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Dr. Brian M. Reich, P.E.
Assistant City Engineer
Flood Plain Management
City of Tucson Engineering
P.0O. Box 27210

Tucson, AZ 58726

RE: Simplified Method for
Estimating Flood Peaks

Dear RBrian:

The firm of Simons, Li & Associates, Inc., has completed 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.

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.

Very truly yours,
Wik o & Zaldan

Michael E. Zeller, P.E.
Manager

MEZ/sv
Enclosures

FORT COLLINS OFFICE: POST OFFICE BOX 1816, FORT COLLINS, COLORADO 80522 (303) 223-4100
DENVER OFFICE: 1780 E. BELLAIRE, SUITE 506, DENVER, COLORADO 80222 (303) 692-0369
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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 is a 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 100-year flood peak (Q;OO) are given
below and correspond to the numbers on the blank Hydrologic Data Sheet attached.

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, Entef the length, in feet (Lc)' of the hydraulically longest
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
cehter (Lca) in feet. If, for an unusually shaped watershed, the center is
difficult to estimate, then Lca may be approximated as Lc/2.

6. Enter the lengths of three segments of the longest collector and
their corresponding changes in elevation onto lines a,b, and c. Channel
slopes within each_segment should be approximately constant.

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

8. The mean slope (sc) is calculated.

9. Enter the watershed type(s) (e.g., suburban, commercial, etc.)
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) (nb), chosen from Table I.

11. Enter future imperviousness (in %).

12. Choose the weighted runoff coefficient (Cw) from Table 1I. Where watershed
parts are listed, weight their C's according to the ratios recorded on Line 9
before finding the average Cw.

13. Calculate the Z-factor.

14. The future time of concentration (Tc) in minutes is found, to the
nearest minute, by entering Table III with the 2Z-factor. One should never use

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

minutes.




15. The 100-year rainfall intensity, as approved by the City Engineer on
October 31, 1977, can now be determined from the equation:

12

* T3%0.057) -
C

16. The future 100-year flood peak for the design point is calculated
by the "rational” formula, Q;OO = CwiA. If the study watershed is already
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.
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Table I

Basin Factor (nb) For Varying Degrees of Land Use
Within the Incorporated Limits of the City of Tucson
Natural Rural Suburban *Mod. Urban *Hvy. Urban *Comm/Ind.
N.C. 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

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

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

shown in Table I and n, = .030 for combination street flows/improved channel

b
flows in accordance with their watershed ratios.

Table II
100-Year Weighted Runoff Coefficient (Cw) for Varying Degrees of Land Use
Within the Incorporated Limits of the City of Tucson (Percent in Parenthesis

Represents Amount of Impervious Cover)

Natural Rural Suburban Mod. Urban Hvy. Urban Comm/Ind.

(0%) (10%) (20%) (40%) (70%) (90%)

0. 60 0.65 0.70 0.75 0.85 0.95

Table III
Z-Factor Versus Time of Concentration (Tﬁ) }

Z T Z T Z T Z T

— < - _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 31l.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

_3_




Table IV

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

RECURRENCE INTERVAL

WATERSHED TYPE 2=Yr. 10-Yr. 25-Yr. 50-Yr.
Natural v 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 v 0.85

EXAMPLE:
Problem
A 100-acre watershed outlets at the southwest corner of X-Street and J-
Avenue. The watershed is moderately urbanized, and contains improved channels
with lined sides and natural (earthen) bottoms. What is the 100-year flood
peak for this watershed?

R ’ City of Tucson 100
Solution: Hydrologic Data Shedt for Computing 100-Year Peak Discharge (Q ")

1. Project Name and L.ocat:ion:_Na - Na_ug “!g&b xv- S&tggj é ,l-&ﬂg nue
1)
2. Drainage Concentration bPoint: &j: S‘” ‘ sryneyr ng !nh:sggisgﬂ

3. *wWatershed Area(A) at Drainage Concentration Point: 100 acres.

4. Length of Hydraulically Longest Watercourse (Lc): 4500 ft.

S. Length from center of Watershed Area(Lca) . along Lc: 8_8.50 ft.

M e MR Em e BN e o AN e me

6. Change in Length Factors -~ ft. Change in Elevation Factors - ft.
3 3
a. ouy:_ /300 (01" 2 199,000 000 My G s/ Q4 /1 (1]
3 3
L. 900 (oL, L K69,000,000 suy: /S5 sLy /oM, 4877, 246 (67
3 3
sny: (300 L) D 191 000,000 sy 3 any/ew; 204 (25 000
' sy 3y 3y
7. 1= AL]. . AL2 . l\l.3 .
= wo|  \m] LG L24r 2430y v 16,512~ SZSRO
2 2
8.  Mean Slope(s )=(L_/1)°= (0,084 )" = 0.007] tr./tt.

Subarea 1 Subarea 2
9. Watershed Type(s) Weighted Watershed
(¢ of Total Area): Mad, Urban (JOO %) N/A ¢ ) Average
4
10. Basin Factor (nb) : 0.022 I//A nbv-—'Q‘-sz—
11. Impervio (%) H0%a N/A I, '.__.‘ﬁQ_b_.
12.  Runoff Coefficient(C):__0.71S5 N/A c, -_0.15
0.3 0.4

13.  z-Factor(z) = 0.444n_ (L _L_ )" /(5 C,) 10,02 (future)
14. **Time of Concentration (Tc) , determined from Table III: minutes (future)

1s. At Tc, 100-year Rainfall Intensity(i) = 12/(14»0.051“:)- ‘1‘542 inches/hour
100 .
16. 100-year Flood Peak (Qp ) = Cw:.A- Qas x 1,50 x [QQ - éé cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
Ratio to 100-year Peak: 0.20 0,45 0.65 les
Q cubic feet/second): l/! Z o J 5 3 . 3@6 !ﬁzz .

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

Prepared by: Company: Date: : —-4-

J.D. XyZ & Asso, Jan, 1232 |

‘ -‘




City of Tucson

Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q

100)
p—

1. Project Name and Location:
2. Drainage Concenbtration Point:
3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along L : ft.
6. Change in Length Factors -~ ft. Change in Elevation Factors - ft.
a. AL.: (AL )3 AH. : AL3/AH
) 1’ 1 1 1 1
3 3
b. AL,: (aL,) AH,: ALZ/AHz
3 3
c. AL,: (AL,) AH: ALB/AH3
AL3 : AL3 : AL3 §
7. I = + 2 + 3 _ + + -
AHl AH2 AH3
2 2
8. Mean Slope(sc)=(Lc/I) = ( )T = ft./ft.
Subarea 1 Subarea 2 :
9. Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average (future)
10. Basin Factor(nb): n o
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13. Z-Factcr (Z2) = 0.444 (L L )0‘3/(5 C )0'4 = (future) -
Ppw “Ccca cw :
14. **Time of Concentration(Tc), determined from Table III: minutes (future)

inches/hour

cfs (future)

Ratio to 100-year Peak:

15. At Tc' 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)=
100 X
16. 100-year Flood Peak (Qp ) = Cw1A= x X
17. For Other Return Periods: 2-Year 10-Year 25-Year

50-Year

0 (cubic feet/second):

I

* A may not exceed 1,280 acres (2 square miles) in size.
*% Tc may not be less than five

Prepared by: Company:

(5) minutes nor greater than sixty (60) minutes.

Date:
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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 hydrologic fgrocedures manual entitled "Simplified Met od of Estimating

Fefc{/

Flood Peaks.", This "simplified ' method" is based upon the lea 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 especiall y for the conditicns 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 "2" factor was developed based upon the physical parameters of

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

(Tc). Such parameters include length, slope, and the basin factor.

Y‘ F’m ‘. /—A(S nltd "l’l&f%&/{ At CITY OF TV/\:;CJN 49« ’T;Jﬁ
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'l ' 6. Table 3, developed for use in Step 14 in order to solve for the time
g » of concentration of the watershed, is used in conjunction with the "2" factor
. to avoid an iterative solution of 'I‘c as is done presently in Pima County's

gl ‘ 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 Tc versus intensity curve from which values could be

plotted that were subsequently called "z" factors.

R
o

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

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

Y

RN
-

?, information in NOAA Atlas,\."Volume;‘@(l9_73) ;, Rainfall Statistical Data Summary

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

(e
L

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 Couhty's Hydrology Manual. These ratios have been developed

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

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

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

l 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

l 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

g. of the 2-year, 25-year, and 100-year flood peaks against other standard proce-

dures for estimating flood peaks which have been utilized in the past within




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

g o

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

i e o

. 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; s
i S
- 4. The Walnut Gulch QlOO Curve signed by Brian M. Reich in April, 1979;
5. The latest published USGS Regional-Regression Curve developed by
Jdim 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:

L

1. ADOT Manual's procedure;

-
N
L]

The SCS, TR-55, procedure;
The Schaake Procedure, found in A.S.C.E. (1967); and

4. The rise time procedure of A.S.C.E. 10-minute Urban Hydrographs as -

S P ] SR
o
w
.

