"

Q Peak= 2,973.23 (cis)
ii~e to Peak= 38. fiin
Vol.= 8,644,527.32 ci
Yol.= 2.28 in.

•

9.ae
1-----------------------1

P (in.)

8.86
S.89
0.81
9.51
8.39
8.38
9.21
9.18
8.15
9.12
9.99
8.89
8.8e

25.08
38.88
35.ge
49.89
45.8e
59.8e
55.99
69.8e
65.88

T CfIlin.)
5.e9

lS.Se
15.89
29.99

Pk. 5.fiin int.= 8.81 in
Yunits= 6.04 in. ~

SOIL TYPE "B"
AREA= l,e4S.ee acres
49.:~ Il'Ipervious
49.% Directly Connected
Ti~e of Cone.= 23. fiin.
fo= 1.10 Cin./hr.)
ic= 1.19 Cin./hr.)
F= 8.88 (in.)
Ti~e Int.= S. l'Iin.

S Rt-.lTt=I
8 R F.: 8 t=I F.: t=I

U F.: 8 t=I t-~

HYDROGRRPH

flin •
••••••••••••••••••••••••

5.11
18.111
15.1111111111111111'11
28.111111111111
25.1111111111
38.11111111
35.11111
48.11111
45.1111
56.111
55.111
66.111

••••••••••••••••••••••••

LOCIHIOH:

:BSeh,l/ ~h
STORH TYPE:

tl
,I
"

il
·1
;··1·! .

I
'I
I,
'I
I
:1
:1
I
I
I
;1
t
I



RAINFAll HYETOGRAPH

Pk. 5.f1in int.= 9.62 in
Yunits= 9.93 in. -+

I

j

T \l'Iin.) Q (ds)
I

5.136 a.ee
lil.ee 4,'~5

15.90 695.74
20.0e 1647.42
2S.ee 2915.27
39.ee 2112.52
35.1313 21317.33
40.ee 1S2'1'54
45.00 162 13.32
59.ee 1429.36
55.89 1219.23
68.ee 1947.89
65.139 875.72
79.ee 702.88
75.8e 564.15
Sll.Se 452.81
85.e9 363.44
ge.ee 291. 71
95.ee 234.13

1ge.ee 1:37.92
195.ge 15e.83
1113. ee 121.136
115.ee 97.17
128.ee 77.99
125.89 62.69

~ Peak= 2,112.52 (CfS)

Ti"e to Peak= 30. "in
Yol.= 5,946,592.53 Ct
Vol.= 1.57 in.

Y(UHITS= E 3.> -+
a.ee 2.11
(l.ee

1-----------------------1

8.1&
13.14
13.12
9.99
9.97
9.97
0.89

9.23

P (in.)
0.e5
e.e6
8.62
13.39
8.39

T \l'iin.)
5.1313

19.130
15.89
29.89
25.136
39.8e
35.90
4B.ee
45.06
Sa.e9
55.08
69.08
65.91.3

SAt'~TR

BAR8RPA
UR8Rt·~

HYDROGF~HPH

"in.
••••••••••••••••••••••••

5.11
19.n
15.lllllllllfllllll111
213.111111111111
25.1111111111
30.11111111
35.11111
49.11111
45.1111
59.111
55.111
68.111

••••••••••••••••••••••••

;2 S- - !1ea.r
SOIL TYPE -B"
ARE~= 1,945.98 acres
49.i; Iflr.·ervious
49.% Dir~Gtly Connected
Tifle ot Conc.= 23. f1in.
to= 1.39 (in./hr.)
tc= 1.3e (in./hr.)
F= 9.ge <in.)
rifle Int.= 5. flin.

lOCATIOH:

;8~ej,J// ~h
STORM TYPE:

II
II
; '-

il
'I
,I
'I
~I

I
I
I
,I
:1
'.1
·1
'I
:1
.1
I
I



Total Precip.= l.ee in.

RAINFALL HYETOGRAPH

Pk.5.llin int.= 8.27 in
Yunits= 8.91 in. ~

T (!'lin.> 0 (e.ts)

5.0a 9.ee
19.0e 9.013
15.ee 179.44
2B.ee 441. 02
25.80 539.6e
39.ee 559. E,?
35.eB 526.13
4a.e~ 486.64
45.0B 445.94
59.ae 401. 75
55.8e 357.11
68.ae 316:.33
65.813 26B.75
7B.ee 215.79
75.89 173.13
ee.ee 133.96
85.89 111.53
ge.8a 89.52
95.0e 71.85

189.e9 57.67
105.ee 46.29
119.ge 37.15
115. ee 29.32
129.8e 23.93
125.ee 19.21
138.ge 15.42

Q Peak= 55e.67 (cfs)
Tir.e to Peak= 39. Ilin
Yol.= 1,6621392.99 cf
'(01.= 0.44 in.

'f <UNITS= 1. > t

e. 551.
e.

1-----------------------1

J

P <in.)
a.92
e.9J
9.27
e.17
9.13
0.113
B.B7
9.86
e.B5
9.94
9.93
9.e3
e.ea

T (!'lin.)

5.a9
le.ae
15.ee
2B.eO
25.66
3B.ee
35.ea
4B.eO
45.00
5a.ee
55.eO
6e.aS
65.80

SHt-~TH

BHRBHF.:H
URBHt·~

H'y'DROGRHPH

c2- yea:.r­
SOIL TYPE 'S"
AREA= l,945.ge ~cres

49. i; I Ilper-v iOIJ~-

49.% Directly Connected
Tille Of Conc.= 23. Ilin.
fo= 1.58 (in./hr.)
tc= 1.5e (in./hr.)
F= a.Be (in.)
Ti~e Int.: 5. /lin.

/'lin•
••••••••••••••••••••••••

5.n
18.111
15.11111111111111111111
28.111111111111
25.1111111111
38.llIllIn
35.11111
48.11111
45.1111
58.111
55.111
68.111

••••••••••••••••••••••••

LOCATION:

Kb~eA,JI Ith..;>h
STORM TYPE:

~I

,I
11
-I
'I[,
I
I
I
I
I
,I

I
I
:1
'I
;1
-,
I
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Printer should be set to MANUAL mode for execution.

USER mode is not required for execution of any of the programs.

Programs contain synthetic functions and characters.

MOD E L
URBAN

BARBARA UNIT- HYDROGRAPHSAN TA

"This model computes a runoff hydrograph from an urban area directly from
sucessive rainfall increments without going through any intermediate process ll *

Package includes 3 programs, the S.B.U.H. Model (program "SB tI
), a data

loading program (program "LDII),·and a hyetograph plotting program (program "PH II
).

Program requires a HP-41C with at least 3 memory modules or a quad module or
a HP-41CV. A printer and card reader are also necessary.

Some program algorithims were derived from Bernard Golding1s HP-97 program
(enclosed). Equations and calculations are nearly identical.

til
-1'-,' .

!I
;1
-I
-I

-'

I
I
'I
J
I
'I
;1
I
I
;1
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,USER'S GUIDE FOR THE SANTA BARBARA UNIT HYDROGRAPH PACKAGE

Inputting Rainfall Data: (Program "LO")

Load Program "LO" into calculator. Size must be set to at least 19 + N,
where N = number of rainfall intervals of storm.

Execute program (XEQ ALPHA "LO ll ALPHA).

Program prompts liT. INT.? (MIN)". Input time (minutes) of rainfall inter­
vals and key RIS.

Program prompts llT='x' P=?" where 'x' = corresponding time of rainfall
interval. Input rainfall amount and key RIS.

Continue until all rainfall data has been entered. To continue execution
of program, at the prompt, merely key RIS without entering any data.

Program prompts "ROY 01 of 'y"', where lye = total number of mag. card
tracks (2 tracks I card) required to store data. Insert cards until prompts
are satisfied. This step can be bypassed by keying RIS twice if user does not
want to store data on cards and only wants to use the data for a single run of
the S.B.U.H. Model, or user does not desire a plot of the runoff hydrograph
(Le. Flag 02 has been manually set by user) in which case the rainfall data
will remain stored in calculator after execution of the model. (The use of
Flag 02 will be further explained later on).

/'

Program prompts "CARD 'MO. = 'Z"I., where z = N + 19. This value should be
recorded on the card by the user as it is required for future execution of the
S.B.U.H. Model. Register z is the register following the last register contain­
ing a rainfall value. Register z contains a zero.

Rainfall data is now stored in registers 19 through z-l. Register 18
contains the time interval in hours (program has converted the 'minutes' input
to hours). Register 17 contains the value of z. Registers 00 - 16 are used
in the execution of program "SB".



The 5.B.U.H. Model: (Program 15B")

The following flags can be manually set or cleared by the user for the
following effects:

When clear program will list rainfall data with corresponding time
--I

intervals, calculate and print total rainfall amount and if program
"PW exists in the calculator, will plot a rainfall hyetograph.

When set ,program will not list rainfall data, total rainfall amount,
-/\ -

or plot a hyetograph. Execution time will be)ncreased and less
printer paper will be used.

When clear, program will store calculated runoff in registers pre­
viously occupied by rainfall data and plot a runoff hydrograph. A
larger 'size' is required though as the time duration of the runoff
event is greater th/~ that of the ra i nfa 11 event. A very approximate

method of determining required size is:
S = INT:~ (27 + N)

where: S = size requirement
Pt = total rainfall amount (inches)
N = number of rainfall intervals
INT = integer value of

In most cases this is an over estimate of the required size,
but conditions can exist wher~1method will give an under-estimate
of the required size, in which case~program will prompt NONEXISTANT ..
Program can be reexecuted by keying in a larger size and then keying
RIS. If possible set size greater th;{~ calculated S. To reexecute
program "SB" after execution of the program with Flag 02 clear, rain­
fall data will have to be reloaded, either by mag. cards or program

Program "LO" may now be cl ea red if desired. (CLP ALPHA "LO" ALPHA).

Flag 01:

Flag 02:

, )
r'" ./f (-'
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'~ ..
I

t",. .. ,.'. {.'
When set, program will not store calculated runoff data and a hydro­
graph will not be plotted. A size of N + 19 is sufficient. Execution
time will be reduced and less printer paper used. Progra 1158" can

1\
be reexecuted without reinputing rainfall data. 'n1

Flag 03: When clear, program will print a header, including space for the
user to mark location and storm type on print-out and list all input
data. (The prompt and printing of IIS0IL TYPE II is included so user
can keep a record of the soil type at location of watershed and is
not used in any program calculations).

When set, program will not print header or input
will be increased and less printer paper used.
?z...--:-,."':!;...?" F·t:/,·;,e- .. j/J:··.,I ,~~-r ,,L'-!"::04 ·,·.···f.

data.
.:;-) (L

Execution time
..,-' 'f';"O :.: ., ;. >; I l ...

EXECUTING THE S.8.U.H. MODEL.

Program prompts FO= ? (IN./HR.). Input initial soil infiltration rate.
See Golding description. Key RIS.

Program prompts Tc= ? (MIN). Input time of concentration of basin
in minutes. See Goldings description. Key RIS.

Key RIS.

Input final soil infiltration rate

II
Program promts IIAREA= ? (ACRES)~. Input area of basin.

Program prompts Fc=? (IN./HR.).

II I'
Program prompts 1= ? (%);. Input percentage of basin that's imper-

vious. See Gouldings description.

Execute IIS81t (XEQ ALPHA IIS8 11 ALPHA). Program prompts IICARD NO. ?".
Input card number (card number = N + 19) and key RIS. If rainfall data
was previously loaded no input is required and execution will continue
by keying RIS. Program examines data registers to determine if registers
contain rainfall data and agree will card number. If registers do contain
rainfall data go to (2). Program now prompts IILOAD RAIN Cd. n

• Load mag.
cards containing rainfall data until prompts are satisfied.

II ~

Program prompts It= ? (%)~ .• Input percentage of impervious area that
runs off directly into channel. Key RIS.

(1)

(2)

(6)

(5)

(7)

I
I
I



Program lists rainfall data and prints total storm rainfall amount.

Program prompts F= ? (IN). Input inches of available soil moisture:

See Golding description. Key RIS.

I
;

.., ..~See Golding description.

Program sounds a tone and prompts ROY 01 of 'x'. This allows the user
to store the calculated runoff data on mag. cards if desired. Load mag.
cards until prompts are satisfied. Execution terminates. If it is not
desired to store runoff data on mag. cards, key Rls twice and execution

will terminate.

If flag 02 is set program will terminate. If flag 02 is clear program

plots runoff hydrograph.

If Flag 01 is set go to (11). Program prompts SOIL TYPE? Calculator
is preset to ALPHA mode. Input soil type. See Golding description.

Key RIS.

Program calculates area under infiltration curve. See Goldings descrip­
tion. Execution time is proportional to the F value and may take as long
as 2 minutes. If the F value is unreasonably large, program will appear
to be in a continous loop and may eventually error out. Program uses
a decay coefficient oL.,2. This may be changed by changing lines 193 and
and 238 of program "SB" to the negative of the desired decay coefficient.
Program prints calculated runoff with corresponding time. Program

con~D,ues ~en-Q is less then 3% of Q peak.
V.-VI r(:t.

Program prints Q peak, Time to Peak, Volume of runoff in ft
3

. and in inches

over basin.