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

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

SR
L]

Table B, following Table A.

e et e e e e e < e
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‘ oW o) TABLE A = ’ e\ M 9

R o ? ¢ s ol K
o r? q‘ % *’COMEARISON OF_VARIOUS HYDROLOGIC PROCEDURES FOR THE ESTIMATION OF 5) f ﬁ((o / 2. / .,
N Q{MK o~ The 2-, 25 , and 1 0 FLOW EVENTS WITHIN THE VICINITY OF TUCSON, ARIZONA ,‘a;;’ﬂ

@ DRA:I:JEA:E wqj'st’ué::x(‘ CURVE %JK % 1-5?}1 CURVE U‘E "h"e\ff‘; '::qs. ADOT (Rational) gﬁ: 'g.lf[ u%s,,ngm “Asﬂ.l;.%f;".‘m /4«0)6 "271'9241)““
NAME OF WASH j(Acres)| 2° 25 100 25 100 2 100 2 25 100 2 \L 25 100 2 25 100 2 25 100
Alamo /-40{ 520 342 119 1709 328 1149 1642 321 1125 1607 - 250 983 1456 480”'1559 2399 435 1le21 2261 252 1.‘331~ 2438
Alvernon ’-2'0_‘7‘284 213 ')46 1066 180 629 899 211 739 1055 159 616 932 256 } 831 1278 236 879 1226
Z‘J';/(Z,,,v T[Anklam  2-58| 1350 | 688 2409 4130 | 732 2562 4392 | 241 1324 2407 | 207 2106 3119 | 398 52186 3975
Arcadia /17| 787 466 1632 2332 476 1665 2379 422 1478 2111 283 1102 1637 545 1773 2727 513 1916 2690

Cemetery /J3| 650 | 405 1416 2023 | 403 1410 2014 | 373 1305 1864 | 260 1047 1560 | 459 j1492 2296 ) 210 1409 2306

Cholla 0% 273 207 723 1240 172 603 1034 200 701 1002 139 622 956 198 ( 818 1377

| \0\‘71‘ Columbus 1?7} 176 144 505» - 722 106 379 529 149 521 - 744 .99 394 577 154 é 502 772 141 _5_26 734

¥ Este 0931178 625 2186 3750 660 2310 3960 221 1218 2214 283 1343 2062 584 2225 3647
/»‘_,f” Fr. Villagef.84] 762 456 1595 2734 463 1620 2777 168 925 1681 152 1052 1600 384 171536 2560
' High School.0l 576 | 369 1203 1847 | 361 1264 1805 | 344 1205 1721 | 207 933 1452 361 } 1379 2217 | 367 1535 2165 | 157 1318 2230
M.G. Vistap-%\ 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 492'} 1599 = 2460
Navajo 1-25] 697 426 1492 2132 428 1499 2142 390 1366 1951 279 1122 1673 534: 1736 2671
WL;{/ Pumping “0-40] 544 177 885 1769 171 857 1713 135 740 1346 54 653 1012 70( 700 . 1400
Railroad . /s 1216 639 2237 3196 676 2367 3382 555 1944 2777 389 1532 2335 766 2295 3530 306 2170 3555
Robb 76/ 1330 h 6812384 3406 724 2533 3619 587 2053 . 2933 5372 1397 2128 798 ;2594 3990 . A

: Rolling HiT1Z 31 ] 31 109 188 | 11 37 63 | 15 82 149 | 17 113 174 30/ 120 200 | 34 150 210 |

¥ Rosehill /-2/ ~1MO45 574 2008 2868 601 2104 3005 506 1770 2528 251 951 1505 578 11880 2892 551 2113 2973

o g W.Gulch i#4 563 182 908 1816 177 884 1768 138 758 1378 68 788 1250 84‘ ‘\i 845 1689 :

o T lw. speedway - | 204 219 767 1315 | 186 652 1118 88 484 880 129° 900 1379 139" ' 764 1389 122 1144 1772

" k - *All Flow Estimates Measured in cfs: R

ru“@




5 TABLE B
: . Comparison of Estimates of
‘_ ‘Times of Concentration (T_'s), Rise Times (T_'s), and Lag Times (T 's)
l ' Using Various Hydrologic Procedures
iy WASH A B C D E F
l Alamo 48 38 12 22 19 36
: l Alvernon 39 30 11 22 20 38
Anklam 52 66 17 34 33 83
. Arcadia 74 58 13 26 32 61
: Cemetery 59 50 13 26 31 59
" l Cholla 28 17 11 22 13 28
: Columbus 38 30 10 22 21 40
' Este 76 82 15 29 35 73
' Fr. Village 59 75 14 29 30 64
' High School 47 39 13 27 25 51
' M.G. Vista 30 22 10 20 13 25
Midway 54 45 12 25 28 53
. Na\{ajo 60 49 13 25 27 51
. Pumping 58 107 32 64 36 119
Railroad 80 65 14 28 42 80
l Robb 100 80 15 27 40 76
o Rolling Hills 10 12 8 17 6 13
| I Rosehill 117 94 15 29 45 86
l W. Gulch #4 45 79 29 55 28 93
West Speedway 16 20 13 26 13 33
' WHERE, in time units of minutes:
' Procedure A = ADOT Tc
L Procedure B = SCS, TR-55, T
l Procedure C = Schaake TL' in A.S.C.E. (November, 1967)
: Procedure D = A.S.C.E. 10-minute Unit Hydrograph Trfor Urban Areas (1977)
l Procedure E = Tc from Manual (Simplified Method) for 100-year Flood
: Procedure F = T, from Manual (Simplified Method) for 2-year Flood




Iv. BACK-UP MATERIAL

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 try 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 Q100 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 establishing estimated 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 peaks

through this procedure.



The ADOT Manual procedure is merely an application of the Rational Form-
ula utilizing a time of concentration equation developed by P.Z. Kirpich from
data gathered by Ramser. The equation utilized is as follows:

. 19.77
T = 1 (L ' , in hours.

7700 /3

This same equation was later utilized for developing the time of concentration
for the 20 typical watersheds, as indicated in Table B.

The most interesting procedure for comparison with the simplified method
was that of the Santa Barbara Urban Hydrograph Model. It was found through
calibration of the method that Fouting times for use in the Santa Barbara
Urban Hydrogfaph must be approxiﬁétely 50% of the 100-year flood times of con-
éentration obtained through utilization of the siﬁplified 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)
procedures. Final results were: for a 100-year flood, the phi index is 1.1 inches/’
hour; for the 25-year flood, the phi index is 1.3 inches/hour; and, finally,
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-
cedure was based upon 50% of the 100-year flood time of concentration developed
in conjunction with the simplified method for estimating flood peaks.

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:




1. ADOT:
0.77
Tc = 1 L , in hours.
7700 /s
2. SCS, TR-55:
0.8 0.7
T =L +
L (S+1) , in hours.
1900v°+°

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

T = 1.05 L0.24 I_—0.26 S-O.l6

I, , in minutes.

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

.2 -0. -0. .
L0 3 S 0.25 I 0.18 ' 1.57

T = 3.1 () , in minutes.

| ol
[
il

length of the watershed in feet;

length of the watershed in feet/feet.

2. L = length of the watershed in feet;
1000
S = CN-10 (CN = SCS Curve No.);

Y slope, in percent

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

3. L = length of the watershed in feet;

I = impervious area, percent;

S = slope of the watershed in percent.
4. L = length of the watershed in feet;

S = slope of the watershed in feet/feet;

1 = impervious area, in percent;

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

“©
]
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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 equaticns
is the lag time of Schaake (item 3) which is related somewhat to the necessity
for utilizing 50% of the time of concentration in the simplified method as a
routing time to 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 gquantity 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 within the Tucson community where "flashy" flood peaks are so depen-
dent upon and caused by short, intense fainfall bursts that are common during
the summer thunderstorms which occur over the Tucson Valley.

The following pages are the working materials and back~up data which
support Tables A and B, as previously described. Additicnally, 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, if so desired.




BACK-UP DATA AND CALCULATIONS
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. City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: A‘Q‘MO \A)Q.S‘/'\

2. Drainage Concenbtration Point: Go\gf prks @oaA

3. *Watershed Area(A) at Drainage Concentration Point: 520 acres.
4. Length of Hydraulically Longest Watercourse (Lc)_: WSOYO ft.
5. Length from center of Watershed Area(Lca) ., along Lc: RULOO ft.
6. Change in Length Factors -~ ft. Change in Elevation Factors - ft.

a. 0L): 3200 (0L)° 3.2768 X (0'° mM: 2o MLi/m (L3R 400 000
b. AL,: 4300 (AL2)3'7.‘150‘7 X 10" MH,:_ 4O AL;/AHZ L9817 1S 000

3 3
c. AL3. (AL3) AH3: ALB/AH3
3 3 3
3 3 3 o
7. 1= (%1 + [fR2) 4+ [8h3) ~
AH AH AH - w_+_ﬁ1ﬁl+__—_.—__g;%_0___
1 2 3
8. Mean Slope(Sc)=(Lc/I)2= (D, .0¥32 )2 = 00,0078 ft./ft.
: Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): M, Uehap ¢ (00% ) ( ) Average
10. Basin Factor(nb) : 0.02.5 fggmg S¢, -P{“O n = 0. 025
11. Imperviousness (%): L0 %/, - I, = Lo %/
ﬁ Cd
12. Runoff Coefficient (Cw) : 0.7 C, = O.758
_ 0.3 0.4 _
13. Z-Factor (2) = 0.444nbw (Lcha) / (Sccw) = . /éé. 47 : $future)
14. **Time of Concentration(T ), determined from Table III: /9 minutes {future)
15. At Tc, 100~year Rainfall Intensity(i) = 12/(1+O.OSTC)= (p./5 inches/hour
100 . -
16.  100-year Flood Peak (Qp ) =c ia= 0.75 x G /5 x 520 =_ 2 33‘% cfs{future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
Ratio to 100-year Peak: 0.0 0. 45 0.065 0,85

Q (cubic feet/second): 4go [OR0 ZE 5 2 2039

— —— — — ——— — —— f—

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

Prepared by: Company: Date:

J e Zeller QLA




i . . PCECD METHOD

l : HYDROLOGIC DATA SHEET

Tgoject Name and Location: B\QMQ w os b
‘MPainage Concentration Point:_ @ GolS Links Boad

: ltefshed Area (A) 3___5;2@___ acrés/—sque%e—ni—}e&.

Length of Watercourse (L¢): "JSOQ  ft. Length to Center of Gravity (Lea): 2400 fc.

g'agmental Change in Length (Lgy) - ft. Incremental Change in Elevation (H4y) -~ ft.
l 2200 20
> 44200 40

.lan Slope (S¢): 0.0078 ft./ft. Watershed Type(s) :_M&ML%MG

Basin Factor (np): Q.03.5 -G-ﬁu—&rrq) Flood Frequency:_ 2D 25 |OO  yxs.
‘ 4, (24 hour): . __din. Areal Value: _ » ia.
(6 hour): 1n. : Areal Value: in.
-;:1 (1 hour): /O 2.2 3.0 in. Areal Value: in,
i' (2 hour): ‘ in. Areal Value: in.
.P (3 hour): in. Areal Value: , in.
Fi&l Group(s): YO /e R 2.0 % D Cover Type(s):_ | Izba.; S ALWNS
‘P wver Density (pervious areas): PQO r Imparvious Cover: L[—Oo/o {Euture)
;!(s): $2.9\ .99 - (pervious & impervious areas) CN*(s):gi]"\.lg mu,gz,g%'m,gg,zz.g 2;&3))79
(Curve’number) (ddjusted curve number)

:lnoff to Rainfall Ratio(s), (C) '<.05 417 ,(Q'){;Z% N4 gllpervious areas), 3 ..95 qb(impervious argas)

%!:off Supply Rate (q): &/ y (09; .7, 1 in./hr. (function of 1)
:&

e of Concentration (Tc): 17° heav /mins. (function of 1)

%lerative Solution of T.: 47 12, /9 are:/mins.
. yj 7

Rainfall Intensity (1) at To: L8 423 (./9 in./nr. Equation for Te:
élnoff Supply Rate (q) at Tg: ,28 !QHQQ._, iﬁin./hr. Te = B.h. (Lcha)'3 q"’l' hours.
- - 50

s

:iak Discharge: ' : ’
' : Note: For impervious areas, -

7 1.008 qA (acres) :w&:ﬁ' CN* = 99 (constant).

l 645.33qA (square miles): : cfs.
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway

Project No.