(9)

(8)

(14)

(lS)

(l3)

(11 )

(l0)

I
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II
II
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STEP INSTRUCTIONS INPUT KEYS OUTPUT
DATA/UNITS DATA/UNITS

~ CJ c:=:J
I "I"1'1\ 1'.. I',r (.), .. ,...1 r 1"1 W\ ,) R CJc=J

J ~/ c=Jc=J
. ,. n~ 1 ra} c:::=J c:J

CJ c:=:J
CJc=J

- CJc=J
J 1'.tr1'J\"r~ nf ffr II Dt rrJ H\. 11/--/ CJ·CJ_.. , ...

j J CJ c:=:J
c:::=J c=J
CJ c:=:J

- /l CJCJ
1 ;r T ,'" 1'1 rtr 7Tr (J CI rn JY\ Ln CJCJ

J ./ CJ[:=J
CJCJ
CJCJ
CJc=J
CJ c:::=J
CJCJ
CJc=J
CJc=J
CJCJ
CJCJ
CJCJ
CJCJ
CJCJ
CJCJ
c=JCJ
CJCJ
CJCJ
CJCJ
CJc=J
CJCJ
CJc=J
CJCJ
CJCJ
c:::=J c:::=J
CJCJ
CJCJ



I
tl
11

Usc.- IIIS(,I·II(~ti()IIS

:IEP
INSTRUCTIONS INPUT KEYS OUTPUT

DATA/UNITS DATA/UNITS

'r [=:J [=:J
I

I_ I I'rll'na nT' PrDd rlfW\ ,C:; Ii [=:J [=:J
,I J -J CJ[=:J

( ]/) c=Jc=J
I • /3' CJc=J

Ja CJ[=:J
I CJc=J

" c=J [=:J,- CJ[=:J'. CJc=JI. c=J [=:J
I [=:J c=J

,I CJc=J
CJc=J

• CJc=J

rr
CJc=J
CJc=J
CJc=J
CJc=J,
CJc=J

- CJc=J
CJc=J

,8 CJc=J
r- CJc=J

'I CJc=J
CJc=J
CJc=J

I CJc=J ;

CJc=J

I
CJc=J
CJc=J
c=Jc=J

01 c=Jc=J
c=Jc=J
[=:J c=J

01 [=:J c=J... CJc=J

1I [=:J c=J
c=Jc=J



COMMENTS

51? sro 15
t·0 F! :': 2
~·l F~;:? OJ
6;~ Gl0 14
63 "SOIL TYPE ~'"

6~ PSTO 'r'
65 POH
66 PROjllc'T
67 PSTO :~

68 HOFt:"
69 SF 12
?e" St:lHTH"
71 i7mE~

72" BARBARA"
73 PVIEW
74" UtET"
75 ~Ymi

n " HYBROGRAPIJ<
77 QVIEW

79 flDV
He "LOCATIOH:"
3\ H'I"lE~

32 ADY
:33 ADV
84 "STORM TYPE:"
85 Rvml
8€, P.D~'

- 5.7 "F= ? <IN)'
5:~ PROMPT

STEP KEY ENTRY KEY CODECOMMENTS

l'GT~) 1~

15 X( :',y

21+LBL It
2~~GTO 11

!7 -
16 t

~7 "CARD HC','"
08 PROMPT
eQ ~;;iO 17
113 EHiERt
II EHTEF.:t
t;~ RCL ! HIt ~:

18 RCL Ifir: i:
!? ;~t~?

25 17

26 +
27 C= 2:

290V!Ei'~

3'3 ~IIIT~(

I
;1
:1
;1

;1
'I
I
I
I.
I

S7P.DV

I ::--'·'.E:L ! 1 38 1lI!V
. --- :: -q= ~ (ACR~~)~ 89 CLD

?~ PPO~PT 9C CLA
35 ~:;jO ~e 91 ~F.~CL IT'·1 - J£. "r= .) ", 92 "f-YPE "
37 PRQ~;~ 93 ~CR

?4 qGX

I 3'~ ~.; 9S PRBIJF
4~ STO ~~ 96 -HREA= "

- 41 "rT=.:' '37 ARCL ee
tZ PROMP7 - 93 "j- ~cre's"·1 - ~:. E 99 F'~H
44 :~ lae RCl 92

- 1131 E2.1 - 41; "Te= ~'M;N>" II II~~.', F*I'I. "_
47 PROf'T Q. n

48 sro ed 104 CL~

I
t 9 "t!)" 105 HRCL :.:

.
Sf XE0 Ie --- 106 "~% I~p~rvious"

5! STO ~3 le7 PR~

5:- "~e' las CLP

I S3 :~EQ 1e ,I _ Ilal~.· REC:>L. Bl
5·~ STO 05 n _

I
55 - - ~~L·lI1l; ;·RI.~I.. ~..'% STO 12 . ;.: 1'1 __ ..

. ~ -r.- -,.;::--__--,.=- or.-_~R.:::.EG::::.I~S~T.:::.E:.:.R::::.S __r-.::- "T:'" "'""T;;' --r:~__-i
o 2 3 4 5 6 7 8 9

51 52 53 S4 55 56 57 S8 59

A D IE



C
OISPTRIG

SET STATUS

-
-
-

-
-
-
-
-

COtlt. -

o

1~38 :;T(I 83
IB?+LBL ~1

- 198 E-2
191 ST+ 98
192 PCl 138
19.3 -2

FLAGS

172 >;\y-i

173 GTO ~~

174 flDV
- !?5 'Tot,'l! Pt'~CIP.= •

176 ~RCl \.1l!
- 177 "~ in.·

17~:: PPf!
In SF 25
18e XE9 ·PH"
131 CF 25
182 •
133 STO 98
184 ~TO 139
135 CF 29
136 FI,: 2

195 Et~:

196 ~'CL 12
197 ..

194 *

IS7 18

198 STO 11
- 199 E

2e~ ;~

2Bl ST.,. 89
28::' PCl 69
2\.13 RCL 15
264 >:>'1''1
265 GTO 0!
2e~, RCL 11
2137 F.'CL es
28:3 +
2139 STC' IS
211J CLX
211 srI) 139

... 212 .~ (c.fs·
213 XEQ 12
214 CF 29
2IS+LBL 62

- 216 E
217 sr+ 83
21e RCl IND 133

- 219 sro [
2213 E~TERt

22! RCL 14
- 222 E-l

223 X<=Y?
224 GTO 83.

E

COMMENTS

LABELS

~TFP KEY ENTRY KEY CODE COMMENTS

,...----------... lE'l Afl'~ -----r----------__--,
: 17e P(L ~~

!71 PC~. 17

145 I

162 7

146 HR
147 STO 64
148 FIX 2
149 18
158 STO B3
151 FS? 61
152 GTO al
153 "p On."
154 XE9 12

I.
1SS+LBL ee

, 156 E
, 157 ST· 63

158 RCL ~7

159 ST· 11
166 RCl 11
It-I flO:

163 S~PCHR

164 RCl IHD lJ3
165 SH 88

'll~6 AO:
, 167 2

168 Sr.F'CP.R
I

I
I

IFP KEY ENTRY KEY CODE
--- 113 .~% nire0t~y Con'

'I~ ! 14 'I-nec.ted'
, ~ Ie; PRCi
, -1 Ii; 'Til'll? ojf CorE. = •
, 117PRCl 04
'r-l1~.) .~ ~in,·
, 1!'j PPP.

1213 FI>: :2'I- 121 PCl B3
, 122 • f 0'

123 XEg 13
1~4 RCl 8S

--'125 "tC"
• 126 >:EQ 13

127 "F= "'I- 128 ARCL 15
. 129 "~ (in.)"

1311 PRQ
-131 ·TiM Int.:: '

I 13;+L~L 14
!3..' RLl 18
134 HI1S't 135 E2
136 *
137 FIX ~

[

138 STO 67
. 139 P.RCl X

148 "~ !'lin,"
141 Fe? 133
142 PR~

143 RCL64
14.{ L!:Jsn:

I
'I
I
I

c
DEG 0
GRAD 0
RAD 0

FIX 0
SCI P
ENG 0

"--



;1
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS- 225 R!.l l 2:::J t I

I 22~, ST+ 14 .'
·}o') RCL 18~:..1i.

-;')7 XO'" 283 "__ ... 1
(.

222 RCL 14 284 *

'I
229 X(=y? "'OC' -,.., ....'
238 GTO e6 236 RCL ~4

231 XOY 287 2
232 - 288 .:

I - 233 S10 [ 289 RCL 18
234tLBL IE 290 +
235 RCL 18 291 Ll~ST:~

·1. 236 ST+ ~8 292 X<)y
237 RCL 08 293 /

I 233 -2 294 *'''7Q to 295 RCL Ie11 L"_'.-

2413 p" 2% +I/o,

241 RCL 1'. ?Q7 STD 1~.:. ... ~I

242 * 298 ST+ ...
it

I 243 RCL C5 - 299 RI~L [

244 + 38fi SiO at
245 STO 11 381 pel 11
246 RCL 1" I

382 STO It:

I
.~I

! J

247 + 383+LBL eE-
248 2 384 R(:~ 18
249 ./ 3es ST+ 89

I 258 RCL 19 3136 RCL 139'J

251 * 337 F?C
- 252 E 3133 H!'lS

I
253 RCL 61 3~9 RHfi
2'5.t - -3113 E2
255 * 311 *- 256 E 312 RCL e9

I 257 RCL 02 313 INT
2SS - 314 €.i3

-259 RCL [ 315 *
I 26e ., 316 T

261 V(\.... ~t" AC~:r...... I Jd
262 - 318 pel Ie

I
263 X<9? 319 EHTERt
264 Gro 134 3213 X(=8'i

-265 RCL [ - 321 E
266 RCl 82 322 lOG

:1 26-7* 323 TNT
268 + 324 7
269 GTO 05 325 YOV

I
27A.tLBL 94 326 -

- 271 RCL [ 327 SKPCHR
272 RCl 132 328 )()'(

273 * 329 flCX .
:1 274tLBL es 3313 2

27S RCl ell 331 SKPCHR
276 ., 332 AD\'

[I
')77 RCL 18 333 RCl 13<'11

278 / 334 RCl 18- 279 STI: [ 331 FC? 82

I
I--- 2se RCl &6 336 STO INil 93

REGISTERS
0 1 2 3 4 5 6 7 8 9

I
SO 51 52 S3 54 55 S6 57 58 59

-A IB Ie 0 IE P



KEY ENTRY KEY CODE

r '-"g'·U'" LI'~""'~
COMMENTS QTI=P KEY ENTRY KEY CODE COMMENTS

I 33: X(=Y? ..... 393 .1- cr·

:, 338 GTO 99 394 PRj:!
339 STC I.J 395 RCL ee
341.1 RCL e9 396 3638

, ,
341 STO &7 397 ..

'~ 342 GTO 62 39!?: "
343tLBl 89 - 399 ·Vol.: .
344 i<:Cl 17 4913 ARCL X

" 345 FCL 83 4e1 •1- in .•
346 1«Y" 482 PP.A
347 GTO 132 403 ADY

l
348 RCL 13 49d FS? 82
349 3 495 STOP
?~,~ ~~ 406 CLX
351 ?CL HI 497 STC ee

')I. 352 'I.(='(? 48e STO 84
353 GTO 14 489 RCL 13

!...... 7t:~ E 418 5TO IH.! ....,)'t

II.'
355 RCL e~ 4lt 168
356 + I 412 STO 82
7"''' 413 elX-.h.li

r: 35$ STO HiD Y 414 19
359 GTC az 415 STO 11
368tLBL 14 416 XRO!'l ·PRAXIS·
361 CHS 417 t LBL 8S

II' 362 STO IliD 83 418 RCL HUt 11 ·
I 363 ADV 419 X<9?

364 SF 29 428 CTO 14 ·

I
' - ~F.S .g P.:-ak= • 421 RECPLOT -. ' ~.~ .

366 RRCL 13 4')',) E~~

- 367 .1- (ds~·
, 423 ST+ 11 "I368 PRA 424 GTO 9S ·

I 369 FIX e 425+LBL 18
: - 37e ·TiM HI Peal:::= . -426 -t-=? <IH,IHR, j •

i 771 RCL ~7 427 PRO!'lPT -..... .A-

I
' 372 HI'lS 428 RTH -
. 373 FI:!C 429+LBl 12

~' ...... 374 £2 43e ASTO X -
375 • 431 ADY -

'I' 376 RCL 97 -432 ·T (f'lin.) . -
377 un 433 P.RCl X -
378 60 -434 .f") . -

;1 379 ., 435 RCA -
389 + 436 ADY -
381 AP.CL X 4371HH -- 382 .~ ~in· 438+lBL 13 -

I 383 PRA 439 .~= . -
334 FIX 2 446 ARCL X -
335 RCL 18 -441 .1- (in.thr.)r -

I 386 60 442 PRA -
387 Xt2 443 RTM -
383 * 444+lBL 14 -

I
389 RCL 16 445 AltY -
390 * 441; ADY -

-391 ·Yol. = . 447 AJ)'~ -
392 RRCl X 448 ADY -

I

I LABELS FLAGS SET STATUS
A B C D E 0

FLAGS TRIG OISP
a b c d e 1 ON OFF

10

.
0 0 0 DEG 0 FIX 0

1 2 3 4 2 1 0 0 GRAD 0 SCI 0

5 6 7 8 9 3 2 0 0 RAD 0 ENG 0
3 0 0 "-..



I fr, "OW' LO

I' STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

449 RGL II Ij Itl8L "LD"
45~ F. e~ 18

:1 451 - 03 :3TO IE
( e4 "T. IHT. ? omn-452 E3 -

453 .I P.5 PROMPT
454 13 1j6 STO as

I 455 + 97 STO e9
4% BEEP - 13:3 E2

457 WDHlX e9 .I

:1, 458 ElJli 18 HR I
It STO 18 I12 nix: e I

t3.LBl 01j

I(I .J, GrH'nb€r~
I _14 ERobt?r~

?9113 E. Lee St. 15 ST+ 83 !

Tl)(.son, Rz. 85716 16 "T:"

I Ph. : 6~2-881-35:>3 17 ARCL 89

fIB .. 7:394 18 "I- P= ?"
.119 :

20 PROMPT

I 21 STO IND H~.j

22 RCL as
23 ST+ 89

'I 24 RCL 83
25 STO 17
26 FS?C 22

I
27 GTO 98
28 RCL 17

.... 29 E3
030 30 I

;1 31 17
'1

32 +
33 WDT~>:

34 ·CARD NO.= .
I 35 PRCL 17

36 PROI1PT
37 EI~D

'I
r

I
040 Robert J. Greer.bel'~

I
2911:1 Eo lee St.
T')c,:on, Az. 85716
Ph. 692-881-3558

I
{]Jl! I 7894

-I
050

;1
110

·1 REGISTERS
0 1 2 3 4 5 6 7 8 9

I SO Sl 52 53 54 S5 56 57 S8 59

fA '1:1 'I" In I ...



I Fr t) .~ ,0 I"l

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
-I eltLBl "PH" '57 '"n' 13:,1 r ...

92 SF ')0 58 -,.in. ",-,

133 e '59 pP.fi
'34 STe 'i' 613 XEQ 14_"

:11 e5 STO l!8 61tlBL €II
136 pel 1& 62 pel 139

I
'1 7 Ht'!S 63 RGL 17.1

.,
138 ElnERt 64 X(=Y?:'1 139 FRC 65 GTO 14
IB E2 66 pel 11
1t * 67 ST+ 9S:'1 12 XOy 68 RCl 98
13 [NT 69 >:=13?
14 613 713 1 I

I

.1 15 *' 71 LOG
IE. t 72 Ii'll
17 STO 11 73 "l-
18 FIX 13 74 >:< >Y

I
I

" 19 19 I 75 -I

213 ST!) ~9
I 76 SKPCHR

21tlBl 131) 7" ReL eBIf

I 22 RCl e3 78 RC:~

23 RCL IHn 139 79 "J"
24 >c,y? 813 e

I
25 ST!) 93 SltLBI. 92
26 • 82 Rel 83l
,,~ ST" 139 S3 +r:J

28 RCl 139 ,\J RCL IND 13'3oj't

I 29 RCL 17 85 X=i3?
313 X}V" e6 CLA
~. GTO ee 87 RCR,,)1

..I
32 pel In S8 XOY
33 EHlERt 89 >:{=Y?
34 EHTERt 913 GTO 92

.\

3'5 I';' 91 PRBIJF=.'