DESIGN DATA

Design Frequency
Drainage Area
Drainage Length
Elevation

At Structure

County
Location_g) GolS Livks Eoad
Station
Name of Stream Alcenpn Waoslh
2 28 [0oO years
A acres
Ar 520 acres
Aj acres ‘
7500 feet
Top of Drainage Area 740 feet
REeRI feet
0.%0 T

Drainage Area Slope

Precipitation
P = 6-hour
P = 24-hour

DESIGN COMPUTATIONS

Precipitation P1 = l-hour
Time of Concentration
Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp = CiA =

Computed by M E, Ze\\e\r (SL‘F\\, Date

N/A inches

! inches

L0 2,3 3.0 inches
Tc 43
i /2 2.7 3.5 inches/hour
c, 04 o1 0.1

minutes

-36-
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City of Tucson O
Hydrologic Data Sheet for Computing 100-Year Peak Dlscharge (Q

1. Project Name and Location: A‘\)er nown \A)a,s,t/\

2. Drainage Concenbration Point: S e e c\ LAY E\ 6] A X
\ -

b
|

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

l " 3. *Watershed Area(A) at Drainage Concentration Point: UL acres.
f 4. Length of Hydraulically Longest Watercourse (Lc) : ‘ 500 ft.
I 5. Length from center of Watershed Area(Lca) , along L.: 2SO0 ft.
I 6. Change in Length Factors ~ ft. Change in Elevation Factors - ft.
a: 8L:_GGO (L)) 2%7 49l o000 M /O M3/8H Q% Y] (00
v 7 ¥
3 o 3 -
l b. L,:_2900  (AL,)” 2,438 X \0 MMy DD AL/8H, 20
_ c. AL,: D240 (AL, > l (23 % 10'° My /7 AL:;/AH3 é(,l))q.z,‘g'xg
fl }
S (L -
l 1 33,270 * 5,013 -
8. Mean Slope(Sc)=(Lc/I) = (_Qm,_) = 0,008 ft./ft.
l Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
l (% of Total Area) :_MDAJMIMQ (100%) ( ) Average
' 10. Basin Factor(nb) : 0.030 (St . Fl ow) N e 0.030
' 11. Imperviousness (%): LLo%/> I, = 2L0°/>
12.  Runoff Coefficient(C):__ 0.75 c,=_ Q0,75
_ 0.3 0.4 _
' 13. Z-Factor (2) = 0. 4;44nb (Lc ca) /(Sch) .= /5.0] LEremee)
: l 14. **Time of Concentration (Tc) . determined from Table III: 20 minutes {(Eutured
‘™ 15, at T, 100-year Rainfall Intensity(i) = 12/(1+40.057 )= (.OQ  inches/hour o
:, 100 . _ |
l 16.  100-year Flood Peak (@) = C ir= 0,95 x6.00 x 234 =_ 1D Y cfstfusure)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
I Ratio to 100-year Peak: Oo. 20 0, 45 .65 O, 3E
I Q (cubic feet/second): 256 575 }31 [O8G

Prepared by: Company: Date:

l M E, Zeller SLA
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_ () Sngémau Blud,

Project No. - Station
Name of Stream_Myevunon Wagla

DESIGN DATA

Design Frequency 2 25 Joo years
Drainage Area A acres
Ay N QU acres
Aj ] acres
Drainage Length 5300 feet
Elevation '
Top of Drainage Area 2533 feet
At Structure 2YBY feet
Drainage Area Slope O, %
Precipitation
P = 6-hour N/ A inches
P = 24-hour / inches

DESIGN COMPUTATIONS

Precipitation P, = 1-hour /O 2.3 3.0 inches
Time of Concentration Tc 3% minutes
Rainfall Intensity i LY 3. 4l.] inches/hour
Runoff Coefficient c, Q0.4 0.7 0.%

Cz

Cs
Weighted Runoff Coefficient , C
Peak Discharge Qp = CiA = W/5°7 Gl G332 cfs

Computed by [\_/L E, _Ze ‘ lcr (\SLA) Date

-36-
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City of Tucson 00

Hydr010g1c Data Sheet for Computing 100-Year Peak Discharge (Q )

Project Name and Location: TA-“ klaM Wa/c,‘n
Drainage Concentration Point: F\\Ak\CLM KOO-A
*Watershed Area(A) at Drainage Concentration Point: 13 50 acres.
Length of Hydraulically Longest Watercoufﬁe(LC): {EST;7C?CD ft.
Length from center of Watershed Area(Lca) , along Lc: h]‘ 550 ft.
Change in Length Factors - ft. Change in Elevation Factors - ft.

a. 8127000 v’ 2,43 X 10" s fop  su}/ss; 3 430,000,000

b. an,: 4400 wr)” R, 584 X 10" any: [OO  a3/ev, $51 %40, DOO

c. ALy: D3INO (AL3)3 |.216L7 X lo‘o BH,: 100 ALg/AH3 /121 (670 000

) ,
AL3
o B o B e B MM—@MM&—
Mean Slope (S )=(L_ /I) = (0./387 ) 0)32 tt./5t.
Subarea 1 Subarea 2
Watershed Type (s) Weighted Watershed
(% of Total Area): E'“m { ([0D °/a) ( ) Average (—Qﬂ-are)
Basin Factor(nb) : 0, 03¢ D 9,034
Imperviousness (%) : /O o/a Iw = /0 °/o
Runoff Coefficient(C ): 0.65 C, = .65
Z-Facter (2) = 0.444nbw(Lcha)o'3/(Sccw)0'4 = 2 Z . ZQ (future)
**Pime of Concentration(Tc), determined from Table III: :3535 minutes (future)

At T, 100~year Rainfall Intensity (i) = 12/(1+0.05Tc)= Z;Q,E;E; inches/hour
100-year Flood Peak (Q;OO) = C_ ia= 0.065 x45323 x /350 = ﬁ‘Zﬁ)f cfs (future)
For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

0.0 o35 @ _055 095
398 [39/ 2/30 RIB)

Ratio to 100-year Peak:

Q (cubic feet/second):

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

Prepared by:

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

Company: Date:

M.E, Zeller SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway ' County
Location_ Apklam Road

Project No. Station
Name of Stream__ Anwklam Wash

DESIGN DATA

2 25 |poo years

Design Frequency

Drainage Area Ay acres
A> /RSO acres
A, acres

Drainage Length /3700 feet

Elevation
Top of Drainage Area I<900 feet
At Structure N 5000 feet
Drainage Area Slope 2., N %e
Precipitation
P = 6-hour N/A inches
P = 24-hour ' ‘inches

DESIGN COMPUTATIONS

1o 2.3 3,0 inches

Precipitation P1 = 1-hour

Time of Concentration
Rainfall Intensity

Runoff Coefficient

Tc 62, minutes
i /z / 2 zfe 5: 3 inches/hour

C, 0.2 0.6 0.1

Weighted Runoff Coefficient C

;!ﬁ'l ;“()‘2 5”3 cfs

Peak Discharge Qp = CiA =

Computed by M.E, Zelleyr <SLA) Date

~36-
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City of Tucson 0
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q

1. Project Name and Location: A r(;a,d L O \A)as \,\

2. Drainage Concenbration Point: C TR WA Cen S;-{-— ?DO_,A
’ ~

3. *Watershed Area(A) at Drainage Concentration Point: MR - : acres.
4. Length of Hydraulically Longest Watercourse (Lc) : \3 \ 600 ft.
. I
5. Length from center of Watershed Area(Lca) . along Lc: (o OO ft.
: 7

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

a. 8L (00O L’ L X10"  am: S0 al/m 432 X 10"

b. 8Ly: TLOO  (an)” 4 3ZIT X (DY mmy: 1O any/em, 4,271 085 Y
c. ALy: (AL3)3 pH_: ALg/AH3
7. I = ALii + ALgé + AL§§
BH BH, B =ﬁ_5_).13f1 +* 14.\A0 + = l‘-\-‘#)cll"]

8. Mean Slope(Sc)=(Lc/I)2= ( Q,QjS?;)2 = 0,00%% ft./ft.

Subarea 1 Subarea 2

9. Watershed Type (s) Weighted Watershed

(% of Total Area): Mad Urbass. (/0na%) ( ) Average
10. Basin Factor (nb) : . o C. ' n e D.0217
11. Imperviousness (%): Yo ¢, I, = Yo o/ °
12.  Runoff Coefficient(C ): 0."15 C, = 0.1

_ 0.3 0.4 _
13. Z-Factor (z2) = 0.444nbw (Lcha) /(Sccw) = Q_,\ A 4fubure)
14. **Time of Concentration (Tc) . determined from Table III: 332, minutes<{futured
15. At T_, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= Ll .(2  inches/hour
100 .