·,1 36 .I 92 1
~7 STO 03 93 ST+ 139.,)...
33 19 94 GTG 131,

:1 39 5TO 69 95tlBl 14
40 I1D',' j6

_______ a

41 " RRHIFALL HYET" Q7 RCA, I

·1
42 "rOGRAPH" 98 RCA
43 PRA 99 RCA
44 ADY 1130 RCA
45 "Pk. " 191 AD';

.1 46 RPCl Ii 1132 .EHI!.
47 "rftin int.: " I
48 FIX 2 I

I
49 APCL Z Robert J. Greenber'3
sa "j- in" 29113 Eo lee St.
SI pp,A ruc.son, Az. 85716
52 "Y units: " Pt•• : 6132-881-3553

I 53 RRCL Y i fiB t ?894
54 "r in. .," tSS PRft

..
I 1

56 ADY I I T
LABELS FLAGS SET STATUS

B C D E 0
DISPFLAGS TRIG

I
b c d e 1 ON OFF

0 0 0 DEG 0 FIX 0
1 2 3 4 2 1 0 0 GRADO SCI 0

.'i 6 7 8 9 3 2 0 0 RAD 0 ENG 0., n n
n___



II -_.- , , '.. I I ' "
J

I
;

Usc.- III(St.-IICti()11S
-{ i

I

11
//

f~· 1!p, I

z~~1 i I7'" .rz./~, f! /" , &II . , '-- . '. f~ ~

~
~. • • • - •

CI INPUT KEYS OUTPUT
INSTRUCTIONS

DATA/UNITS DATA/UNITS

CJCJf-

CJCJf-.
,....,

';:::>0 • CJCJ
_Fr,,,,~ - -(')u7 '1= X-Ct ,."n / ed- c=Jc=J,. " CJCJ

CJCJ

-I CJCJ
CJCJ
CJCJ

•

CJCJo
f-

CJCJ

I CJCJ
CJCJ

- c=:JCJ
~.• CJCJ- CJCJ
• CJCJ !'. CJCJ

CJCJ
:I-

CJCJ
CJCJ

•• CJCJ:.' CJCJ

.- CJCJ
CJCJ• CJCJ

01
. CJCJ

CJCJ
CJCJ

f-I CJCJ
CJCJ

"- CJCJ• CJCJ
CJCJ

·1 CJCJ
CJCJ
CJc=J
CJCJ
CJCJ



I ,.

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

rl 001 I
I
I

Snt·4 TA

;1 8~R8RRH T ("in.) Q (cfs·)
I

-0(.1N f:':f 10.ee 79.65
HYDROGRRPH 211. eo 1$13.42

I 39.60 189.62
LOCATIOI-!: 4\l.ee 162.19 !

,
l'JC:S Oil I 112-. S!l.ee 133.95

i 6e.ee 109.2E,

:1 STOR" TYPE: {a.ae 83.39,
~I;';( , I(J 0 yr, 8~.ee 5Ij.5E,,

90.90 42.55

'1 !~e.l,)e 38.3'3
SO!L TYPE 'B- lYe. gO 21.71
AREA= 129.8e acr~~· I 12e.~O 15.S0

,I
49.Z II'IPo::r'vious 130. 61~ 11.07
35.% Directly Connected 1413.~~ 7.91
Til'le of C(ln·;. = 36. f1in. 1'513.% 5.65
fo= S.130 (in.thr. )

I, f~- 13.59 <in.thr. ) Q Pe.~k= i89.62 «(.(s)'J-

F= 1. 45 (in.) TiM to Pe.3r.= 3e. I\in
T' lnt. = 19. lun. Yol. = 679,598.95 cr.. !'Ie

I
Yolo = 1. 56 in.

T (l'Iin.) P (in. )
le.ee 1.36 If ('-'HITS= 1 \. -+J. • .t

2B.ee e.n e. 193.

I 3!l.8e 8.41 e.
4l3.e9 0.24 I .'j----:------------------I
S8.ee 9.28 I :I

I
68.8e e.13 I i:I

70.ee B.eo I :;

I ,
;

Tou1 Pre-tip.= 3.13 in. •

I •
RAIHFALL HYETOCRAPH ,

•

'I Pk. 18.l'Iiri int.: 1.3€ in •
Y uniB= 8.138 in. -+ , T

I, I

,dn. I •

·1
I

------------------------ : 1.

l~.llllllllllillf(J.fl : r,
2e.IIIIIIIIIU !

I 3~.nlln

40.1111 I

50.UI I
I

I
60.n I Robert J. Greenber''it

------------------------ 291e E. L~e St.
Tuc~.(lt1! Rz. SS71€.

,I
Ph. : 6e2-881-35~8

, 10

I REGISTERS
0 1 2 3 4 5 6 7 8 9

I 50 S1 52 S3 54 S5 S6 S7 S8 S9

A

'B Ie D IE II



-\' --1l f'-" • "/ "

/

KEY ENTRY KEY CODE

.' .-"gl-ltlll • .JI~IJIJ.~
COMMENTS STEP KEY ENTRY KEY CODE COMMENTS

I
SANTI-~ ~.17 49.6E

BRRBAFR 0.17 3~.25

uffrr'-- e.17 31.46
HV!lF~OGRHPH 13. Ii" 25.12

:1 B.17 20.:e
LOCATIOH: e.17 lE,. e~;;

iU7 12.3£,

'I STOR" TYPE: 11 P~,3k:: '51 L 97 <.cfs;
T- to Ped~= ?a. I'\inI HI'?

Yol.= 2,522,634.26 c.f

:1 Yol.= ~.e2 In.
SOIL TYPE 'C'
AREA.= sse.as def'es y ,:IJtms= 1.;> oj

I
28.% I 1Is:'er'l,.' i (IUS

I
a. 511.

S9.~ Direc.th' ConnHted e.
Tille Ot ConG.= 45. II i 1'•• I 1-----------------------1
fo= 5.1313 (in./hr-.) •

I tc-= 9.2S (in./hr-.) :::
!

F= 2.1313 (in. ) i
to,
I'

Tifle Int. = 18. "in.
I ,
I

I
I ,
I

T (!'lin.) P (i Ii. :::
I

II

le.ee 9.~3 I I
I•

2e.ee a.0e I ,

I
I

3B.ee 13.11
I •I

-ie.ee 8.28
I :

56.ee e.2e I l•

I 68.130 8.24 I lI

7e.13e e.11 ! .,

se.ee e.l~ · •
?9.ee 9.eS I !

I
!

lee.ee n.el I II

11 e. ee e.ee · I•
I •·

I Total Pre-ci ... = 1. 21 in. I •I

~~~-'/
• II

T {' . Q (ds) :..JH1I.l

'1
~.17 a.eo : r

13.17 !.e2 ~ r
-. !:-6.17 29.:1

·1
6.17 1~~.7e

0.17 336.92
e.17 456.65
e.17 511. e7

I 13.17 436.47 Rob~rt J. Creo?nber-;
13.17 438.53 29113 Eo lee St.
13.17 364.25 T'Jc-50n, Az. 85716

II 6.17 292.42 Ph. : 6eZ-881-355S
,. ..-

13.17 233.94 CJl! I 7894
1l.17 187. 1~ !

'- 8.17 149.72 t:t:u

I
" 6. !7 119.7:3,

'-
'-- ~. 17 95.e~'-.-.'

"- e.17 76.E·6

I'A
IU7 61.33

LABELS FLAGS SET STATUS
B C D E 0

FLAGS TRIG DISP
a b c d e 1 ON OFF

10 0 0 0 DEG 0 FIX 0
1 2 3 4 2 1 0 0 GRAD 0 SCI 0

5 6 7 8 9 3 2 0 0 RAD 0 ENG 0
3 0 0 "--



VI I:>.~/

-------

._._-------

--_...._._-----

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK. in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONT~IBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL. INCLUDING. BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FORA PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN·
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL

Contributor's Name ._Q~rJ,-~rq _J,.Jo 1dJ n.g.

Address 8982 .~~_l.t:swortlJ.....f~u.r-..:t .

City~. OrJa.n90 State_Fl.O[i.d~.~ ZipCode._328ll, _

'. 02946D,

Program Description, Equations, Variables ..

.GENERAL:. ~ - -
Th~ San 1:j1 ..f:3ad>_~.rE..J,J rpan.J:!ydrQ9.r:SlQ.h M~_thQ.d. ...LSB!JJLt1.~J:hQ.~-l.J ____4.~v~19P-e.d by

~jl_rr,-es M.!._~t.~b~.chE!LG.J. AS.£~.J..-2LJh~_~an.tC!._.~.ar_bara.~unty tea 1i fornl~) Flood

Control ~I).sl Water C9D.S.~LYiU.ion 0 i ~.trJ£.Ll1L~mputes_a_J1Y.drogr_aQ.h__g i r~~_t 1y without

.9.Q...t09._th rg"ygD-M.Y. intermediatfLP.rQ~.!!$sJ as ~_o.es.JJ1~L~1l1LbYd.n)gr~pJlmethod •

.___.Ihe~J!H_..t.1~_thod__L~j n m9D.y... r.e.~p~.c tL$J mil a r _. to.......?9~.....QL ~he t i.m~:-a re51-CO.D.C;;~Dt.r..a::

tion cl!rve_p~Q£~dures for h.y'd. r q9.E~Eh comp_~~.~ i.C?l!.J.Q wh i ch ~_~..lr'~ tan taneous hydro-

graph in a J~~.s in is dev~J.9pe~ and-!!:!~_1Lf.9U.ted~b.rQ~gtL~!!__ele!!le[l t of 1i nea.r_H9T~ g~...._

to-d.e_te..r:mlne_.b.as.w-r.e.s.p.on se.•_I::l.Qw.e~er.-J.o_ the..SB.U.tL.tIe t hod ,__the Jj.naUe.s.igo_(ou.tfJowJ

hydrograph is obtained by routing the instantaneous hydrograph for each time period

Jobtained by multiplying the various i nc.r~.!!!~!'_t~ 1 rainfall-excesses by the entire

watershed area in acres) through an imagJ.nary-l inear reservoir wi th a rout i og

cons.tan.Lequ i.val.ent to the_tlme...-Ouoncen.tr_atJ.on.-e>Lthe _d c.a.ina ge..J>a s1n . Tber.efoc.e..-

the_(:U...f£.lc..ulLand__time-c_o..n..sumLng...Ratc_~_s_s_Q.LIU~Pjtrln.9_a._tJJRe-areQ.:"_G..Q.!1.centration

j:Urv~JoLJ;b~ basin is el iminated.

A-s.tep.=.b¥=s tep-Ciesc.r..lp.t.i0n._of_the_bas.Lc.-SBUlLMethod..is-gLv.elLhelow :

1. RUDOff de,p.ths for e.a.ch.-tlme-ll.e.LlcHL..a re c.aJ.CJJJ_a_t~d us i og-.th.e fol lowing

~n(J;~ t jon" :

(1) Impe rv i ouLAJ:.eLRuDo_f..L::.-R..LQL~_L..e.-Lt) ( ll1.ch~s)

(2) Pervious Area Runoff - R(1) = (l-I)[P(t)-~ (inches)

( 31...JQ.t~JJ.!I.09ff Depth -' Jli!.L:=--B.(g). + R (l} (inches)

whe.r.e,

pLt l....:::..-&aj.nfa1.Ld.ept.h-d..~.rJ.og_t.i.Ol~.io..cL~melJtA j:---lLn~b~.s )

f =_..1 nfll.trat Lon dur ing._tlme--lncremeot.~.t_linche.sl

I = Imperv ious ..port ion oC.~r:a..inage .bas iJ)_._,,(decimal)_._--_. -_._. .. -

I
I

·11

'
;·;··1 ,..;::============

Program Title .__S~NTA f:3J\RBA~A..Jffi!3_AN HVD.~9~~.AP_H__t1;lJLOD ... ._..__...---,-__

II
,I
I
I
I
I
I
I
,I

I
I

:1
I
.1
·1



I NF I LTRATI ON:

_.._....3~ .. Th.ef!~ClI design.(outflow) hydrograph Q(t) is then obtained by routing the

.
\ storage) which is automatically subtracted from the rainfall in the program.

;

i
._J

i

t"CfYtl L UI I~\
\

P.-ogranl BesCI-il.tit•••
(CONTINUATION SHEET)

, .

L.,Also, in the SBUH Meth~d, all of the rain which falls on this impervious

: _portion of the basin is considered runoff except for the first' 0.1 inch (d~pression
I

In this program for the SBUH Method, infiltration is computed in accordance with

the relationships illustrated on Figure I as first described by Holtan and developed .
and presented by T~rstri.ep and St~II(2) .......i11 this methodology,it.. .is assumed._that.an ..J

,

1.~.o08 ..which ..w~soriginally included in equation (4) in Mr. Stubachaer's report.):

C=-;"~~...~ .~-c r;m-en :~~~~::·-;~~·.i-O·~· ..(~~~ rs',' .;.~:.:--;. ~;-:.. 0 •5~~-~~"~·. ;.. .._-_..._ ......,..._.~

I
i 2. The instantaneous hydrograph is then computed by multiplying the total run-.
I .-...... ....,. ..... ." ..'
Ii. . .

L_.. ;...__off.d~Pth:.R(tLfor .. each .time.peri~d t by the drainage basin area A in acres and .1
I: i . :
1 ; dividing by the time increment At in hours. I/._.-;_ ..;:. ;..: ... .. _.. ~ .' . '.'. ... .' ...

1._.: .J~>..1(t) ._=.. R(t) AIA ~ ...l (c f ~) :.L_..., __
j .: .
l (Note' that03,sin the ~ational Method, we have. ignored the conversion factor ,

;

1.._.... .~_ .. \._-...;.. .

!. :: . ;

;. . instantaneous hydrograph Ut) .through an imaginary reservoir with a time delayi --- .._..; .. i
"

.• . : I
I ,equal....tot/le time otconcentration (Tc ) of the drainage basin •.. This flood '
I .,:' . :. Ii .~~lIti~~.m~Lb~ ~o~e.. ~r__u~7-_of .!:he, f.~l.lowing equation which is subsequently _ .., _.. ,

i
I de r i \led: , 0! ...__ . ....... ,.... .,.... '''''''' __...L.. .... ._..... .. .._. . _.!

\. __•..._ .._c. .J~) ~(t):~_~Q(~=-!):t:.J( II (t-l) +, 1(t)~ 2Q(t- 18 (cfs)... -""'-'" , ..-I
I I I !':' . i i
: .__~ ..~~~re_,..... -......... 1"-'"'' --'-' ...__ . ....-.... "
I ,_.... i"'-- r"'--r' ! i

; K= at i I

.l:,·=~·~-~,,~o;'=-~,."'~'-_..~,!~.c .~;i.~~.-' '-o;:~'-'·:o···_·:~-· --",,' ..... ::... ~...":.... I'" ..• _- .-•.• -~.--.~....- 1_'7:__~11-.--.----.:----- ...--.... -···~-1··_· .

I..__i .. ~~_~h~~~:.!c ~._r.i~_?f co~centration of the basin' (hours);._ -_. :--,---i4--!
i.---- ._In_tbe $J3UH Method,..the .impervious pOftion.1 of the drain~ge basin is considered

I to be ~hat:dir~ctJ~_(hydrauIJc~lly) connected portion ~f the impervious area.!- .

~
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these four types of soils, as also established by Terstriep and Stall and which are

:...subsequently discussed, can be used to determine F~ .__.._. .:.- J

._.j

Page 3 of 15

Standard Antecedent Moisture Conditions for

P.·og.·am Desc.·iIttif)11
(CONTINUATION SHEET)

.e = base of n~tural logs

In using the SBUH Method, the Standard Infiltration Curves for each of the four

•I
i
!

Figure 2 as originally established by Terstriep and Stall as modified by Golding (3) ,
-j

can be used to compute infiltration.

general U. S. Soil Conservat,ion Se~vice Classifi.cations (A, B, C and D) shownon

02946n

.---_.._._.-,-. --_._--- ._, _.. ,-~_._--~_ .. __._._ .._-- ._...._-*_.._- - .... . .... .. - .. _.,.- - - . -- - . .- .- ..'. -.._- ._-_.....__ .._----------'). .
I' . I
Llnitial (Maximum) Infiltration Rate fo in inches per hour is available in the soil -- I
I :
l.'!lantl,~.when rainfall s~art~ which drops off exponentially with time as the voids in I
I ! ; "'" I
I._~he~oil become filled with water Fo s?me Final (Constant) Infiltration Rate fc - also:

I in' inches per hour. The total ero~s-h~tched area below the Infi Itrati.on Curve and .I
l-=-b~ve ~~~e~ina I~jcon:,;ntl I nfII ; r~, ion Ra tel i ne ! -S) rep r.sen t 5 .the to ta Lava i Iab 1ej

! water storage in the soil mantle. 'AS shown on Figure 1, this Total Available Wate'r ---.1
i-' I
! Sto~aQ~.,Capaci~y, S,_in the soil in inches is divided into two parts .1) the water __ l

i j
1 al:_eady ...s.~o~e..d.Jr1_.~he.~oi.!_~hen r~lnfal'-begi.ns (0 which is the result of previous __1
! '
i rainfalls, and 2) the~ctual Available .S.torage in..the Soil (S-F) ... Ofcourse, .if.a. __.1
:....:. ; " i , ":' ,!' I
I~gngdry period preceded ~ t~e '.~ tart of r.a i nfa II •.t~e .tota I.area .(ac,tua IIy a vo l~me) ~.1

I under the Infiltration Curve (=S) would be avai lable for water storage. __ . In._the -- .-i-,·-t
I .--... ----. ... ---- ...-- ,-- ....... :.... I I

I • II c()rtJputer..program. the .i(lf iJ.tr.at Ion Lshown on Figure 1• is computed by. the Horton:'__j
I :iiiI
1_..equa~I.~n., ~...._._--.~ ..-! __ ._! ..~; i ~._ .•. __.._.._, ..._ ---_.. ;.~

II ! _~Lf ;c_ f~_±- tf~:tc)e~kt-:- '~-'~-~-~---_.....--- : -~

.~.~!-__W_hc~!; _ i ~f-i-;t.t i~n ~a te at s~:·ti: t-:ft~: t~~~ ta~~ ~f~:;~:;l~ inc~:~t.=i
i' i I" --I

! . i j! I : .-1__.i
1

+ ._+---~_. per..hour :--~ --.----;- ~--- L_. ,..--'--:-r---i 1
I : I! i 1 :

1__ - l_o • I f.o =.initial infiltration t:"ate. inches perhour .----.----; ---- ..~_._ ..
I '! ! I
L l·fe = final !con~tant infiltration rate,' inches per hour.--- ..---- .-:--...,

! - ( ) ~;..__ __ k = a shape factor =2 --' ----.
I

\1
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Contributor's Name __~.~r.I·,-a.rd L. GoJAJng

Address ~~?_~~swQ.,u~our....:t,-- ~ ~ _

City 0 r I ~.n-,-,d::..::o~ State __..;..F..o.I=0-'o-r-'o-id_a"'-- Zip Code 32811

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KINO WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

Program Description, Equations, Variables ~ ~ _

The various factors used to comp~te th~ Standard Infiltr.~tion Curves shown on

FJ..g.l,Ire 2 as ~.s_t.~.bJ_l~bed by Terstriep and Stall fQL-~acb of the f.QY.L.$_C.u..t2n..",-d",-a-,--r",-d_~_

H't-dx...om.L<:.-S.oLl_G.r.o.uRs_a r:eii.s.te.d_on...Iabl.e-2.....__. ~ ~ _

__....LTh.e.,f'O.uL_antecedenX_mQJ...s.t.u.re_condLtiQn.s....-LLs...te.d.....J.n tb i s Tab.le. -=-...B.on.e....J>"'q-l.cOCl.::..­

dition 1), Rather Dry (Condition 2), Rather Wet (Condition 31.. ~_nd Saturated (Condi-

t19n_~L are d~Q~ndent on the _tp.tal rainfaJLuthaJ; occurred dur1.!1g the five d!'!Y...~LPr~-=-

c.ed i ng.......!h~_eart icular stornLlADtecedent Mo i sture Cond it ionL_'!? shown in Tab Ie 3!..!. _

____-:I:.!n.~--'this comQ!!!:_~CQgr.amJ the infil,tca.tLQ.n f. ~Ls9me ...par:...ticular v~tLu_e_oLL...-Ls_

first comp~ted for the particular Antecedent Moisture Cond.Ltton by first summil}.9~Q...­

incremental volumes under the curve for increments of 0.01 hour. computing a second

va 1ue of i n.f..LLt.r.a...ti.Q~t i nC.LeJn~nta I t im..~A_t--late.Land then a..xe..r.a9 i n9 ,the two

CQIDR-u.te.d...-i.nfJltr..a.t....ion.....Y..alues.. To c,Qrnp_u.t...e...J:ainf.a.l.lexce.s.s.J..r.oJIL..tb.e-p....te'y.l...o..us a real..;lS,--_

this avera.ge infiltration over the O,t time period is then applied to that rainfall-

e~~.~ss increm.~nt during which time element a total rainfall of 0.1 inch has fallen

(d.epJ:.e.s...s_L.oJL.S_tor-.age.J,.)........ --:- _

____Tuh~e~o~tjL~~~~O.I initial depression stora~~should be subtracted from the

rainfall and the infiltration curve applied only at that subsequent time after rain­

fall has started at which the total volume of rainfall and the total volume of infil

tration storage under the infiltration curve are e~al. As this procedure progr~ID _

aRRlies the infil~tion curve imme~~~fter rainfall begins and the O. I depres­

sion storage has been satisfied, a storm wit~ small initial amounts of rainfall fall­

ing over an extendeA.Period of time wi 11 cause a premature reduction of the infi ltra­

tion rate (a decay of the infiltration rate with time), which will result in higher

r~~....f.f ~~~n_..~~uld~.~.tu~.U.Y.._b.~ the case. How~ver, since the infiltration accumulated

i n. .....!I1~ s() 1... 1 matter .dlJe__to_ antecedell.~~_a..infa 1L(=FL.~._...very...-!>roj~.~~J in~~ and2...1.!1f.e_
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Program Description, Equations, Variables.

the pervious area contribution is genera II.y~.~a II, this induced error is normally not._-

~1sn i fi cant. ..

.-_.

REFERENCES: _. _.._- .-
(l) ~t;,~_b_~.f_haer'~_.J.. IITb.LSanta_~.a.r.ba.I.cLlJ.rb9r:t..JiyJ:tcograpb-~-t;hod". PrO~.~~91.n.sh

Na tJona LSympos i urn-. on-Hy.d ro logy and Sediment Con t ro I ,-ORES -Pub Ii ca t ion ,---

College of Eng i nee r i ng.L..,Un i v~0j!Y__9f Ken tuclsY J..J~ove.'!1I.?~...!:.-l915,

( 2L...Ie.t:.s..t.r:JeP-..-li_L-ancL.S. t a I J , .I .B._-!..!.The_ilLi.noLs_UrbalLDr.ai.nage_Ar:ea

Si muJ.a..t..QL..1L.L.U.QA.S~llinol.s.5 ta t e_Wat.e.LS.ur.v.ey_J.ulle..tiO.8.......-.S_tate.-a.f

III i n9.l.LP~.p.a..Lt.Il1.e.n.t of Re.g Ls_t.r:.at LO!L.SI.mLEd.ucat1..o-o.,-l..914,

(3)---GQLdj.[lg....JL.L........-£e.r:.sona.LC.ommun.Lcat.ioCLwLth...M---L~Jel:S.trJ.ep.,.....J.anua1:.¥-l.8._

. 197..8.•

NOTES:

(J->-sHA~E.CA'iLEACIO.R.JL11UlORIO~UQU.AT.l.O.tLl1AY_BE_CHANGED~B.QlL2 tN

PROGRAM TO OTHER VALUES BY DELETING 2 FROM STEPS II AND 62 OF PROGRAM

AND PLACING Olli~R V~LlJ.~S AT SAtlL1.0CAT I ON,

(2) DIRECTLY (HYDRAULICALLY~NECTED I.MPERV tOUS AREAS ARE THOSE lMPERV I'OUS

AREAS WHERE RlJ.NOFF TH.~_~~JROM DOES NOT FLOW OV ~.ILA PERVlQUS AREA BEFORE

REACHING AN ELEMENT OF THE DRAINAGE SYSTEM (STREETS WITH CURBS. STORM

ORAl NS, ETC,),

_._-_ ...__._- -. . ._--
..._-------. . __ ._- - . _.._-._--.... -- -- .._- ------- _.---- --_ .. -.. ._. . ._...-

This program has been verified only with respect to the numerical eKample given in Program Description 11. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KINO WITH REGARD TO THIS
PROGRAM MATERIAL,INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING. USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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I
.'-1

!
i

.-.-.- i

---'-'l

At

"-'j
I

!
..-i

I
----.- - --1

!
i

; !
.. - ~- ~ TO_A;

, I

..-... --.-J. I
---1

; , I
,.··-·-~_~-._~~~·-~~·-.~L~=l

; - i I I

, I