16. 100-year Flood Peak (Qp ) = C,ia= HD.IS x %(22 x 131 = 27127  cfstfuture}
17. For Other Return Periods: 2-Year 10-Year 25~-Year 50-Year

Ratio to 100-year Peak: 0. 20 o.Ys 0.65 0.35

Q (cubic feet/second): 5 ﬁ [227 /773 2318

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

Prepared by: Company: Date:

M.E. Zellev SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_(® C,ra,gc.ro(:‘\' Eoad
Project No. Station

Name of Stream &:gz d.a Wash

DESIGN DATA

Design Frequency 2 S [0O years
Drainage Area A acres
A 781 acres
Aj acres
Drainage Length /2. LOO feet
I4
Elevation
Top of Drainage Area 2L 10 feet
At Structure 25ShH feet
Drainage Area Slope O, %3 %o
Precipitation
P = 6-hour A//A inches
P = 24-hour ! inches
DESIGN COMPUTATIONS
Precipitation P| = 1-hour 1O 2.3 3,0 inches
Time of Concentration Tc ol minutes
Rainfall Intensity i NI 2.0 2. {g inches/hour
Runoff Coefficient C; 0.4 0.7 0.%
C, -
Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = 233 //02 ZZ’ZS'Zcfs
Computed by_ M, E, Ze,“g r §§! A ) Date
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City of Tucson 00
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

1. Project Name and Location: (Cepe &:: t,! L,Jg S\’\

2. Drainage Concentration Point: (Ovrac \e EOQA

3.. *Watershed Area(A) at Drainage Concentration Point: QSO acres.
4. Length of Hydraulically Longest Watercourse (Lc) : {O \ SO ft.

Length from center of Watershed Area(L ), along L_: S0"70 ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

— (o}
a. AL1=_£.L_‘:fQQ_ (oL, )} 2.51'4 X (0 BH i Q. L\Li/lsH1 3 812,000,000
( ,
b. {2[(9 (oL, )3 2.327Y X L0 AH: Ul AL;/AHz <. 590

3
c. AL3. (AL, ) BH: ALL/AH,
3 3 ]
7. 1= oy |, oy, ALg
: . YR ] = 62,125 +SEYSK + = {1 6R3
: AH A" AH T ) {
' 1 2 3
" 8. Mean Slope(s )=(L_/D)’= (0.0%4N)° = 0.00%| _ ft./ct.
l Subarea 1 Subarea 2
T 9. Watershed Type (s) Weighted Watershed
' (% of Total Area): Mod. Udhaw ({00 %) v ( ) Average
| ' 10. Basin Factor(nb): . low = O.0320
‘ 11. Imperviousness(%): uo?/, I, = Yo %
12.  Runoff Coefficient(C ): ons c, = 0.1
, PN 0.3 0.4 _
l 13. Z-Facter (z) = 0.444nbw(Lcha) /(Sch) = 21. 36 A fEubure)
. 14. **Time of Concentration(Tc) , determined from Table III: 2| .minutes {futurey)
l 1s. At T_, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= 4 "1l . inches/hour
| 100 .
l 16. 100-year Flood Peak (Qp ) = C iA= 0.1S x 4.1l x (SO = _229(, cfs(futuxe)
"~ 17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
5' Ratio to 100-year Peak: 0,20 O.U4<S 0,65 0,35

Q cubic feet/second): $4<9 /033 /492 /952

v« ___ _ _ - - T

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

Prepared by: Company: Date:

] e Zeller LA




PcFco METH-DD

HYDROLOGIC DATA SHEET

,Project Name and Location: Ce (\e_-\-e ;3 b\)orﬁ\/\

Bainage Concentration Point: (B) Oracle Boad

é?’!tel.‘shed Area (A): (o850 acre-s[eq-&a-se-nﬂ-es:
lc

ngth of Watercourse (Lo):_ [0, S0 ft. Length to Center of Gravity (L.,): S0'70 ft.

remental Change in Length (Ly) - ft. Incremental Change in Elevation (Hy) - ft.
L4400 22
(100 o

[
[

f!n Slope (S¢):_ O, QORI ft./ft. Watershed Type(s);_mmwa&_eﬁ;“&
B

sin Factor (np):. . Eutuze)- Flood Frequency:_ 2, S (OO _yxs.
l, (24 hour): : | ' in. Areal Value:_ in.
P, (6 hour): . 1n.. Areal Value: ' in.
| i(l hour): 40 2.3 3.0 1in. Areal Value: in.
3‘(2 hour): in. Areal Value: in.
Ef3‘(3 hour): in. ' Areal Value: in:
'1 Croup(s): KD 2%/ B{zoy@ D Cover Type(s): H:bn s Lawns
Cover Demsity (pervious areas): %o . Impervious Cover: O % {(futuze)

. : *
-..ls): %3 1. q‘i (pervious & impervious areas) CN (s):(g_’_] E,&.IIBIJZ: '.,Ig(,gx jz,eo;j;,gz;}ﬂs
7(curve number) (adjusted curve number)

;»loff to Rainfall Ratio(s),(C):(0g .q_ﬂ',,&)‘ 22 .Lg,n}(pewious areas),3q,.,95 .96 (impervious areas)

Runoff Supply Rate (q): .4Yl! 75 I [ i in./hr. (function of 1)

e of Concentration (T.): 14;(,0; 517 1-°4-h-r-9-¢/mins. (function of 1)

;"grati‘{e Solution of T.: 82 53 _72[ hre: /mins.
RaTnfall Intensity (1) at T.: .(0,77] ,3./02’ 51;,12,3 in./hr. Equation for T¢:

floff Supply Rate (q) at Tg¢: Q,3.2,32,|5 3,525 in./hr. Te = nh (Lnga)'3 q-'l‘ hours.
' 4

50
Peak Discharge: (S¢)
. . Note: For impervious areas, -
l1.008 qA (acres): 2‘() ’ I&gﬁ!gamecfs. CN* = 99 (constant).
645.33qA (square miles): cfs.




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_@ Ovacle VRoad
Project No. Station
Name of Stream_ (T e pretery Wash
)
DESIGN DATA
Design Frequency 2 25 |00 years
Drainage Area Ay acres
Ar LSO acres
A acres
Drainage Length /0 S GO feet
7
Elevation
Top of Drainage Area A4 feet
At Structure 23240 feet
Drainage Area Slope 0.93 %e
Precipitation
P = 6-our A//A inches
P = 24-hour 4 inches
DESIGN COMPUTATIONS
Precipitation P, = l-hour [P 2,3 3.0 inches
Time of Concentration Tc 57 minutes
Rainfall Intensity i /Q 2 ‘3 30 inches/hour
Runoff Coefficient C; ndd 0.7 O. g
Cz
Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = 200 [04] |50 cts

Computed by M .E, Zeller (%L.A\) Date

-36-




Cemetan Wash @ O racle

A-48.1/
Q-3/

N BN

AN AN

Z

: 4-370
Q- 237
Qe+ 526

oK

o

3

VAV S WY

.srl
QN
zma.w/ .
J o

A-663
Q-352

» Qe 706

(

{{

N VN N

N Z
4 <

A 213

RIYTIw FEF N

Z
g

-

e

L

T LOWE L

~

[ J7.7

LT,

e N\

’.
N OSS

8
)
’
D

7,




i
ll City of Tucson

’i Hydrologlc Data Sheet for Computing 100-Year Peak Discharge (Qp_o_

‘ ]l 1. Project Name and Location: (\L.olla Was\.

: 2. Drainage Concentration Point: G\-—msQ WOOA Q@M\

|l 3. *Watershed Area(A) at Drainage Concentration Point: ;_2'13 | acres.
; 4, Length of Hydraulically Longest Watercourse (Lc): | '.-l OO ft.
" 5. Length from center of Watershed Area(Lca) . along Lc: REOO ft.
ll 6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. an:_SI00 0 3265 x (0" s s [oo  ard/m 13265 X 107

| I' b. 8Ly 2500 (L) [, 5625 X 10 my: [L,0  s3/8H, 97,656, 250

3 3
l' ‘c. AL3. » (AL3) . AH3: AL3/AH3
: 3 i $ '
: 3 3 3
AL AL AL '
. I-= 1 + 2 + 3
AT s =3 42 + 9832 + = 46 03
AH AH AH 7
ll 1 2 3
) 2 2
8. Mean Slope(sc)=(Lc/I) = (01641 )" = _0.0269 ft./ft.
ll Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
|[ (% of Total Area):mad Uecbaw (44% ) _ RBural (S6%) Average (—F\d'ure)
10. Basin Factor (nb): 0.020. 0.034 n = Q. 028%
l‘ 11. Imperviousness (%): H40°%/o. 10%/o I, = 23,2 %
12, Runoff Coefficient(cw): 0.19s 0. (L5 Cu = 0. 4% o
_ 0.3 0.4 _ ,
13.  z-Factor(z) = 0.444n (L L ) /(Sccw) = 1O.4L0D (future)
14. **Time of Concentration(‘rc) , determined from Table III: \3 minutes (future) .
15. At T, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= n,21 inches/hour
100 .
16.  100-year Flood Peak (0~ ) = C iA=0.LG4% x 1.27 x Q13 = {371 cfs(future)
17. For Other Return Periods: 2-Year 10-Year . 25-Year 50-Year
Ratio to 100-year Peak: O!&l;\: 0,344 0.594 O,
Q ubic feet/second): Iag 543 A1 R 1093

— — — —— — — — — — — — — — — —— —— — — —-—

* 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.

!