__ .1---.,. __;._._ .__._.L __ j

! t : i t
, I
J .. __ !

- I,('-'.' !
,

i n R~ach.= Time Del ay.__ : _. __

in Reservoir

"

-( f)
Time == 52 51

Q
2

- Q1

:= F1owt rave 1 Ti me ( 1)

!"--_ .. L-- .

••. _. .' __•• __ •• ' '·'-'-0'

; i .

2

~ ..._-- .

(S)
. .
Storage

...__ . : '-'~' ----_.- ._-_..

-'---_.'"j .__.. ;----_. -.-- ._-----

As = T (Q - Q ).. ·---c·- 2 -···1

Substituting in the General Storage Equation -

Slope of Storage Curve T =c

-o-

l.__ where T = Ti me of 'concentrat ionc

,
-~_.-

3.

2.

. ,

I

i
I

~_ l._-; _. __L_ ._~-_... \-- --_:: --.. -._-
i : - i • i i -!

I __ ~ 4~__ Erom wh i c~ .can. be: deri ved;-:":"
l !;'. ! !,:
j' _~i.._-- :._.-.--- Q27 -Ql +K, ('1 + '2 ...: ~Ql) .. '-- ~ _.-

-'- ;--- .- ..--... r-"Where 1 = At ,---

.•_... ._._ i _.__~!c ~" ~ t , ..

(1) Flow Travel Time = K in

Muskingum Method

,
!

I
, .

P.-og.-arn DeSCI-iIttiorl
(CONTINUATION SPiEET)

02946D

-~ - " - .._ _._-- _.. -.-. - _----_ .._------ .. _-

DERIVATION OF ROUTING EQUATION:

r-- -..- ..- ..-. _ ..._--
I '

1. Consider a linear reservoir with a definite storage S such that the storage .:
! !

L_: '..;'is directly proportional to the outflow, sec 0

1-···;
I .
I
I
i
I

I

I
II
II
;1
,I

il
I
I
I
I
I
I
·1
I
·1
I
I
I
I



This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely updn his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABilITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHAll BE LIABLE FOR INCIDENTAL OR CONSEQUEN·
TIAl DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.

Program Description, Equations, Variables Table 2

Eactors__U.sed....£.or--.C~Lcu.l a t i ng_The-S tanda r:d...

trtf.1 Lt r.a tJo.n C..ur.Ye,s-EoLGrassed Areas

Item Value

Hy.drolog LC-SQ.LLgc.oup-..USDA_desJ gna.tJ.on A B C 0

E!.'!~L~.ons tan LJ,D f i I tra t ion ra te .ic~P~.L.hour.. 1.0 0.•.50 ..-CL..25 O_.1Q.___

In i ti a I i f.lJi. LtnttiQo_~a.t.e~ __fo •.. In.cbes_pe chou r----l.Q 8- 5 3
S~~p"e fa~_~<?~. or in f i I t rat ion curve 2 2 2 2._-_ ..._-- _.__..- -- _._.., -

Aya i 1a.bJ.e_~J;.9Xj3.9~_c_gQa~L.ty. S. in soi 1 maJJ.tL~

.-l.n..C;.b.e s • for fOl,JLa.n...t.eJ:_~deo.Lcondi t ion s

.-B.ol1.e_dLy--.con.Ql.tl.on 1 4,3 3,4 2...J 1.3

Ratl}er dry., condition 2 3.4 2.8 1.8 1.1
w'

conditi9n 1.9 1.4 1.0 0.6Rather :Ket, 3
?

Saturated.t condition 4 Q 0 0 0

'-n.f..LLt.r.a.t.LQn_ac_c.um~La.teli.• E. i lL.S.oJJ.J1an..t.l.e...

inches. at start of rainfall

__6.p.n..e--.!i.r.y~_c.o.lld.i_tl.on 1 0 0 0 0

Rather dry, condition 2 1.9 1.4 1.0 0.6

Rather wet. cond it i.Q!J 3 3.4 2.8 1.8 1.1

-----S9.t_u.r.a.t.e~~ _c..Pll.d.it-LoD 4 4.3 3.4 2,3 1.3

.

•.. _-_. ----------------._._--._._-

- ------._-_.- -_ .. . __ 0-._-_-. ____ - .. ------ .._---- ----- -
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Contributor's Name . ~_e_~_C!rd~G91~Ln9

Address .--!!-9.~2 lsI esworth_Co~=-r,-t",-- _
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Program Description, Equations, Variables Table 3 --

Ant,ec_e,den LMoJ_s_tl{r.e_Cond.Lt Lons-Eor
Previous Areas (grass) --

Total rainfall d l:'XJ.!'_9 __

S__Q..9.Y2.-Q.reee_d iJl9 __HO rm

Oeser i pt ion - ._. -(j neh~~t__

B.one_dry -- °---

Rather dry 0 to._O.5

Rather wet o...5-to 1

Sa_tJt[SlW ove.r I

---+

--. .~_ .. __._,_0 ____ . ..---._-,_. --------- --

This program has been verified only with respect to the numerical example given in Program Description II. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program material and without reliance
upon any representation or description concerning the program material.

NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
PROGRAM MATERIAL. INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE. NEITHER HP NOR THE CONTRIBUTOR SHALL BE LIABLE FOR INCIDENTAL OR CONSEQUEN­
TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL.
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~NFILTMTION CURVE

S = AffA CROSS-HATCHED BELOW
.--- :---tURVE EQUALS tOTALSTORA'GE
.c-_ ~ -"'-'~IN SO IL~-- I NCHES----: .--- .----

-_._---~_._-----_._._--_ .....--,

TIt1E., HOURS

i
i : . .

--" _. ... -+--- --r-'" ",--- '. -- --'" ._~ . --._.. _..-. _. :- ---. ._. _..: '-',

---t-o
I

-_._.-- -- ~ ---~ .-_._.- .
;
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P.-og.·alll Descrilttioll
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DIAGRAM OF INFILTRATION CURVE AND INFILTRATION
RATES AS RELATED TO STORAGE IN SOIL .

-------I
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,- .- I - -'r- '-r--;AVAILABLE- ;--r -- :
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:STANDARD INFILTRATION CURVES FOR
'GRASS FOR USE IN THE SBUH-METHOD
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I
~1 SANTA BARBARA URBAN HYDROGRAPH METHOD ~~, ~

~- • - • D • F •, STEP INSTRUCTIONS INPUT
KEYS

OUTPUT
DATA/UNITS DATA/UNITS

1 , .1 n . ___ It:!·~~... 1 t: ." CJCJ
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.:I) 1J".t·o,."ho..! Arp.:l : A {Acres} [SiQJ u:=J

:1 ~, I~___• ~_._ n ............... u~ .. Ifnortm.:>1 GroJ G=:=J
r) Timp lnr I1t' (Hours CSiQ] u::=J., .1\ Timo ,..,4= f" ......... _ Itr.:lt i .....n Tc (Hours LsTOJ fL:J
~\ I ... • .. '.,1 1 ... 40'1 f' ..",r~"n R.:>ro fo (I n/Hr Gi£Ll !:i=J

I
4=\ c· ...... 1 1 ... 4= • 1 .. ,. ... f' t "n R.:> f' 0 fc- (tn/Hr GiOJ [ELl
n) A 1.:1 t p ci I nf i 1trat ion FUnches [SiQ] cc=:::J

I. t" ... _ f') CJG=l o 0000000
.;>

it 1;. Place First Ra i nfa I I Increment P(t) (In//1 ) CJ [ill] Q, cfs

in X-Register - CJCJ
k (""nf'inllp r" nl""rp t:;.uccF'c;.c;.ive P{t}('n//1 ) CJWSJ Q cfs

I R"" i nf.:lll , Itt:;. pld in X-Reaister CJCJ
onF'.:It a time untill all entered. Then CJCJ

I, .. ·-- ...... .,c:ive zeros. CJCJ
7. To comoute new hvdrooraoh 00 to Step 2 CJCJ

CJCJ
it CJCJ

CJc=J

'i,1 CJCJ
c=JCJ
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I c=JCJ
CJCJ
c=JCJ
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-:, CJCJ
CJc=J
c=Jc=J
CJCJ
CJCJ ,

CJCJ
,,
I

., - CJCJ

I
CJCJ
CJCJ

I
[==:J CJ
l'lCJ
C::=J c=J /



59

Page 14 of 15

COMMENTS

58

7 p(t)
57

KEY CODE

DISLf
'\0- C.

REGISTERS

COMMENTS

I'.-OA.-.IIII IJISIIII~ I

5t£ p(t) 52 53 54 55 56

IB\) f- r....~ I~. JC\~ F . fI c. ( e,.~J ~•..~./



02946D

·11r-----+---+--~

I t-+---'----+-~
......
1----+-----+------1

il~-----I----l
!1~i-"--i~~

I
160

COMMENTS STEP

190

200

210

220

KEY ENTRY KEY CODE

Page 15 of 15

COMMENTS

t~r-----riBi""-----rrC'".----~L::!:A,B~~L::.::S~--TEE~------I'::'"O~FL:!A~G~S:..._h__2S~ET.L·.:?ST~A~T~U~S_--~
FLAGS TRIG DISP

1lar·_~-~b~---~C~--~~d-----~e---~r'---~O~~ ~~ F~~
1 2 3 4 2 lOS GRAD 0 SCI 0

Sr------t6r"'.----t;7;----~'D8---4n9~----4=--3--~2 0 ~ RAD 0 ENG 0
~ n ~ n~



Var()og Q) ~ Var([og C) ~ Var([o~ I)

:.t The assumption that la I! was made in determining thc values of C in this table.

TABLE 3.-C-FACTORS CORRESPONDING TO 1- AND 10-YEAR
RECURRE:-:CE c\TERVALS:l

i

1

)
I

I

J.
~
if.'.~

I-
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0.97
O.H
O.GS

I o~o
0 ..,1

t t was made in determining the values of r in this table.

RATIONAL METHOD EXAMINED

Drain~e Area ~ . __ ~:vera~e C-Factor I C.~,.
, 0.45 I 0.45

i 0.42 II 0.40
I 1.0~ I
I 004" I

0.51 .
0.29
0.54
0.58
0.66
1.01
0.7(j
0.71i
0.8;)
O.oJ
0.61
0.69
0.37
0.56

Grav Haven
Hamilton Hills 2
Hamilton Hills 3
Hamilton Hills 4,
Hamilton Hills :;
:'--lidwood 5
Montebello :2
Montebello 3
Montebello <1
Montebello 5
Newark 9
Newark 12
Northwood
South Parking Lot 1
South Parking Lot 2
Swansea
Uplands
Walker Avenue
Yorkwood

a The assumption that fa

RELATIONSHIP BETWEEN It AND THE PHYSICAL
CHARACTERISTICS OF THE DRAINAGE AREAS

'n which I, .. the average lag time, in mlllutes, Imp = the imperviousness of
the drainage area. L -= the lenr;th of the main drainage channel, and S '" the

TABLE 4.-AVERAGE OBSERVED C-FACTORS FOR THE GAGED
DRAINAGE AREAS;}

!y 6

been obtained. It is therefore emphasized that the values of C in Table 2 are
not eqUivalent to the values of C usually used in design practice.

The average time lag between the centrrnd of the rall1fall hyetograpll and
the centroid of the runoff hydrograph will vary from area to area, depending
on average slopes in the area, length of the main channel, the nature of the
Surface 01 the drainage area, and certainly many other factors which have not
been considered herein. A relationship b, estimate the average value of It for
a drainage area is indicated by

't '" -'(Imp, L. S) .... , .......•.•.........•....•.•. (9)

'alues of C, \T also have been included in Table 4 for those areas where fre­
jUency distributions could be plotted.

It should be noted that the C in Eq. 7 is a function both of It and T. It was
lbserved above that C may be assumed to be nearly constant for a range of
'alues of T. Because C also is a function of It , the values of C presented in
rable 2 depend on the assumption that 1ft '" Il' If some other time variable,
:ather than It, had been used to estimate la' different values of C would have

HY f.

Percentage
Increase

(4)

C1'JY1'

(3)

, '--r--

.:-l'ovember, 1967

0.42 i 0.46 i 10
0.91 0.99 I 9
0.69 ; 0.76 I 10

O,~() I 0.67 _I ::O.uS 0.61 "
O.H 0.5·1 :!3

AVel':ll?;e 10

elyr

(:~)

Draina!{c
,\re:l
(1)

--- ------ - .-

Gl'av Haven
:\ew'm'k 9
:\c\vark I:!
:\orthwood
Swansea
Yorh.',·ood South

364

regaraed as random variables. Previously it was found that log I was approx­
imately normally distributed. A study of the data for 36 storms on the Swans".,
drainage area suggests that log C also may be apprOXimately normal. If burt:
log I and log C were normally distributed, anct if I and C were statisticall".
independent, then IOl{ () also would be normally distributed. The variance, :
log Q (which determines the slopeofthe runoff frequency curve) would then i),
given by the relation

The Swansea data were studied to see if Eq. 8 could predict Var(log It .
The value obtained for Varllo~ Ii) from Eq. 8 was 0.0497, and the value 0t:­
tained from the runoff data fOr Var(log (~) was 0.0434. BecausE' the:'c is "
slight correlation in the data between C and I . these values are not expect~·~

to al;ree exactly.
The average values of C for storms !Iavin!!: :) min average rainf.111 inW .

sities greater than 3 In. per hr a re prE'sent~ct in Tdull' 4. For c0mpari:;,:

From these frequenc~' c.urv('s, values of C fOl' recurrencp intervals 01 1 \"r

and 10 yr were obtained using Eq. 7. These are presf!nted in Table 3. Sin~e
the average increase from C t vr to C10 VI' for six of these areas amounts to
only 10'·~. from a practical view it seemS reasonable that, pending a bett,,!"
apP,l"oach to the problem of estimating design runoff rates for urban areas.
constant values of C. equivalent to C:; VI' or perhaps C \0 ,'t" would be adequat~

for design use. .
One of the major criticisms of the Rational Method arises because tho

observed C for individual storms usually varies from storm to storm. Thb
variation is sufficiently great that the Rational Method should not be USed tll
estimate the peak runoff rates for a partiCUlar storm. A method which wouL~

accomplish this would have to involve antecedent conditions and other variables
of both the draina~e area and the rainstorm that caused the C to be differe!:'
for each storm.

A statistical analysis was made of the apparent convergence of rainfall
and runoff frequency curves. It was first assumed that both C and r could be



1.05 LO.24

" = 50:16 Impo.26 •••••••••••••••••••••••••••••••• (12)

A slightly different equation for 11 appears in Technical Report No.1 of the
Storm Drainage Research Project.8 Additional information was used to obtain
Eq. 10 given here. The multiple correlation coefficient between the estimated
and observed values of ',was 0.85. About two-thirds of the estimates of 'I from
Eq. 12 are expected to be between -22(j(, and +13% of the true value of 1"

The range of values on which the equation for I is based are: (1) Imper­
viousness of the drainage area greater than 89(; (2) average slope of the main
drainage channel greater than 0.5e;;, and not greater than 6c;(;; (3) length of the
main drainage channel greater than 150 ft and less than 6,000 it; (4) gutters
draining to storm water inlets were paved; and (5) house roofs were not con­
nected directly to the storm drain.

Eq. 12 should be used only within these limitations. The values thus obtained
for 'I are estimates of the average value of I , that would be obtained from a
number of storms. Values observed for individual storms are dependent on

6Schaake. J. C. Jr., Geyer. J. C.. and Knapp, J. \V., "Runoff Estimates by the Ra­
tional )Jethod." Technical Heport Xo. I, The Storm Draina!;e /{escarch Project, DePt.
of Sanitary Engrg. and Water Resources, The Johns Hopkins Univ.. Baltimore, Md..
1964.

s::,~e of the main channel. For inlet areas, the length of the main drainagE
channel was measured from the storm water inlet upstream to the end of thE
paved gutter. For composite areas the length was measured from the down.
stream point of interest, proceeding upstream in the direction of the largest
drain to an upstream inlet. To this length was added the length of paved
gutter contributing to the storm water inlet. The slope, as a percentage, wa~

found by dividing the difference in elevation between the upstream and down.
stream ends of the main channel by the length of the channel in hundreds of
feet.

The imperviousness of the drainage area is included in the functional re­
lationship for 11 because it represents a measure of the nature of the surfacE
of the drainage area. It appears reasonable to believe that factors which af.
feet the time required for runoff to appear downstream, such as the average
length of flow path before reaching a paved surface, average roughness of thE
various flow paths throughout a drainage area, etc., are correlated with thE
imperviousness of the drainage area. Hence it would be expected that thE
imperviousness of the drainage area would be correlated with'l .

A multiple regression analysis of the data for 19 gaged urban drainagE
areas was made to obtain an equation for'l' The Cincinnati area was not in­
cluded because sufficient data were not available for this area. An equation
of the form

1, = I\" La Sb Imp'" (10)

was assumed. The regression analysis was made using this equation reo
written as

log Iz = log K + a log L .. h log 5 (' log Imp (11)

and values for log 1\". a, h. and c were obtained from the regression. The equa.
tion which resulted was

the nature of the individual storm and will not necessarily equal the average
value.

.. ..'
367

..) .... '../ ....
RATIONAL METHOD EXAMINED

..H"-

COMPARISONS WITH DESIGN PEAK RUNOFF RATES
ESTIMATED BY THE RATIONAL METHOD

RELATIONSHIP BETWEEN C AND THE PHYSICAL CHARACTERISTICS
OF THE DRAINAGE AREAS

The average observed C -factors given in Table 4 are highly correlated,
..dth the imperviousness of the gaged drainage areas. (The simple correlatIon
coefficient between sample values of C and Imp was 0.91.) A linear equation
relating these variables was fitted to observations of C and Imp from 18 gaged
areas. The resulting equation accounted for 83% (0.9J2) of the total variation
0f the C-factor. and the standard error of estimate was found to be 0.09.
That is, about two-thirds of the estimates of C from this equation would be
expected to agree with +0.09 of the true C value.

A stUdy of the errors obtained from this initial equation revealed low
estimates for areas having steep slopes (slope of the main drainage channel)
and conversely for areas having flat slopes. This might have been anticipated
since the simple correlation of S and Imp was only 0.01.

It was apparent that improved accuracy could be obtained by inclUding the
slope parameter in the equation for C. A linear equation

C = (l + h (Imp) + c (5) •.•.•..•..•............•...•(13)

''as fitted to the observed data. The equation obtained from the regression was

C = 0.14 + 0.65 (Imp) ... 0.05 (5) •.•.•........•.....•••(14)

The multiple correlation coefficient obtained was 0.95, which means that more
:han 89'1 of the total variation of C has been accounted for by the regression.
fhe standard error of estimate of C was found to be 0.074.

The pOSsibility of obtaining improved accuracy by considering terms in­
70lving (ImpF, (5)2, and (Imp) (S ) was investigated, but the multiple correlation
coefficient could not be increased above 0.95 nor the standard error reduced
below 0.07.

Because it is possible that Eq. 14 is valid only fer the type of storm pat­
:erns occurring in the Baltimore area, it should be used with caution else­
'Jlhere. Also, values of C from Eq. 14 should not be used in the Rational Method
'l'ithout also using Eq. 12 to estimate la " 1/. The values of C estimatedb)'
'his equation are not the same as values of C usually used in design practice,
since the assumption that la = I, has been used in obtaining values of C for
:he gaged areas.

The estimates made using the Rational Method are compared, for six gaged
:rainage areas, with runoff values from frequency curves. Because only a few
'ears of record was available (3 to 5 yr) the frequency curves have wide con­
::dence limits. However. the rainfall intensities obtained from the rainfall
,requency distributions at each gage for a recurrence interval of 5 yr are within
: 15~;; of the values obtained from the 70-yr record of rainfall at the U. S.
,,'eather Bureau gage in Baltimore.

.-'........ ".'.
_)N~r.'". ,'_366'"
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estimates differed by 25S;c or more from values obtained from runoff fre­
quency curves.

FIG. 10.-CO)IPARISO~ OF VALl'ES OF q (5 YR) COl\IPt7TEO BY THE
RATIO"AL )lETHOD \nTH VALUES OF q (5 YR) OBTAI~ED FHOr-1
Rl'l'OFF FREQ(lE~CYCLRVES

1001 I 17° I i r:::::;::::::== 't I

Experimental rainfall and runoff data collected in Baltimore, Md., from 20
gaged urban drainage areas ranging in size up to 150 acres have been used in
an examination of the Rational Method. Although sufficiently long records were
not available to judge the Rational Method on a statistical basis, a report of
this examination of the Rational Method is believed worth while on the grounds
it may lead to a better understanding of the method by those who use it.

An attempt was made to stUdy the assumption, implicity in the method as it
is now used, that the frequency of occurrence of the computed design peak
runoff rate is the same as the frequency of the rainfall intensity selected by
the designer. The results suggest that this assumption is approximately
correct.

Empirical equations have been presented for computing the values of C and
the ,. rainfall intensity averaging time· from the physical characteristics of the

and corresponding values obtained from runoff frequencv curves are given
in Table 5.

In Fig. 10 a comparison is presented of runoff estimates from the Rational
Method with values of q(5 yr) obtained from runoff frequency curves for each
agency participating in the stUdy. Considerable variability is observed in
estimates obtained by usual design procedures, More than 20';t of the designers'

-45
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-46
-39
-14

-2b
o

-1;
-1&
+11

+11
+17
+30
- 2
+ :;
+ F

-23
-19
- 9
-22
- 9
- :1

(7)

PercentJlj!t
Error

12
i

-.1J-11
-1~

+ ;;

--,---
r

d
I 0.6(1, fl.;) : G.:.!3: 3.19
i 0.60 i 10.1 i 5.:1:; i :1.211

0.."):3 f..l 5.6'; ~.99

! r ; OJiO: 5.~1 i C.3}. i 3.F.:~

--h--.--L-.-:: I .. _.l._::=:..=-:--=i=~_·_.=,-"o-·

--r--r-T-T-llalnlalJ r-R::13] ~I"thod
I I. IValue 01 Il1tcnslt)·, IEstimato, q(5:'I'), In

j:c\. I Value I In' In 1(5)'!'), 111 I cubic lect pel'
A,:?;c . I of (' minutes inches: per I second per acrr

I I
hour i (6)

(2) -T~i~) __~-+--_.:...:._--+---
I ! I I + .,

! 0 "C 13.0 4.F7 I ~.~~ +6i
; 0 : 0";; 6.1 6.0(;! :/;,r +11
! c. :- "F' _., I

\ d 0.55 I 10.3 ..... ':::q I 2.39 -10
c I O.5~! 1~.~ ~·~i I 3.2~ +23r I 0.53! i.oJ .-

(1)

Gaged
Area

..; :... 10.4 acres
('(;~T) = 37.5 cis
(J(;j~,.) =. 3.ftO ds per acre
'" . 0'\1
.': ::.:. 20 storms

);ew,rk (:-~)

A ::(1.64 acre~ a I O.e5 I 5.0 5.6~ 4.63

q(;yl') : 4.01 cis b 0.90 5.0 5.6E 5.11

q(5~T) :;: G.~i ers per acre e I 1.00 5.0 5.6b 5.66

t1 = :l\-r d I 0.95 6.1 5.15 4.~9

.'" = 37 storms e I 0.90 3.; 6.31 5.66

I I 0.9. :t ..6 6.2(j 6.07

:-ewark ();12)

A. ~ 0.96 acres a ! 0.65
\

5.0 I 5.25

I
4.46

Q(5~T) = 3.E7 cIs I) 0.90 5.0 I 5.25 4.n
q(;yl') = ~.03 cIs per acre c 1.00 I 5.0 5.25 5.25

,. '=. 3}T d 0.95 ! 9.9 i 4.16
I 3.95

\

I

S = 32 storm~ e 0.90 ; .5 4.70 I 4.23

, •• 1 I O.S' 5.0 I 5.25 I 4.:16

~
J'~ = -17.4 acres n 0.66 14.0

\

4.53 2.99

Q (;:'!') = 197 cfs b 0.60 10.0 5.17 4.14

I1(5y1'") =. -1.15 efs per acre d 0.74 12.2 4.7F 3.54

" ..,. 4\T e 0.71 llA 4.91 '.49

.. :,.- -3~ storms f 0.74 6.3 ! 6.20 4.56

~'wansea

_., : 47.3 acres a 0.51 13.0 I 4.34 2.21

C(":T) ~ lE9 cIs e 0.67 10.~

1
4.;~ 3.17

q(byr) ;, 2.9gefs per acre tI 0.50 13.1I 4.3~ 2.1;

11 ~ 5''T e 0.5~ lL~' ! 4.50 i 2.-43

.., 3(; storms f 0.59 i.V 5.'j~ 3.42

YOI"I.;;\\:ooo ~outh

A·· 23.~1 acres
O{5\TI : 59,; cIs
q(~~'T) ~ 2.6; cis per acn:
,; -;: a"y
.\" ,;. l~ storms

in Col. 1. The letters a, b, c, d, e, f in Col. 2 refer to the various storm dra::
designers. Rainfall intensities used in the Rational Method to obtain the va~­
ious estimates of q(5 yr) were obtained from rainfall time-intensity-frequen:
curves from the rainfall record at each gage.

ThE' percentage differences betweE'n Rational Method estimates of runC":

(.ray Haven

Rational Method estimates of the 5 yr runofffor each of the six areas were
made using.values of C and to = te selected by five storm drain designers in
accordance with their usual design procedures. These estimates, referred to
as (i(5 yr). are presented in Table 5. For each area the5-yr runoff values
from runoff frequency curves are presented in the tabulated data for each area

TABLE S.-C01\TPARISON OF ESTIl\L\TES OF q(s'nt) OBTAINED BY THE
RATIOKAL l\TETllOD USING VALUES OF C AND 1(1 REPORTED BY VARIOUS
AGENCIES FOR SIX GAGED DRAINAGE AREAS
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By Jose A. Buil,l A. M. ASCE

DEVELOPMENT OF FUNDAMENTAL PHILOSOPHY

In Connection with hydrologic studies On the Missouri River E
tributaries below Rulo, Nebr., attempts were made to systemati2
°Pment of streamflow routing coefficients for the better utiliza
electronic computer. Routing coefficients for nearly 150 cham
were involved. At present, there are no available teChniques to (
nel routing coefficients in the absence of runoff data. Effective pI
available routing coefficients were determined. Graphical relatj.
these properties and physical channel characteristics of reach Ie;
channel capacity, and the degree of channel improvement were
from actual data and tested for effectiveness. A graph was devel"
senting reqUired travel times for various discharge regimes in the,
graph checked well With the results of recent independentexpe:
travel times on the Missouri and Smok-y Hill Rivers using dyes.
~rams proved to be more practical, and as effective in the deter:
:hannel routing coefficients as rigorous and lengthy analyses of f1
graphs and trial-and-error methods previously used, and result,
siderable saVings of time. A direct application can be made on reat
:10 discharge records are available.

INTRODUCTION

SYNTHETIC COEFFICIENTS FOR STREAMFLOW ROUT

Basis fOl" DeveloPmenl._The Muskingum method developed by 1.
·.vas used as a basis for the lower Missouri River Tributary stud

Xote.-DiSCussion open until April I, 1968. To extend the closing date 0',
:"ritlen request must be filed with the Executive Secretary, ASCE. This pal
A the copyrighted Journal of the HydraUlics DiVision, Proceedings of thE:
'Ociety of Civil Engineers. Vol. 93. 1\0. HY6, 1\ovember, 1967. Manuscript
,j!ted for review for Possible pUblication on May 9,1967.

I Hydr. Engr., t:. S. Engr. Dist .. Kansas City, Mo.
2l\lcCarthy, G. T., "Engineering Procedure as Applied to Flood Control It

·"jlh Reference to the ;'\)uskingum Flood Control Project. Appendix IV," Tht­'choo), Fort Belvoir, Va., 193ti.

_._...---.....--~

BY 6 5615

... '...
November, 1967-lilt

drainage area size, in acres:
coefficient:
coefficient; .
ratio of peak runoff rate, in cubic feet per second per acre, to the max­
imum rainfall intensity averaged over the time I Q;
coefficient;

maximum average rainfall intensity, in inches per hour, averaged over
the time I Q;
ratio of impervious area to total area:
coefficient;
length of the main drainage channel, in feet;
an integer used to denote the rank of an element in a sequence;
number of years of data;
number of storms observed during N years of data;
percentage of sample values exceeding in magnitude the value of th-.
mth value in a sequence of observations;
peak runoff rate in cubic feet per second;
runoff rate in cubic feet per second per acre (q =estimate of q);
slope of the main drainage channel, as percentage or feet per 100 ffOr:
return interval, in years;
rainfall intensity averaging time. here defined as the length of tim'
during which the instantaneous rainfall intensity is averaged to obtai:
an average rainfall intensity;
time of concentration; and
time lag between the centroid of the rainfall hyetograph and the centro::
of the runoff hydrograph.

A
a

"c=

The following symbols have been adopted for use in this paper:

APPENDIX ....;. NOTATION

c =
1 =

Q
q
S
T=
I =Q

Ie
11

drainage area. Because the data used to develop these equations have been
collected in the Baltimore area, they may not be applicable to other urban
areas. The purpose in presenting these equations is to demonstrate the pos­
sibility of developing similar equations suitable for deSign usc if suffiCient
data were collected from many gaged urban areas throughout the United
States.

Rational Method estimates of runoff were made by five storm drain de­
signers in accordance with their normal design procedures, and these are
compared with runoff values from runoff frequency curves for six of the gaged
areas. It was found from this comparison that for every five Rational MethOd
estimates, one of them, on the average, may be in error by more than 25%.

··['1
370 .'

Imp =
K=
L =

m =
N=
n
p
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City of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~oo)

Project Name and Location:-----------------------------'----
Drainage Concentration Point:----------------------------

*Watershed Area(A) at Drainage Concentration Point: acres.--------------
Length of Hydraulically Longest Watercourse (L ):

c ----------------
ft.

Length from center of Watershed Area (L ), along L :
ca c --------------

ft.

Change in Length Factors - ft. Change in Elevation Factors - ft.

fl.H
l

: 3
ll.Ll/ll.Hl

3
ll.H

2
: ll.L

2
/ll.H2

3
6H

3
: 6Ll6H3

+ + =

ft./ft.

Subarea 2

)2 =
-----
Subarea 1

ll.L
l

: (ll.L
l

) 3 _

~L2: (ll.L
2

) 3 _

3
ll.L

3
: (ll.L

3
)

I = t:~r + t::H + t::~)'
2