Prepared by: Company: Date:

M E. Zelleyr _SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_ @ (Greasewood FEoad
Project No. Station

Name of Stream Cilm\!a Wagh

DESIGN DATA

Design Frequency 2 QS 0O years
Drainage Area Ay acres
A 273 acres
Aj acres
Drainage Length H12)s) feet
Elevation
Top of Drainage Area 2740 feet
At Structure 2A4%D feet
Drainage Area Slope 3. Qé?, %e
Precipitation
P = 6-hour A//A inches
P = 24-hour [ inches

DESIGN COMPUTATIONS

Precipitation 1?1 = l-hour

ZO 23 A inches

Time of Concentration Tc 23 minutes
Rainfall Intensity i /7 2% &.0 inches/hour
Runoff Coefficient C, 0,3 0.6 0.7

Cz

Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA =

152 622 25@ cfs

Computed by M £, _Z_g“ﬁx LSL&! Date

-36-
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: (:,,\UM}-)UQ M&S\r\

2. Drainage Concentration Point: Qrant Koad

l 3. *Watershed Area(A) at Drainage Concentration Point: ('—l (p acres.
_ 4. Length of Hydraulically Longest Watercourse (Lc) : 5120 ft.
l 5. Length from center of Watershed Area(Lca) . along L : KY=Yolo ft.
l 6. Change in Length Factors - ft. Change in Elevation Factors - ft.
- 3 - 3
a. ALz 440 (L) XS, 184 00O  #4;: ? oL /88, (0 (,48, 000
- 3 ( 3
l b. aL,: 5280 (sn,)"_|\4120 X |0 ‘ BHy: Y42  ALy/8H, 3 oY D (W3
" 3 3
l c. AL3. (AL3) . AH3. AL3/AH3
3 3 i ‘
‘ 7 I - ALi + AL; + AL§
: . T = 32¢3 +5920/ + = L2 Y448
AH AH AH -f—
l 1/ 2 3
8. Mean Slope(Sc)=(Lc/I)2= o) ()ggé )2 = 0,005% ft./ft.
l Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
l (% of Total Area): Mod chm:) ( IOO’/o) ( ) Average
10. Basin Factor (nb): 0.030 “low n = Q. 030
‘ l 11. Imperviousness (%): o o, . I, = 4LD¢/,
7 7 4
12. Runoff Coefficient (Cw) : 0975 C, = 0.75
; _ 0.3 0.4 _
' 13.  2-Factor(z) = 0.444n (L L_) "/(SC) " = [5G +Euture}
; 14. **Time of Concentration ('I‘c) , determined from Table III: 2_/ minutes{future,)
l 15. At Tc' 100-year Rainfall Intensity(i) = 12/(1+0.05TC)= 585_ inches/hour
| 100 . 112
l 16. 100-year Flood Peak (Qp ) = C ia= Q.78 x 585 x [T = cfs {fukure)
17. For Other Return Periods: 2-Year l0-Year 25-Year 50~-Year
;l Ratio to 100-year Peak: .20 0. %S— 0.6S 0.8

Q (cubic feet/second): /5Z7L 34’7 502, 65 _(_,Q

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

Prepared by: Company: Date:

J ME. Zeller SLA
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ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SH’EET
RATIONAL METHOD

LOCATION DATA

Highway

County

Location_@ Grant Road

Project No.

Station

Name of Stream__C lusalbus Wlash

DESIGN DATA

Design Frequency
Drainage Area
Drainage Length
Elevation

Top of Drainage Area

At Structure

Drainage Area Slope

Precipitation
P = 6-hour
P = 24-hour

DESIGN COMPUTATIONS

Precipitation P} = 1-hour
Time of Concentration
Rainfall Intensity

Runoff Coefficient

Weighted Runoff Coefficient

Peak Discharge Qp = CiA =

Computed by M. E, Zeller ‘SL.A)

A Qs (00 years

Al acres
Ay 17740 acres
A3 acres

5720 feet

24502 feet
O : 7! 7 7‘-‘
N /A inches
! inches
/0 2.3 3.0 inches
Tc 38 minutes

i [.Y .2 4 [ inches/hour
c, o4 0.1 0.3

C,
Cs
C
99 2394 577 cfs
‘Date_
-36-
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

Project Name and Location: ES?"Q (/(/as;)

- |
l 2.  Drainage Concentration Point: BOHQM?C{, AUQ.
o )
' ' 3. *Watershed Area(A) at Drainage. Concentration Point: // 7 g acres.
. 4. Length of Hydraulically Longest Watercourse(Lc):- ;zﬂ). L#CDC) . ft.
: . 7
:' 5. Length from center of Watershed Area(LCa) ; along Lc: Q(p 00 - £t
o 6. Change in Length Factors - ft. Change in Elevation Factors - ft.
' - 3 10 3 . 8
| a. 8Lz 4200 (L)) T.40¥G X0 aH iz foo  ani/aE, 1.4088 X 10
3 — i ,
l b. AL,: g 000 (AL,) 5.2 X IO AH,: /YO ALZ/AHZ 3,657,142 ,851
- c. 8ny: %200 L)’ 5,S137X\0 an: /30 sul/sn, 4, 241 292 30%
. 3 } I
| P LA I _
| . =L = 21.2\9 + LOUTY + 65125 = |S2 RI¥
- AH A" . |\AH 4 } C }
1 l 1 2 3
® 8. Mean siopes )=t /1= (0.[335)% = 0.0118 ft./zt.
II Subarea 1 Subarea 2
9. Watershed Type (s) - Weighted Watershed
| (¢ of Total Area): Mod. Urbad ( /2.5 %) _Suburban (80.5%) Average(future)
l 10. Basin Factor(nb): O.022, O.032 . 0.030
' 11. Imperviousness (%) : L}-QD/O poyo) 0'/0 Iw = I3 I‘? aéo
12.  Runoff Coefficient(C):__ 0.75 Q.70 c,=_0.710
f _ 0.3 0.4 _ '
l 13.  z-Factor(z) = 0.444n_ (L L_) ""/(s_C,) = 232,52 (future)
- 14. **Time of Concentration(Tc), determined from Table IIIX: EgE; minutes (future)
' 15. At T, 100-year Rainfall Intensity(i) = 12/(140.0S5T )= 4L 3(, inches/hour
: 100 X
' 16. 100-year Flood Peak (Qp ) =.Cw1A= 0.1l x % 3{2 X M‘ZZ = igé i’7 cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year . 50-Year
l Ratio to 100-year Peak: 0. /6 Q.4 0.6l 0.31
o . Q lubic feet/second): 4 /495 2AA S A95 &
I * A may not exceed 1,280 acres (2 square miles) in size.
* % Tc may not be less than five (5) minutes nor greater than sixty (60) minutes.
I Prepared by: Company: Date:

. M. E, Zeller SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County

Location @ {Rpnanza Ave.
Station

Project No.

Name of Stream Ecte ({r<h

DESIGN DATA

Design Frequency 2 QS [0O years
Drainage Area Ay acres
Az U ,78 acres
Aj » acres
Drainage Length 20 400 feet
T
Elevation
Top of Drainage Area 2980 feet
At Structure DL10 feet
Drainage Area Slope - , J, i/ %e
Precipitation
P = 6-hour A)/ﬂ inches
P = 24-hour ! inches
DESIGN COMPUTATIONS
Precipitation P, = 1-hour [i0 2.3 3,0 inches
Time of Concentration Tc ’7& , ~ minutes
Rainfall Intensity i 0.3 149 2. 5 inches/hour
Runoff Coefficient C; 032 0.6 0.7
Cz
C3
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = 23 3 !35[:3 Ql)g'zgcfs

Computed by_M, E . Zelley (\SLR) Date

-36-
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City of Tucson 00
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

1. Project Name and Location: F - e,nc\\j \)(\\%p Wach
2. Drainage Concenbration Point: \\u}t\‘ Q\ﬁo\,& [~ \LL'\—Q —E\VQ_\—
3. *Watershed Area(A) at Drainage Concentration Point: 162, acres.
4. Length of Hydraulically Longest Watercourse (L): l"'L' 0}0)@) ft.
5. Length from center of Watershed Area(L_)), along L : %"-IOO ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
a. ML 1500 (r)® 4,288 X 10" mm: 2jo s/ 2 00% 51
b. &L:_ G500 (AL, )2 . <13 X 10" bH,: D OO AL3/AH 2 S 000
c. OL.: (oL, ) AH s AL /A'-I
' o - 821 +6S Y44+ = 110,295
8.  Mean Slope(s )=(L_ /1)2= (0. 1S Y1 ) = 0.0 ft./ft.
: Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): Suburbap (-IO_O°/°) ( ) Average
10. Basin Factor(nb): (@) Qg 2 nbw= () 022
11. Imperviousness (%): O i/o I, = 20 %
12. Runoff Coefficient (Cw): 0.0 C, = 0."70
13. Z-Factor(z) = 0.444:1bw (Lcha)0’3/ (Sch)0'4 = 20.65 (future)
14. **Time of Concentration(‘rc) , determined from Table III: 30 minutes (future)
1s. At T, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= %80 inches/hour
16. 100-year Flood Peak (Q;OO) = CwiA= 0."10 x éé R x ‘dez, = 25;20 cfs (future)
17. For Other Return Periods: 2~-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: ), /g O, 4/0 O. (40 Q, SQ

- Q (cubic feet/second): 3%'4‘ [QZ‘% / 53(0 2 O_,LL_B

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

l * % '1‘c may not be less than five (5) minutes nor greater than sixty (60) minutes.

Prep ared by: Company: Date:

l M. E, Zeller ‘ SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_\, g% gbove W 4o Buer
Project No. Station

Name of Stream E;:semﬂ!g! U.!!zgg wosh

DESIGN DATA

Design Frequency 2 25  [pO years
Drainage Area Al acres
A N acres
A3 ’ acres
Drainage Length 177. OOO feet
7
Elevation
Top of Drainage Area 2130 feet
At Structure 2320 feet
Drainage Area Slope : . U] %
Precipitation
P = 6-hour A}/A inches
P = 24-hour ’ inches

DESIGN COMPUTATIONS

Precipitation P = l-hour ' [,O0O 2.3 3.0 inches
Time of Concentration Tc 59 minutes
Rainfall Intensity i /0 2.3 3 0 inches/hour
Runoff Coefficient G, 2.204 0 "7

Cz

Cs
Weighted Runoff Coefficient C
Peak Discharge Qp = CiA = [52, [052 [L00 cfs

Computed by M.E. Zelley ‘;LE) Date

-36-
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: H‘?‘J\A SQ\/\‘OOl \A)O.S\/\

2. Drainage Concentration Point: Lecr L. e
3. *Watershed Area(A) at Drainage Concentration Point: 5'7 (.o acres.
4. Length of Hydraulically Longest Watercourse (Lc)- : E\DO ft.
5. Length from center of Watershed hrea(L_ ), along L : YL 200 ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. oL: 3700 v’ 56319 X10"° w50 s/ 136 380,000
b. 6Ly 2200 (n)> 10648 X (07 s 20  sLl/m, S32.400,000

: 3 Q 3
c. AL,:_ Q000  (AL,) PR S ®) tHy: (O AL /0, Soo)ooo)ooo
3 3 3
| 7. 1= ALi + ALS + ALg
. = 3% wiy + 23 oMY + 28 AT = BS 302
AHl AHZ AH3 ¥ y )
2 2
8. Mean Slope(s_)=(L_/I)"= (0, 0Q94%4)" = _0O, OO%Q ft./ft. -
‘ Subarea 1 Subarea 2
9. Watershed Type (s) , Weighted Watershed
(% of Total Area):Mod. Urhan (100%) ( ) Average
10. Basin Factor (nb) : O Flo . T_',c,l nbw= o, 030
11. Imperviousness (%): 22.8 /o , I, = 23.8°%/0o
12. Runoff Coefficient (Cw): 0.122 C, = 0.2
_ 0.3 0.4 _ _
13.  z-Factor(z) = 0.444n_ (L L_)"""/(S_C) = [R. DR ~tfuture)-
14. **Time of Concentration (Tc) , determined from Table III: 25 - minutes{£futuze).
15. At T_, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= 4.3  inches/hour
100 .

l6. 100-year Flood Peak (Qp ) = CwJ.A= 0.1 x 5 33 X 5'“2 = g ;2 {‘Z cfsffubuxe)
17. For Other Return Periods: 2~Year 10-Year 25~Year 50-Year

Ratio to 100-year Peak: O, [']Q 0.422 Q.gggg Q,Zgg
Q (cubic feet/second): \3&| EZ 3§é [ 3 lf[ z 82;

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

Prepared by: Company: Date:

| MLE. Zeller _ SLA




PC F’CD (V\ETHO;D /é'f—e&ub@/f‘? /"—782>

HYDROLOGIC DATA SHEET

Project Name and Location: J:—\ \3\'/; Scl,\bo\ \,L)a S\/\

ainage Conceng;a;éos Point: \,‘ « N S U\-Q.)
tershed Area (A):___S7(p ~ acres/oqsuo-r&‘o— 474 3>
ength of Wa:ercourse (I.c)5> ? IOO ft. Length to Center of Gravity (L ,): Lp(-,;ZQO ft.
cremental Change in Length (L¢) - ft. Incremental Change in Elevation (Hy) - ft.
N 3700 SO
| 2200 20
OO - [ O

' 59997/ | CAe ,
'an Slope (S¢): OO 3F - fr./ft. Watershed Type(s) :MMM

//0> ey T.C,

Basin Factor (ap):.Q30D (g_ ,gow {—f-&me—) Flood Frequency: 2 Qg7 OO _yrs.
I(, (24 hour): in. Areal Value:_ in.
(6 hour): in. Areal Value: in.
i (L hour): /o0 2.3 3.0 1in. Areal Value: in.
(2 hour): » in. Areal Value: in.
P3 (3 hour): ia. : Areal Value: in.
-3'11. Group(s): g0%/o 1B 20% D Cover Type(s):____ Wrbgn Law s
v ~7 N )
Cover Densicy (pervious areas): Poo —: Impervious Cover: JY¥. 3 Lb LEturg)m
I(s) ?3 T/ T9 . (pervious & impervious areas) cx® (s); /87,12 €097¢(3;
'(curve number) (adJusted curve number)

-Inoff to Rainfall Ratio(s), (C)-t.OS',,ﬂ ,60}(,22—,68 jzrpervious areas) 37 9¢ ,,j@(impervious areas)
Punoff Supply Rate (q):_32 s 64 .73 1 in./hr. (function of 1)
.lme of Concentration (T ) Z 52 iﬁ -h-r-s‘/mins. (function of 1)

rative Solution of T.:_ " | 3] . 25’ -hes+ /mins.

Rainfall Intensity (1) at T.: 355 ;_3,55, S., LQ in./hr. Equation for Te:
5'noff Supply Rate (q) at Tq: 2721 ’;2 2] 3,5% in./hr. Te = P.b. (LQLSQ)‘S q-’l' hours.
' A

50
Peak Discharge: (so)

' . Note: For impervious areas,
8 1.008 qA (acres) J‘ﬂfﬁ“-—*-—% 2230k s. CN* = 99 (constant).

' 645.33qA (square miles): cfs.




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION '

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_ @) (Clerru Auve. (Gaae Ste)
Project No. J ’ Station

Name of Stream Hm{k Sclbisol Wa sl

DESIGN DATA

Design Frequency A A5 [0Q years
Drainage Area ‘ Ay acres
A> 57 acres
A, acres

feet

Drainage Length

Elevation

Top of Drainage Area 2A5ND0 feet

At Structure A4 0D feet
Drainage Area Slope 0,99 %
Precipitation

P = 6-hour inches

P = 24-hour : v inches

DESIGN COMPUTA TIONS

Precipitation P, = l-hour /O 2.3 3,0 inches
Time of Concentration Tc 4‘7 minutes
Rainfall Intensity i [ 2 2.1 23.{ inches/hour
Runoff Coefficient C 0.3 06 0.1 '

Cz

Cs
Weighted Runoff Coefficient C
Peak Discharge Qp = CiA = A0 933 (452 cfs

Computed by (M. E, Ze\\er_(?i‘-—‘\l Date
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City of Tucson 00
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

1. Project Name and Location: MGLV\GLV\Q, Geande. \)\S+Q (_,Ja,s\/\

2. Drainage Concentration Point: 0 A S’\‘T‘&Qt

3. *Watershed Area(A) at Drainage Concentration Point: [o]n% acres.
4. Length of Hydraulically 'Longest Watercourse (Lc)-: . LP?OQ ft.
5. Length from center of Watershed Area(Lca) ., along Lc: \C\ OO ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

\O
a. 6Lz 2200 (L)’ [LOGUR A\O mw:_ 25 ani/em 42S G20 000
112
b. AL,:_2(0Q (AL2)3 LAST6 X 10

3
M,z 3O AL/MM, SES RbL, (6T
3 3
c. AL3. (AL3) AH3: AL3/AH3
' a3 : a3 a3 |
7. I= 1 + 2 + 3 -
e A = 20,038 + 24, 208 + - Y4 843
AH AH AH 7
1 2 3
8. Mean Slope(Sc)=(Lc/I)2= ( O. lO"\O)2 = 0.0\\S ft./ft.
Subarea 1 ' : Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area):Mpd. Urban (0O % ) ¢ L) . Average
10. Basin Factor (nb): 0.030 (street ;f(om) - n—Q. O30
11. Imperviousness (%) : L'[O"/D Iw = o9/,
12.  Runoff Coefficient(C ): 0,15 C, = 0.1
_ 0.3 0.4 _
13.  z-Factor(z) = 0.444n (L L )" "/(SC ) = /0.9 : {Euture)-
14. **Time of Concentration (Tc) , determined from Table III: /3 minutes{futurey
15. At T, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= 7.27 inches/hour
100 .
16. 100-year Flood Peak (Qp ) = cia= N.11S x .27 x |oY = 5§2 Z cfs {Eukure)
17. For Other Return Periods: 2-Year 10-Year 25-Year S50-Year
Ratio to 100-year Peak: 0.0 0, 4s 0. (LS - 0.,8S

0 (cubic feet/second): Z [3 2.5.‘5 _3_(27__ _%842;

* 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.

Prepared by: Company: Date:

§| M.E. Zeller S LA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location (@ 29 th Street
Project No. Station
Name of Stream__Mawaunag Grande \istn (rlash
DESIGN DATA
Design Frequency 2 2SS DO years
Drainage Area Ay acres
Az /ﬁ/_,é acres
: Aq . acres
Drainage Length L2000 feet
Elevation
Top of Drainage Area 2730 feet
At Structure RS feet
Drainage Area Slope /. /5 %
Precipitation
P = 6-hour N/ A inches
P = 24-hour /- inches
DESIGN COMPUTATIONS
Precipitation P| = 1-hour L0 2. 2 3.0 inches
Time of Concentration Tc <20 minutes
Rainfall Intensity i [.6G 3.7 48 inches/hour
Runoff Coefficient C; 04 o011 0.%
C2
Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = é‘l ) (A l_-«EzO cfs
Computed by M ,E, Zg! lgr_ ( §LR } Date

-36-
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City of Tucson 00
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

1. Project Name and Location: M\AWQ.\A \}Jo.s\/\
3

2. - Drainage Concentration Point: Soee‘dmau B\\]d
\ =

3. *Watershed Area(dA) at Drainage Concentration Point: GSG acres.

4. Length of Hydraulically Longest Watercourse (Lc): QO (pO ft.

5. Length from center of Watershed Area(Lca) , along Lc: ' L}-‘-J—OO ft.

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

a b: 2900 () QMW KI0°  es: 33 mi/an L) GIS 790

AL,: 300 (AL2)3 00,000 HH,: 2 AL§/AH2 A5¢ PooO . OO0
c. AL,: 5360 (AL3)3 .S399 X JO“ AH: 4o ALg/AHB 2 3ﬁ 66 . 400

v

) 1 %
3 3 3
L
7.o1=[2) e (T2} e (TR0 o5s v 6,000 42 D4 = [p=, 2RO
AHl AH2 AH3 &é_’_____Lk
- 2 2
8. Mean Slope(sc)=(Lc/I) = (Q,Qg'ug) = () 00 Z'Z ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(¢ of Total Area):M,od Urhan ((00%5) ( ) Average
10. Basin Factor (nb) : 0.030 (S't F(ow) nbw= ONOI{®)
11. Imperviousness (%) : L}—o °/o I, = 4O 0/0
12. Runoff Coefficient(C): _ O.1&5 c,=_0.15
_ 0.3 0.4 _ '
13.  z-Factor(z) = 0.444n_ (L L_)%"3/(s c )% = [2.9¢ _tEuture)
: 14. **Time of Concentration (Tc) , determined from Table III: 28 minutes {future)
l 15. At T _, 100-year Rainfall Intensity(i) = 12/(l+0.05'1‘c)= S,OO inches/hour
: 100 .
,; 16. 100-year Flood Peak (Qp ) = C iA= 0,'15 x 5,00 x (56 = 2 ’—HQO cfs{future)
) 17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
I Ratio to 100-year Peak: O.20 O, ¢S 0.6S 0. S

Q (cubic feet/second): Y72, //O 7 —Zﬁj— __Q‘Q_iL

* 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.