Mean Slope(S )=(L /1) =
c c

Watershed Type(s)
(% of Total Area):-------

Weighted Watershed
Average

**Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

50-Year

n =
bw--------

I =
w --------

C =
w -------

25-Year10-Year

= 12/(1+0.05T )= inches/hour
c --------

2-Year

Basin Factor(n
b

):

Imperviousness(%):-----------

At T ,100-year Rainfall Intensity(i)
c

100
lOa-year Flood Peak(Q ) = C iA= x x = cfs(future)

p w ----.... ;"..----. :....---- 5~~~~§~

Runoff Coefficient(C ):
w ---------

Z-Factcr(Z) = 0.444n
b

(L L )0.3/(S C )0.4 = (future)
w c ca c w

Ratio to 100-year Peak:

For Other Return Periods:

Ill.
1

12.

. 13.

'1 14
•

15.

116 .

'1 17

•

Q ~ubic feet/second):

A may not exceed 1,280 acres (2 square miles) in size.
T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

I
I

Prepared by: Company: Date:



*Watershed Area(A) at Drainage Concentration Point: acres.----------------

project Name and Location:---------------------------'-
Drainage Concentration Point:----------------------------

City of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

ft.

ft.

Length of Hydraulically Longest Watercourse (L ):
c·' ----------:--------

Length from center of Watershed Area (L ), along L : -:-- _
ca c

I
:1 l.

2.

tl 3.

1
4.

5.

Change in Length Factors - ft. Change in Elevation Factors - ft.

6L
l

: (6L
l

) 3 _

6L
2

: (6L
2

) 3 _

3
6L

3
: (6L

3
)

I = (6L~ )' + (6L~)'
6H

l
6H

2

2
Mean Slope (5 )=(L /I) =c . c

Watershed Type(s)
(% of Total Area):-------

Weighted Watershed
Average

**Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

I =w --------

n =
bw ---------

C =w ----------

l2/(1+0.OST )= inches/hour
c --------

Basin Factor(n
b

):

Imperviousness(%): _

Runoff Coefficient(C ):
w ---------

Z-Factor(z) = 0.444n
b

(L L )0.3/(5 C )0.4 = (future)
w c ca c w

At T , 100-year Rainfall Intensity(i) =
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ------ ---- 5$ss$§§$§§5

, 12.

113.
:1 14

•

15.

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

17.
"

I
il

For Other Return Periods:

Ratio to 100-year Peak:

Q <Cubic feet/second):

2-Year 10-Year 25-Year 50-Year

I
I

Prepared by: Company: Date:



ft.

ft.

Date:

50-Year

=

=

nbw=--------

I
w

Weighted Watershed
Average

cw

25-Year

minutes (future)---------

lO-Year

Change in Elevation Factors .. ft.

Company:

2-Year

City of Tucson
, '. ( 100Hydrologl.c Data. Sheet Eor Computing lOa-Year Peak Dl.scharge Qp----l

Project Name and Location:
-----..,---------------~-----~---

Length of Hydraulically Longest Watercourse (L ):
c ------..,...----------

Drainage Concentration Point:----------------------------

Length from center of Watershed Area (L ), along L : -'-__
ca c

Change in Length Factors - ft.

Basin Factor(n
b

):

Watershed Type(s)
(ll; of Total Area):-------

Runoff Coefficient(C ):
w ---------

Imperviousness (ll;) : _

Z-Factor(Z) = 0.444n
b

(L L )0.3/(S C )0.4 = (future)
w c ca c w

Ratio to 100-year Peak:

Q <Cubic feet/second):

For Other Return Periods:

*Watershed Area(A) at Drainage Concentration Point: acres.--------------3.

2.

4.

(~Ll)3 3
a. ~Ll : ~Hl : ~Ll/~Hl

(~L2)3 3
b. ~L2: lIH

2
: lIL

2
/lIH

2

~L3: (lIL
3

)
3

lIH
3

:
3

c. lIL/ lIH3

thL~ }!
t

AL3

f (~l7. I = +
~H~

+
= + + =

~Hl ~H3

2 ) 2 ft./ft.8. Mean Slope(S )=(L /I) = =c c

Subarea 1 Subarea 2

6.

9.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.

ill.
"

1 5.

I
I
I
I
I

I
I

I 10.

Ill.
113.
11 14. **Time of Concentration (Tc ) , determined from Table III:

15. At T
c

' 100-year Rainfall Intensity (i) = 12/(1+0.OSTc)= inches/hour

I 100
16. 100-year Flood Peak (Q ) = c iA= x x = cfs(future)

p w ---- ---- ---- S5~5S~5S§1

J
.:1­
'I



I City of Tucson
. h f . h ( 100

Hydrolog~c Data S eet or Computing 100-Year Peak D~SG arg.e Qp---l

Project Name and Location: __

14. **Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

2. Drainage Concentration point:------------------------

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

*Watershed Area(A) at Drainage Concentration Point: acres.----------------
ft.

ft.

Date:

50-Year

n =
bw --------

I =
W ---------

C =
W -------

Weighted Watershed
Average

25-YearlO-Year

Change in Elevation Factors - ft.

= 12/(1+0.05T )= inches/hour
c -----------

6H
l

: 3
6L

l
/6H

l
3

6H
2

: 6L
2

/6H
2

3
8H

3
: 6L/6H

3

+ + =

)2 = ft./ft.

Subarea 2

Company:

2-Year

Length of Hydraulically Longest Watercourse (L ):
c --------------------

Subarea 1

Length from center of Watershed Area (L ) I along L : _
ca c

Change in Length Factors - ft.

Watershed Type(s)
(% of Total Area):--------

6L
l

: (6L
l

) 3 _

6L
2

: (6L
2

) 3 _

3
6L

3
: (6L

3
)

I = (6L~)1 + (6L;)' + (r6L~ \1 =

6Hl . 6H2 ~

2
Mean Slope(S )=(L /1) =

c c

Basin Factor(n
b

):

Imperviousness(%):------------

At T lIDO-year Rainfall Intensity(i)
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

P W -----' ;"'---' ;......-...;.-.- 5§$5§5§5~

Ratio to 100-year Peak:

Runoff Coefficient(C ):
W ---------

Z-Factcr(Z) = 0.444~ (L L )0.3/(5 C )0.4 = (future)
bW c ca c W

Q <Cubic feet/second):

For Other Return Periods:

3.

4.

5.

6.

a.

b.

c.

7.

Prepared by:

9.

8.

11.

10.

12.

15.

13.

17.

16.

;'1
;1
II

'1
I
I
I
I
I
:1.,
,I
I
:1

I
I
I



City of Tucson
Hydrologic Data Sheet for Computing laO-Year Peak Discharge (Q~OO)

ft.

ft.

Date:

50-Year

=

=

n =
bw ----------

I
w

Cw

Weighted watershed
Average

25-Year10-Year

6H
l

: 3
boLI/boHl

3
boH

2
: boL2 /boH2

boH
3

:
3

boL
3

/boH
3

+ + =

ft./ft.

Subarea 2

Company:

2-Year

Subarea 1

) 2 =-------

Project Name and Location: ~--------------~-------------------------

Length from center of Watershed Area(L ), along L : _
ca c

Change in Elevation Factors - ft.

Length of Hydraulically Longest Watercourse (Lc):-------------~-----------

Drainage Concenuration Point:
----------------------------------~--------

Watershed Type(s)
(% of Total Area):---------

2
Mean Slope(S )=(L /1) =

c c

Ratio to lOa-year Peak:

Basin Factor(n
b

):

Imperviousness (%) : _

Runoff Coefficient(C ):
w ----------

Z-Factor(Z) = 0.444~ (L L )0.3/(S C )0.4 = (future)
ow c ca c w

For Other Return Periods:

Q (cubic feet/second):

*Watershed Area(A) at Drainage Concentration Point: acres.---------------------"--

6. Change in Length Factors - ft.

a. boLl: (boLl) 3

b. 6L2 : (boL
2

)
3

c. boL
3

: (boL
3

)3

I = (6L~ l' (6L
3

1' (~!7. +

boH~
+

=
boH

l
boH

3

4.

8.

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12.

17.

II !.

2.

11 3.

:1 5.

-I
:1
I
:,
I

9.

I 10.

;Il!.

I 13.

14. **Time of Concentration(T ), determined from Table III: minutes (future)

'11 15. At Tc ' 100-year Rainfal: Intensity(i) = l2/(1+0.05Tc)-=~~~~~~~~~~~~~~=incheS/hour
100'I 16. 100-year Flood Peak (Qp ) = CwiA= X x = ~5S5S55~Cfs (future)

;1

I­
I
I
I



ft.

ft.

Date:

50-Year

I =w -------

n =bw-------

cw

Weighted Watershed
Average

25-YearlO-Year

toH
l

: 36L
l

/6H
l

3
6H

2
: 6L2 /6H

2
3

b.H
3

: b.L/b.H3

+ + =

ft./ft.

Subarea 2

Change in Elevation Factors - ft.

= 12/(l+0.05T )= inches/hour
c --------

Company:

2-Year

Subarea 1

)2 =
'-----

City of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Project Name and Location:-------------------------'-------

Change in Length Factors - ft.

2
Mean Slope(S )=(L /1) =

c c

At T , lOa-year Rainfall Intensity(i)
c

100
lOa-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ---- ---- 555$55~·

Watershed Type(s)
(% of Total Area):------

Ratio to lOa-year Peak:

Basin Factor(n
b

):

Imperviousness (%) : _

Runoff Coefficient (C
w

) : _

Z-Factcr{Z) = 0.444~ (L L )0.3/{S C )0.4 = (future)
ow c ca c w ----------------

Q <Cubic feet/second):

For Other Return Periods:

a. 6L
l

: (6L
l

) 3

b. toL2 : (6L
2

) 3

c. 6L
3

: (6L
3

) 3

1.

4. Length of Hydraulically Longest Watercourse (L ):
c -----------------

5. Length from center of Watershed Area (L ), along L : -
ca c

6.

8.

Prepared by:

3. *Watershed Area(A) at Drainage Concentration Point: acres.----------------

9.

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

2. Drainage Concentration Point:-----------------------------

12.

10.

16.

13.

14. **Time of Concentration(T ), determined from Table III: minutes (future)
c --------

11.

15.

17.

I
II
11

'I
I
I
I
I
I
I

··'·1:' -
,

I
I
,I
I

-1
':,1

I
I



City of Tucson
Hydrologic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

Project Name and Location:---------------------------
Drainage Concentration Point: -----__---- _

*Watershed Area(A) at Drainage Concentration Point: acres.
-----------------~

Length of Hydraulically Longest Watercourse (L
c

): _

Length from center of Watershed Area(L ), along L :
ca c --------~--~~----

ft.

ft.

Change in Length Factors - ft. Change in Elevation Factors - ft.

14. **Time of Concentration(T ), determined from Table III: minutes (future)
c --------~

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

50-Year

I =w ------~

C =w --------

Weighted Watershed
Average

25-Year10-Year

3
~Hl : llL1/llHl

3
llH

2
: llL2lllH2

36H
3

: llL/~H3

+ + =

ft./ft.

Subarea 2

= 12/(1+0.05T )= inches/hourc -------...:.--

2-Year

)2 =-----

llL
l

: (llL
1

) 3 -

~L2: (llL
2

) 3 _

3
6L

3
: (6L

3
)

I = (llL~)' + ('llL~ \' + (rllL~ \' =

\llHl ~ ~ ---------

2
Mean Slope(S )=(L /1) =

cc

Subarea 1
Watershed Type(s)
(% of Total Area):----------

Runoff Coefficient(C ):
w ---------

Z-Factor(Z) = 0.444n
b

(L L )0.3/(S C )0.4 = (future)
w c ca c w

Basin Factor(n
b

):

Imperviousness (%) : _

At T , 100-year Rainfall Intensity(i)
c

100
lOO-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ---- ----....;. 5§§5555~

Ratio to 100-year Peak:

Q (cubic feet/second):

For Other Return Periods:

9.

10.

12.

11.

13.

15.

16.

17.

I
I
'I
'I
:1
I
I
;1

:1
I
I

prepared by: Company: Date:



*Watershed Area(A) at Drainage Concentration Point: acres.--------------

Project Name and Location:---------------------'----------
Drainage Concentration Point:----------------------------

14. **Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

ft.

50-Year

Weighted Watershed
Average

nbw=--~-----

I =w --------

c =
w -------

25-Year

ft./ft.

Subarea 2

IO-Year

12/(1+0.05T )= inches/hour
c --------

2-Year

) 2 =----- -----

Length from center of Watershed Area (L ), along L : ---- _
ca c

Change in Length Factors - ft.

Basin Factor(~):

Subarea 1

Change in Elevation Factors - ft.

ll.L
l

: (ll.L
l

) 3 11.
Hl

: ll.L~ /ll.H
l

_

ll.L
2

: (ll.L
2

)3 11.H2 : ll.L~/ll.H2 _

3 3
h.L

3
: (ll.L3 ) ll.H

3
: ll.L

3
/ll.H

3
---------

(
3); (3); (~3;I = ll.Ll + ll.L2 + ll.L3

ll.H
l

ll.H
2

ll.H
3

=-----+-----+----- -------

2
Mean Slope(S )=(L /1) =

c c

Watershed Type(s)
(% of Total Area):-------

At T , 100-year Rainfall Intensity(i) =
c

100
100-year Flood Peak (Q ) = C iA= x x = ~fs(future)

p w ----. :...._-- ----- 5~§S'§5555555

Imperviousness(%):-----------

Ratio to 100-year Peak:

Runoff Coefficient(C ):
w ---------

Z-Factor(Z) = 0.444Q (L L )0.3/(S C )0.4 = (future)
ow c ca c w ----------------

Q <Cubic feet/second):

For Other Return Periods:

9.

8.

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Length of Hydraulically Longest Watercourse (L ): ft.
c -.---------------

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

10.

12.

13.

11.

15.

16.

17.

I
I
I
I
.J

J
I
I
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Prepared by: Company: Date:



Ci ty 0 f Tucson
Hydrologic Data Sheet for Computing lOa-Year peak Discharge (Q~QO)

Project Name and Location:----------------------------
2. Drainage Concentration Point:---------------------------

*Watershed Area(A) at Drainage Concentration Point: acres.--------------
Length of Hydraulically Longest Watercourse (L ): ' _

c --

Length from center of Watershed Area (L ), along L : --'- _
ca c

(6L
l

) 3 3
a. 6L

l
: 6H

l
: 6L

l
/6H

l

(6L
2

)
3 3

b. 6L
2

: llH
2

: 6L
2

/6H
2

llL
3

: (llL 3 )
3 3c. llH

3
: llL/6H3

! = tbL~r
t
6L3
r (:~r7. +

6H:
+ + + =6H

l
6H

3

2 )2 ft./ft.8. Mean Slope(S )=(L /I) = =c c

Subarea 1 Subarea 2

ft.

ft.

Change in Elevation Factors - ft.Change in Length Factors - ft.

9. Watershed Type(s)
(% of Total Area):------

Weighted Watershed
Average

Basin Factor(n
b

): n =bw-------

Z-Factcr(Z) = 0.444Q (L L )0.3/(S C )0.4 = (future)
ow c ca c w -------'"---------

12.

Imperviousness (%):-----------
Runoff Coefficient(C ):

w --------

I
w

cw

=

=

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

17 • For Other Return Periods:

Ratio to lOa-year Peak:

Q (cubic feet/second):

2-Year la-Year 25-Year 50-Year

I
I

prepared by: Company: Date:



I
il 1.

City of Tucson
. h k . h ( 100Hydrolog1c Data S eet for Computing lOa-Year Pea D1sc arge Qp--l

Project Name and Location:------------------..------------
2. Drainage Concentration Point:____-c- _

*Watershed Area(A) at Drainage Concentration Point: acres.--------------
Length of Hydraulically Longest Watercourse (L ): . ~ ft.

c --

ft.

Change in Elevation Factors - ft.

Length from center of Watershed Area (L ) I along L : _
ca c

Change in Length Factors - ft.

3.

4.

5.

6.

a.

b.

c.

7.

8.

:1
~I

·1
'I
I
I
I

14. **Time of Concentration (T
c

) , determined from Table III: ~minutes(future)

50-Year

I =
w --------

n =bw--------

Weighted Watershed
Average

C =w -------

2S-Year10-Year

l2/(1+0.OST
C