Prepared by: Company: v Date:

| _mE Zeiler SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County

Location @ Spg roau Rliud,
- _ Station

Project No.
Name of Stream_ M diva Wlash
~J

DESIGN DATA

Design Frequency 2 2S [DO_Years
Drainage Area Ay acres
Ay GS G acres
As acres
Drainage Length 9000 feet
Elevation
Top of Drainage Area ASE R feet
At Structure AYRE feet
Drainage Area Slope 0O.%% %
Precipitation .
P = 6-hour N/A inches
P = 24-hour / inches
DESIGN COMPUTATIONS
Precipitation P; = 1-hour 1O 2.3 3,0 inches
Time of Concentration Tc 5 minutes
Rainfall Intensity i [ 2 5 2.2 inches/hour
Runoff Coefficient , c, 0.4 017 0%
C2
Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = 299 /148 /(RO cfs

Computed by_ M .F, Ze Hct ‘;Sl B, Date

~-36-
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City of Tucson

Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q 0

1. Project Name and Location: Nauya 1o Wla.sh
-

2. Drainage Concentration Point:_Mountain Aue @ Hedrele Deue

W
.

*Watershed Area(A) at Drainage Concentration Point: qu acres.

: 4. . Length of Hydraulically Longest Watercourse (Lc)- : lo;'l YO ft.

l 5. Length from center of Watershed Area(Lca) , along Lc: 53770 ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. a:_ (OO (r)> 2. 815 x 0" s Y& ol L 3%8,900,000
b, 44O )’ 0.098R X 100 wny: S0 euy/em, | 207,106, (43

c. AL3: (AL ) AH_: AL /A‘i

v

3
7. I = 1 + 3 _

'A'I;l— ‘—) flﬂrﬂ,SQ ;33,536*’ = /IS S26
8. Mean Slope(Sc)=(Lc/I) = (0,0‘7,30) = 0,008 ft./ft.

Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed

(% of Total Area): M&,—_bqg ([00°/0) ( ) Average
10. Basin Factor(nb) :_0.021 (Bt 'I,Q.) = 0.0

- e am Ew

11. Imperviousness (%) : 1-/’0 °/ 0 Iw = 40 ‘/0
12.  Runoff Coefficient(C ): 0.75 C, = 0.1S
j' 13. Z-Facter (2) = 0.444nbw(Lcha)O’3/(SCCW)0'4 = /7. 20 {Eubuxe)
: 14. **Time of Concentration (Tc) , determined from Table III: 21'7 minutes<{future)
n 15.  at T_, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= s.11 inches/hour
:. 16. 100-year Flood Peak (Q;OO) = CwiA= 0.1 x 5,11 x 97 = 20611 cfs{fubure}
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year '
' Ratio to 100-year Peak: 0.0 0.5 0,0S 0.8

Q (cubic feet/second): S 5‘_-& [202 36 _AA10

¢
‘

, * 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.

Prepared by: Company: Date:

J _MmE Zeller QLA




‘ ARIZONA HIGHWAY DEPARTMENT
: I BRIDGE DIVISION
» HYDROLOGIC DESIGN DATA SHEET.
l RATIONAL METHOD
. LOCATION DATA
Q Highway County
Location_ Moputoun Pue. @ Hedriclc Derwe
!g Project No. Station
: Name of Stream N\l -uain (x). <l
=
l DESIGN DATA
Design Frequency il 2< |OO vyears
l Drainage Area A acres
Ao (921 acres
_ Aj acres
l Drainage Length L0 TLO feet
. J
_ Elevation
ﬂ. Top of Drainage Area 2472 feet
At Structure 2371 feet
' Drainage Area Slope 0.9 %
Precipitation
' P = 6-hour : /(//A inches
' P = 24-hour 4 inches
' DESIGN COMPUTATIONS
i Precipitation P, = l-hour [0 2,3 3,0 inches
| | Time of Concentration Tc (o) minutes
‘ Rainfall Intensity i 4O 2.3 3.0 inches/hour
- Runoff Coefficient c; 0,4 o1 03
I Cz '
Cs
m Weighted Runoff Coefficient C
B Peak Discharge Qp = CiA = 214 1HR2 (13 cfs
l Computed by M, €, Zel\\ ey (‘%LP\) Date
-36-
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¥' City of Tucson 100
» ‘ Hydrologic Data Sheet for Computing 100-Year Peak Discharge (O )
i ‘w 1. Project Name ‘and Location: 'PHMD\V'\Q Waala
-4 \ -~ o
_ 2. Drainage Concentration Point: E;-\—Q_ ?50A |
I 3. *Watershed Area(A) at Drainage Concentration Point: 544 acres.
: 4. Length of Hydraulically Longest Watercourse (Lc): // QOO ft.
) J
“l 5. Length from center of Watershed Area(Lca) , along Lc: #XOO ft.
' 6. Change in Length Factors - ft. Change in Elevation Factors - ft.
3 " 3 ]
| a. AL:_TJO0O_ (L)) 3.43Y (0 — MM :_ /OO AL/tH) R 43 X O
' b. aL,: 4600 (AL2)3 G N33 X0 m,: 4O AL;/AHZ 2,433,400 000
3 3
l C. AL,: (AL3) AH3: AL3/AH3
3 3 '
3 3 3
AL AL AL
- 7. I= 1 + 2 + 3 — :
- + 49 330+ = 101, %96
AH A" AH T {
' 1 2 3 -
‘ 2 2
A 8. Mean Slope(sc)=(Lc/I) = (0.1015)° = 0O,0l\(, ft./ft.
l Subarea 1 Subarea 2
© 9. Watershed Type (s) Weighted Watershed
l (% of Total Area): NQ&M ral (100%) ( ) Average
~ 10. Basin Factor (nb) : O,0% n s O.0385
' 11. Imperviousness (%) : O %o Iw = O %
12, Runoff Coefficient (Cw): 0.60 c, = O.CO
2 .3 0.4 _
' 13. Z-Factor (2) = 0'444nbw(Lcha /(Sccw) = 9793 .88 4LEuture)
‘g 14- **Time of Concentration (Tc) . determined from Table III: 3(, minutes {fubure)
l 1s. At Tc, 100-year Rainfall Intensity(i) = 12/ (l+0.05Tc)= 4 29 inches/hour
dm 100, _ .. /4
i 16. 100-year Flood Peak (Qp = CwlA— Q.60 x % 23 X S'fﬁ_% = OO cfs{futurel)
17. For Other Return Periods: 2~-Year 10-Year 25-Year 50-Year
I Ratio to 100-year Peak: 0.0S 0,30 0.50 0.170 /
l Q (cubic feet/second): 70 Y20 100 930
. * A may not exceed 1,280 acres (2 square miles) in size.
*x Tc may not be less than five (5) minutes nor greater than sixty (60) minutes.
Prepared by: Company: Date:
§ Me.Zeller SLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Peak Discharge Qp = CiA = stl (53 /D] cfs

Computed by M, E, Zelle (gt_ﬁ; Date

-36-

l Highway County
Location_@ B, 4g. Foad

I Project No. Station
: Name of Stream Faoovwa \le sia
' DESIGN DATA

. Design Frequency 2 2S |DOo years
I Drainage Area Ay acres

/ Ar <ULl acres
o Ag acres
l Drainage Length /!, LoO feet

) Elevation
- Top of Drainage Area 307 feet
' At Structure 29, feet
‘ Drainage Area Slope /. 21 %

' Precipitation
j' P = 6-hour N /A inches

P = 24-hour ! inches

' DESIGN COMPUTATIONS
, Precipitation P; = l-hour /0 2.3 3.0 inches
' Time of Concentration Tc R minutes
:i Rainfall Intensity i /O 2.4 < | inches/hour
’ Runoff Coefficient C, O.! 0.5 0.6
l C2
_ Cs
l Weighted Runoff Coefficient C

i
-



sh

a

n

. - HOYGHTON
Ss. © INTERCMANGE °)
.\
- .

o .r(.},,.

NOLHONOH 1,

A ez

. ,
J Py I R T NN RN ST Y
~d [ - aohesqv (\3‘.
: N .
) ’
, ; .

R, W o

)

- 'MFS

{

I 1( \ N

fng Ve

¢ L™ i
¢ 7

4
H
~5
v
R
AN
?
- .
N 1
NI S
et 1}
R
= .
g




City of Tucson , 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: PQ\\ \"/)Or_'& \I\)GSL‘\

2. Drainage Concenbration Point: L\US-\— QED\)Q_ CL\equ AUQ_.
J

3. *Watershed Area(A) at Drainage Concentration Point: ' 2\, ' acres.

4. Length of Hydraulically Longest Watercourse (Lc): [ Yele) ft.
‘ )

5. Length from center of Watershed Area(Lca) , along LC: 1 | OO ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
"
a. OL;: G000 (AL1)33.2?SJ X \0 fH, : ¢O ALi/AHl g’ q_']g-l_ zs’o)ooo
3 o 3
bLy: R3O0 (AL 3. 8937 X {0 MH,: QO AL /MM, jj‘]ﬂ(biYsojOOO
. 10
c. B 4300 (> ASOTX (O aH: RY and/en; 2 3R U4 116

3 3 3 '
), (2, e |
BH, BH, S N3594 + 42287 +4F 351 = l(oLF’ 140

8. Mean Slope (Sc)=(Lc/I)2= (O, O%%O)z = 00,0077 ft./ft.

Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed

(3 of Total Area): }OQJW“-Q_\ ( 43%) _Hn_.%_._u_:ba_g ( 5]’[2) Average

T

‘ 10. Basin Factor (nb) : 0.035 0. 022 n s 0. 030
' 11. Imperviousness (%) : 0% "o %, I, = <o %/
i 12.  Runoff Coefficient(C ): 0,60 0. RE c, = Q.15
@ 13.  z-Factor(z) = o.444nbw(1.CLca)°’3/(sccw)°‘4 - 26.53 ' +future)
i 14. **Time of Concentration (Tc) , determined from Table III: 44-2, . minutes{fusuxel)-
1s. At Tc' 100-year Rainfall Intensity (i) = 12/ (1+0.05Tc)= 3,97 inches/hour
I 16. 100-year Flood Peak (Q:;OO) = CwiA= 0.175 x 3.7 x (Al = 35 30 cfs{future)-
~17.  For Other Return Periods: 2-Year 10-Year 25-Year 50-Year.
l Ratio to 100-year Peak: 0,20 0.48 0.5 0O.85
' Q (cubic feet/second): T0( /S RG 2295 R00O0

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

Prepared by: Company: : Date:

M E. Zeller QLA




1 : ocFCD METHo;D

' ' HYDROLOGIC DATA SHEET

ject Name and Location: /'Pal \ voad \A.)as\,\

;urainage Concentration Point: Ausk aboue_ C,\,usrr\i_\, A\)(.V\\AQ_,

; 'ershed Area (A): ‘ 2L\ acres/square-miles+

:L;ength of Watercourse (Lc):_[Y SOQO ft. Length to Center of Gravity (Lca): 7100 fc.
X l'-Lem‘ental Change in Length (L4) - ft. Incremental Change in Elevation (Hy) -~ ft.
| L300 | a2
! | 2200 A0

l LR00 » | L

‘n Slope (So):__ (0. 0077 ft./ft. Watershed Type(s) :MM@W

Basin Factor (By):  O. O30 {Euture) Flood Frequency: "2 2.5 JOEO  yrs.