)= inches/hour

2-Year

Watershed Type(s)
(% of Total Area):-------

Ratio to 100-year Peak:

Basin Factor (n
b

) :

Imperviousness(%):-----------
Runoff Coefficient(C ):

w ---------

Z-Factor(Z) = 0.444n. (L L )0.3/(5 C )0.4 = -(future)
ow c ca c w

At T , 100-year Rainfall Intensity(i)
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ;...--- ---- 5~~§§§~'

For Other Return Periods:

9.

12.

10.

11.

13.

17.

15.

16.

-,
I
I

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

.J

I
I

Q <Cubic feet/second):

Prepared by: Company: Date:
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City of Tucson
Hydrologic Data Sheet for Computing lOa-Year Peak Discharge (Q~OO)

Project Name and Location:-----------------------------
Drainage Concentration Point:-----------------------------

*Watershed Area(A) at Drainage Concentration Point: acres.--------------
Length of Hydraulically Longest Watercourse (Lc): ~ __ ft.

Length from center of Watershed Area (L ), along L : _
ca . c ft.

Change in Length Factors - ft. Change in Elevation Factors - ft.

14. **Time of concentration(T
c
)' determined from Table III: ~minutes(future)

50-Year

=

I =
w --------

Weighted Watershed
Average

n =bw--------

C =w -------

25-Year10-Year

= 12/(1+0.05T )= inches/hour
c --------

2-Year

Watershed Type(s)
(% of Total Area):------

2
Mean Slope(S )=(L /1) =

c c

Basin Factor(n
b

):

Imperviousness(%):-----------

Ratio to laO-year Peak:

At T , 100-year Rainfall Intensity(i)
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ----~------- 555§§§555~

Runoff Coefficient(C ):
w ----------

Z-Factcr(Z) = 0.4440. (L L )0.3/(S C )0.4 = (future)
nw c ca c w

For Other Return Periods:

7.

8.

9.

12.

11.

10.

17.

13.

16.

15.

;1

I
I
I
I
I
I
I
I
I
I
'I

Q <Cubic feet/second):

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

I
I

Prepared by: Company: Date:



14. **Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

ft.

I =w --------

Weighted Watershed
Average

n =bw--------

c =
w -------

12/(1+0.05T
C

)= inches/hour

Change in Elevation Factors - ft.

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q~OO)

Project Name and Location:----------------------------
Drainage Concentration Point:---------,.----'-----'--------------,.--

Length of Hydraulically Longest Watercourse (L ): ft.
c -,---------------

Length from center of Watershed Area(L ) I along L :
ca c --------------

Change in Length Factors - ft.

At T I lOa-year Rainfall Intensity(i) =
c

100
lOa-year Flood Peak (Q ) = C iA= x x = =SS5~~~§5CfS (future)p W ----' :..---- ---- ==

*Watershed Area(A) at Drainage Concentration Point: acres.------------,.----3.

1.

2.

5.

4.

(llL
I

) 3 3
a. llL

I
: llH

l
: llLI/llHl

(llL2 )
3 3

b. llL
2

: llH2 : llL2/11H
2

(llL
3

)
3 3

c. llL) : llH
3

: 6Li6H3

tAL~ j!
t

AL3

/
(~!7. I = +

llH~
+

= + + =
llH

I
llH

3

2 )2 ft./ft.8. Mean Slope(S )=(L /1) = =c c

Subarea 1 Subarea 2

6.

9. Watershed Type(s)
(% of Total Area):------

10. Basin Factor(n
b

):

11. Imperviousness (%):-----------
12. Runoff Coefficient(C ):

w ---------

13. Z-Factor(Z) = 0.444n
b

(L L )0.3/(S C )0.4 = (future)
w c ca c w

15.

16.

I

:1
:1

I
I
I
:1
:1
,I

I
1:1
il
'I.,

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

Prepared by:
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17. For Other Return Periods:

Ratio to lOa-year Peak:

Q ~ubic feet/second):

2-Year

Company:

la-Year 25-Year 50-Year

Date:

I



14. **Time of Concentration(T ), determined from Table III: minutes (future)
c ---------

ft.

ft.

Date:

50-Year

n =bw-------

I =
w --------

Weighted Watershed
Average

C =
w -------

25-YearlO-Year

Change in Elevation Factors - ft.

= l2/(1+0.OSTc)= inches/hour

3
6H

l
: 6L

l
/6H

l
3

6H
2

: 6L2 /6H
2

~H3:
3

~L/6H3

+ + =

)2 = ft./ft.

Subarea 2

Company:

2-Year

City of Tucson
Hydro1ogic Data Sheet for Computing lOO-Year Peak Discharge (Q~OO)

Project Name and Location:-----------------------------
Drainage Concentration Point:----------------------------

Length of Hydraulically Longest Watercourse (L ):
c -----------'-------

Length from center of watershed Area (L ), along L : _
ca·· c

Change in Length Factors - ft.

At T , 100-year Rainfall Intensity(i)
c

100
100-year Flood Peak (Q ) = C iA= x x = cfs(future)

p w ---- ---- =------- 5§~55§§§

Ratio to lOa-year Peak:

Q ~ubic feet/second):

For Other Return Periods:

*Watershed Area(A) at Drainage Concentration Point: acres.----------------

Subarea 1

6L
l

: (6L
l

) 3 -

6L
2

: (6L
2

) 3 _

3
c. 6L

3
: (~L3)

( 3)1 (3)1 (~1I = 6Ll + ~L2 + 6L3
=

6H
l

6H
2

6H
3

2
Mean Slope(S )=(L /1) =

c c

7.

8.

9. Watershed Type(s)
(% of Total Area):-------

Prepared by:

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c

12. Runoff Coefficient(C ):
w ---------

13. Z-Factor (Z) = 0.4440.. (L L ) O. 3/ (S C ) O. 4 = (future)
ow c ca c w ----------------

10. Basin Factor(n
b

):

11. Imperviousness (%):-----------

15.

16.

17.

I
11 i.

2.

11 3.

:1 4.

5.

;1 6.

a.

I b.

I

I

I
I
I
'I
'I
I

I



*Watershed Area(A) at Drainage Concentration Point: acres.--------------

Drainage Concentration Point:
-------------~-----:-----------

City of Tucson
, h . h ( 100Hydrologlc Data S eet for Computing laO-Year Peak D1SC arge Qp---l

Project Name and Location:
-:-----------------~--------~---

"tl
11 lo

2.

:1 3.

4.:1
5.

Length of Hydraulically Longest Watercourse (L ):
c ----------------

Length from center of Watershed Area (L ), along L :
ca c --------------

ft.

ft.

14. **Time of concentration(T
c
)' determined from Table III: minutes(future)

50-Year

=

=

I
w

Weighted Watershed
Average

cw

n =bw--------

25-Yearla-Year

= 12/(1+0.05Tc)= ~ inches/hour

2-Year

Watershed Type(s)
(% of Total Area):-------

Ratio to lOa-year Peak:

At T , lOa-year Rainfall Intensity(i)
c

100
lOa-year Flood Peak (Q ) = c iA= x x = cfs(future)

p w ----.---~---- 55§§$$$~

For Other Return Periods:

6. Change in Length Factors - ft. Change in Elevation Factors - ft.

(lIL
l

) 3 3a. lIL
l

: liH
l

: lIL
l

/lIHl

(lIL
2

)
3 3b. liL2 : lIH

2
: lIL2 /lIH2

lIL
3

: (lIL
3

) 3 3c. lIH
3

: lIL
3

/lIH
3

= ~6L~ jl ~6L3r (~l7. I +
6H:

+
= + + =

lIH
l

lIH
3

2 )2 ft./ft.8. Mean Slope(S )=(L /I) = =c c

Subarea 1 Subarea 2
9.

Basin Factor(n
b

):

11. Imperviousness (%) : _

10.

12. Runoff Coefficient(C ):
w ---------

13. Z-Factcr(Z) = 0.444n
b

(L L )0.3/(5 C )0.4 = (future)
w c ca c w

16.

15.

17.

I
I
I
I
'I
'I
:1
il
fl

* A may not exceed 1,280 acres (2 square miles) in size.
** T may not be less than five (5) minutes nor greater than sixty (60) minutes.

c
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Q <Cubic feet/second):

Company: Date:
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HP-41 USER INSTRUCTIONS AND OPTIONAL PROGRAM LISTING



Program Execution

Q2 = Q100 x ? = input for ratio to 100-year Q for Q2

Q10 = Q100 x ? = input ratio to 100-year Q for Q10

Q25 = Q100 x ? = input ratio to 100-year Q for Q25

Q50 = Q100 x ? = input ratio to lOO-year Q for Q50.

5. Program Output

I = a factor which represents the summation of slope increments for

mean channel slope determination.

Z = Z-factor, a coefficient which relates the physical characteristics of

a watershed to its time of concentration.

TC = Time of concentration in minutes

Program COTFP

Program COTFP computes peak discharge rates by utilizing a simplifica­

tion of a method by the Pima County Department of Transportation and Flood

Control District. The simplified method is applicable to a small watershed

(drainage area less than 2 square miles) with a time of concentration greater

than 5 minutes and less than 60 minutes. An error message is printed if the

time of concentration is out of range.

Set SIZE: 13

XEQ COTFP

R!S advances user through program

Input basin parameters and hydrologic values when prompted.

l.

2.

3.

4.

Input Data

AREA - basin area in acres.

LC - length of the basin along the centerline of the channel, in feet.

LCA - length along channel from concentration point to centroid (area)

of basin, in feet.

DELTA # L - horizontal length of slope increment, in feet.

DELTA # H - change in elevation of slope increment, in feet.

NB - basin factor

CW - weighted runoff coefficient (dimensionless).

il
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PROGRAM COTFP EXAMPLE PROBLEM

RAIN.I = 100-year rainfall intensity in inches/hour

QIOO 100-year flood peak in cubic feet/second

Q2 = 2-year flood peak in cubic feet/second

QlO = lO~year flood peak in cubic feet/second

Q25 = 25 year flood peak in cubic feet/second

Q50 = 50 year flood peak in cubic feet/second

6. Press R/S to repeat peak discharge calculations for different basin/

watershed conditions or concentration points.

Third vertical slope increment (Delta 3H) = 8 feet.

Basin factor (NB) = .022

Weighted runoff coefficient = .75

Ratio to 100-year Q for Q2 (Q2 = QIOO x ?) = .20

Ratio to 100-year Q for QlO (QIO = QIOO x ?) = .45

Ratio to 100-year Q for Q25 (Q25 = QIOO x ?) = .65

Ratio to 10O-year Q for Q50 (Q50 = QIOO x ?) = .85

INPUT DATA FOR EXAMPLE PROBLEM

Area = 100 acres

Length of channel (LC) = 4500 feet

Length along channel to centroid of basin (LCA) = 2200 feet.

Number of slopes = 3

First horizontal slope ~ncrement (Delta 1 L) = 1300 feet.

First vertical slope increment (Delta 1 H) = 9 feet.

Second horizontal slope increment (Delta 2L) = 1900 feet.

Second vertical slope increment (Delta 2H) = 15 feet.

Third horizontal slope increment (Delta 3L) = 1300 feet

I
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PROGRAM COTFP EXAMPLE

I
!I
11
:1
I
I
I
'I
I
I
;1

I
:1

I
:1
'I
I
I
:1

5ef p....,--c~//--e.r
KEYSTROKE

XEQ(Alpha)COTFP

100 R/S

4500 R/S

2200 R/S

3 R/S

1300 R/S

9 R/S

1900 R/S

15 R/S

1300 R/S

8 R/S

R/S

R/S

.022 R/S

.75 R/S

R/S

R/S

R/S

R/S

.2 R/S

R/S

.45 R/S

R/S

.65 R/S

R/S

.85 R/S

R/S

:77 C' /V'; AI\J

(Alpha)

DISPLAY

AREA ACRES?

INPUT LC ? L1'1df'A~iC.«//c:J LC"A'-;"J JUJ~fe(_d<1-, f{
(j v ,_) \

INPUT LCA? Fe. 10 &.tAh::r c-/;; i'>' ,

NO. SLOPES ?

If'DELTA,J.I~ L ?

DELTA 1. H ?

DELTA 2. L ?

DELTA 2. H ?

DELTA 3. L ?

DELTA 3. H ?

I = 53,580

SLOPE = .0071

INPUT NB ?

INPUT CW ?

Z = 9.9793

(Beep) TC = 12.0000 12

(Beep) RAINF.I = 7.5000-~
(Beep) Q100 = 562.50

Q2 = QIOO x ?

Q2 = 112.50

QIO = Q100 x ?
..._-- -_._--_•.._------------_._~._---

Q10 = 253.13

Q25 = Q100 x ?

Q25 = 365.63

Q50 = QIOO x ?

Q50 = 478.13

AREA ACRES ? (beginning)
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STORAGE REGISTER CONTENTS

STO 00 - Temporary

STO 01 - LC

STO 02 - LCA

STO 03 - NB

STO 04 - SLOPE

STO 05 - Not used

STO 06 - CW

STO 07 - AREA

STO 08 - Temporary

STO 09 - TC

STO 10 - (RAINF.I)

STO 11 - Number of slopes (counter)

STO 12 - Temporary
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HP-41 COMPUTER PROGRAM LISTING FOR CITY OF TUCSON
"SIMPLIFIED METHOD FOR ESTIMATING FLOOD PEAKS"

"COTFP"

?RP "COlFP'"

i11+LElL ttCOTFP"
e2 CLRG
03 SF 21

94 ·COT l~eYR PEAK:"
65 FS? 55
66 PRA
87 RDY
9S ~DY

e9+LBL ttt
18 -AREA ACRES?"

11 XEP 99
12 STO 87
13 AllY

i4 "IHPUT LC.,"
15 XER 99
16 STO el
17 AD~'

18 "INPUT Lefl'!"
19 XEQ 99
20 STO 02
21 RDV

22 "HO. SLOPES?"
23 XEQ 99
24 1 £3
25 I

26 1
27 +
28 STO 11
29 tIl( e

39tlBL lli
31 "DELTA •
32 ARCL 11
33 "I- l?"
34 XEQ 99
35 3
36 n·x
37 STO 12
38 "DELTA"
39 ARCL 11
40 "I- H?"
4t XE9 99
42 RCL 12 .'
43 XO'i
44/
45 .~

46 ytX
47 ST+ es
48 ISG 11 . I
49 GTG 16

59+LBL 29
51 RCL ea
52 -1=-
53 XEQ 913
54 FIX"
55 RCL B:
S6 ReL 98
57 I

So Xt2
59 STO 9t

6e "SLOPE:"
t.l XEa 9B
62 ADV

63 "I HPUT tmr
64 XEP 99
~s STO e3
66 rtD"

67 "INPUT CW?"
63 XEQ 9'~

69 STG 86
79 Rel 94
71 RC:L 96
72-
73 .4
74 'r'tX
75sm ea
76 RCL B!
7? RCL 92
78 ..
7'1 .3
80 'r'fr-
8t Rel 83
82 '*
83 .444
84 It

85 ReL 8~

86 I

87STO ee
83 ADY
89 ·Z="
ge XEQ 98
91 STO 8S

92+LBL 3fl
n RCL 98
94 .8~

95 *
96 1
97 +
98 .4
99 YtX

198 RCL e~

UH •
'192 STO B9
183 RCl 88
184 -
HIS ASS

::~ X~)Y "~'.
198 X<='i? ,
199 GTO 48
118 RCL 89
111 STO 8S
112 eTO 38



286+LBL 95
Z87 RCl 98
Z88 *
289 RTH

21"LBl 99
21&' PROKPl
21' ....
2UI ARCL x
211 FS? s~

219 PRA
no RTH
221 END

210+LBL 98
211 ARCL X
212 AVIEW
:it J STep
211 RTH

1713 FS? 55
171 PRP.
172 AD~'

173 "LESSE~ PEAKS:"
174 FS? 55
175 PRP.
176 ~lItV

177 ADV
178 "Q2=QI6eX 1"

179 XEG 99
180 XEQ 95
181 "02=·
182 XEQ 98
183 ADY

184 ·GI0=QI06X 1"
185 XEQ ~9

186 XEQ 95
187 ·Q18="
18S XEQ 98
189 ADY

199 ·Q25=QI8eX 1·
191 XEQ 99
192 XEQ 95
193 ·G25=·
194 XEQ 98
195 ADY

196 ·QS8=QI0eX 1"

197 XEQ 99
198 XEQ 9S
199 ·059="
280 XEQ 98

281 .**************"
282 FS? 55
283 PRA
204 AD\!
285 eTO 19

13Z+LBL 70
133 ReL 09
134 IHT
135 STO 89
136 TOKE e
137 RDY
138 ·TC=·
139 XEQ 98
1413 GTI) 68

t 13+LBL 4e
114 Rel e'~

1t~ s
l1E. XiV?

~ 117 GTO 58
118 ReL 89
119 68
128 X<'I'?
121 GTO S9
122 ReL 119
123 FRC
124 .5
125 lOY?
126 GTO 713
127 Rel ~9

128 1
129 +
13e HiT
131 STO e9

HP-41 COMPUTER PROGRAM LISTING FOR CITY OF TUCSON
"SIMPLIFIED METHOD FOR ESTIMATING FLOOD PEAKS"

"COTFP"

144+LBl 68
145 Ret 99
146 .95
147 *
143 1
149 +
158 STO Ie
151 12
152 ReL 18
153 /
154 SIO tEl
155 TONE 9
156 AllY

157 ·RAINF. }=.

158 KEQ 98
159 ReL 86
169 •
161 ReL 87
162 *
163 STO eo
164 fIX 2
165 TOME 9
166 ADY
167 ·QI89=·
168 XEQ 98

169 ••••••*••*••••••

141+LBL Sf!
142 ·TC our OF RANCE·

143 XEQ 98
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