‘ (24 hour): A ' in; Areal Value:_ in.
(6 hour): in.. Areal Value: in.

.':]_ (Lhour): LO 2,3 B o 1in. Areal Value: in.

’.(2 hour) : in. Areal Value: in.

i’ (3 hour): in. Areal Value: in.

%Jilicroup(s): BOYp S, 209 D _ Cover Type(s): Uebav Lawng

Cler Density (pervious areas): 'P@ o | Imparvious Cover: _l/—Of[o £futuze)-

: . * .
Rs): R2.91 . 949 (pervious & impervious areas) CN (s) {u(gsc,nm.z;;kz,ae',n.co,qz63;)‘7‘/‘
. (curve number) ' (adjusted curvé number)

] 'off to Rainfall Ratio(s),(C) :(.05‘,1’) ,go}(ggnés’ .zz}pervious areas),37 .95 ,9( (impervious areas)

off Supply Rate (q): , 6‘/7 ,69;/ .76 1 in./hr. (function of 1)

iime of Concentration (T.): g/ % 7/ 1 * “hesv/mins. (function of i)
7 7

'élrative Solution of T.: f/Q, .S/, 42 hees /mins.

Ral_éLnfall Intensity (1) at T.: ‘S'ZS 2,5:2 ’ 3,32= in./hr. Equation for T.:

: . ’ . . 03 ".4

I foff Supply Rate (q) at T¢:, 25 [L77,.2.90 in./hr. Tc = np (Lclea)'™ q hours.
4

50

Pt Discharge: (Sc)
g | .008 qA (acres): 30{ amo Eﬁcfs. . Note: For impervious areas,

CN* = 99 (comstant).

__"645.33qA (square miles): cfs.




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET

l RATIONAL METHOD
a LOCATION DATA
: Highway ' County
Location_JYyst above Clheveu Pue.
. ! Project No. — Station
‘ Name of Stream_ 45 \road Wasla
l DESIGN DATA
_ Design Frequency 2 QA [0O years
l Drainage Area Ay acres
' A 12\G acres
. v A, acres
' Drainage Length \&4 . €00 feet
’ Elevation
' Top of Drainage Area 2540 feet
At Structure 24206 feet
l Drainage Area Slope - 0.79 %
| Precipitation
l P = 6-hour N/A inches
‘ P = 24-hour ! ' inches
' DESIGN COMPUTATIONS
' Precipitation P| = l-hour [0 2.3 3.0 inches
Time of Concentration Tc 20 minutes
l Rainfall Intensity i 0.9 [l.¥Y 2.4 inches/hour
Runoff Coefficient ¢, 0.4 01 0.9
l Cz
C3
' Weighted Runoff Coefficient C
- Peak Discharge Qp = CiA = i33<1 1532 Zzsgcfs
1 Computed by__ M E, Zeller (SLA) Date
l -36-

R S RN



NOTE: WATERSHED CONTAINS
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

- 1. Project Name and Location: ]?o ltjlt) Ldasla
2. Drainage Concenbration Point:__g?gpéwmq Ruud,
>

*Watershed Area(A) at Drainage Concentration Point: lSSO acres.

W
.

4. Length of Hydraulically Longest Watercourse (Lc): 23 ‘KOO ft.
' 7

5. Length from center of Watershed hrea(L_ ), along L_: l@ 18]e) ft.
: 7

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

o
a. AL : |2 300 (L) 2.09n2 X 10" aHO: [1O snl/on; 19065 X 0

pr,:_ (1,000 (6L | 310 X (0'% any: IR0 ary/em, 1,394 Y44 gy

-l am S e
o
:

3 3
C. AL3. (AL3) AH3. ALB/AH3
3 3 3 : . '

7. I = ol |, A ALg -
| : | = 12380 + S AL + = 224 067
: AH AH AH y 5
. 1 2 3

2 2 |

8. Mean Slope(sc)=(Lc/I) = (o,!oggg ) = 0O QH3 ft./ft. |

. Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area):Mod, Udbaw (100%) ( ) average (futyre)

' 10. Basin Factor(nb) : 0.0 1) C. N 0.025
l 11. Imperviousness (%): 409/ o I, = w0 %o

12.  Runoff Coefficient(C ): o.1¢< c, = O.NS
_. _ - 0.3 0.4 _
l 13.  z-Factor(z) = 0.444n_ (L L )" "/(S C ) 25.32. (future)
e 14. **Time of Concentration (Tc) , determined from Table III: lj-o minutes (future)
. 15. At T_, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= H 00 _inches/hour
l 16. 100-year Flood Peak (QI];OO) = CwiA= 0.1S x4%00 x (330 = 3330 cfs (future)

17. For Other Return Periods: 2-Year 10-Year - 25-Year 50-Year
. Ratio to 100-year Peak: Q.20 0. 4< O.6bS 6,85
l Q cubic feet/second): 799 1796 2594 2293

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

Prepared by: Company: Date:

l M E., Zeller SLA




: ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

County _

Highway
Location_@ Saseedwoan Blud,
Project No. ! - Station

Name of Stream__ [Kobb | Jas

DESIGN DATA

Design Frequency 2 X~ 100 years
Drainage Area Ay acres

Ay /=30 acres

A3 ' acres

Drainage Length 23, ROO feet

Elevation

Top of Drainage Area 2ART0 feet
At Structure I5RD feet

Drainage Area Slope : /.22 Te

Precipitation

' P = 6-hour /1//[] inches
: 7

P = 24-hour inches

DESIGN COMPUTATIONS
Precipitation P1 = l-hour Zl 2 2 . 3 g O inches

Time of Concentration Tc /00 minutes

Rainfall Intensity i 0.7 /,5 ZO inches/hour

Runoff Coefficient ¢, o4 0.7 0.9%

Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = 312 [2391] 2123 cfs
Computed by_ M E , Zﬁ”ﬁt {5[ B ) Date
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge ,(Qp ) .

Project Name and Location: RD\\ e Wl wa_S\/\
)

[ .
.

2. Drainage Concenvration Point: L\Q\-\—\go \) Qoo._é

3. *Watershed Area(A) at Drainage Concentration Point: 2 acres.

4. Length of Hydraulically Longest Watercourse (Lc) : \ 800 ft.

5. Length from center of Watershed Area(Lca) , along Lc: vi®ee) ft.

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

a. AL,: 900 (ALl)3 726:00%000 BH, : /S ALi/AHl %?;C"-OO,‘OOO
3
b. 8Ly:_ 900 (AL,)"_129,000 00O nH,: & AL;/AHZ 210, AR, S ]

3 3
c. AL_: (AL3) AH3: AL.?'/AH3
3 3 3
3 3 3
AL AL AL
7. I=["11 + 2| + 3| _ _ _ —— —
] | ] T-$27L +4sed - 11,538

8. Mean Slope (Sc)=(Lc/I)2= (D.1560 )2 = Q_.Qgé[—_q; ft./ft.

w

Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(¢ of Total Area): Suburbkarny ((00°/s ) ( ) Average
10.  Basin Factor(n,): 0,032 ’ n s 0.0
l 11. Imperviousness (%): QOO/, I, = Q0%
: K4
12.  Runoff Coefficient(C ): 0.10 c, = 0.0
} _ 0.3 0.4 _
l 13.  Z-Factor(2) = 0.444n (L L_)"""/(s C)) = 5. 2% tEuture)
' 14. **Time of Concentration (Tc) . determined from Table III: (p minutes {future)
" 1s. At Tc’ 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= 9, 2_3 inches/hour
: 100 .
' 16. 100-year Flood Peak (Qp ) = C, 3= 0.70 x 2,93 x 3| = 200 cfs {futuxed
17. For Other Return Periods: 2~-Year 10-Year 25-Year 50~-Year
l Ratio to 100-year Peak: O.15 O, YO 0. L0 0. 50
Q (cubic feet/second): 20 <O |20 /GO

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

Prepared by: Company: Date:

I _ME Zellee U




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROILOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_ (@ Hareigon oad
Project No. Station

Name of Stream a“‘ﬂ% H s “!QS!’\

DESIGN DATA

Design Frequency 2 2AS 100 years
Drainage Area A acres
Ay 3/ acres
' Ag acres
Drainage Length JBOD feet
Elevation
Top of Drainage Area ARAS feet
At Structure 21715 feet
Drainage Area Slope 2,,’]3 %
Precipitation
P = 6-hour N/ A inches
P = 24-hour / inches

DESIGN COMPUTATIONS

Precipitation P1 = l-hour /,0 2_3 30 inches
Time of Concentration Tc /0 minutes
Rainfall Intensity i 2.1 {,l 9.0 inches/hour
Runoff Coefficient c, 0.2 0.6 0.7

C2

Cs
Weighted Runoff Coefficient C.
Peak Discharge Qp = CiA = 17 [/ [T cts

Computed by M, E, Ze ng <§] B, Date
-36-
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: ool \\ Weasls

2. Drainage Concentbration Point: Gt'a_\/\'sr EQ(-LA

3. *Watershed Area(A) at Drainage Concentration Point: \OLLS acres.
4. Length of Hydraulically Longest Watercourse (Lc) : JS’T‘U‘—OO ft.
S. Length from center of Watershed Area(L_.), along L_: \'3,' (olole] ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. an: 33200 o)’ 55130 x 10" aw: RS ad/en 6 486,632 353
b. AL,: 9200 (AL2)3 7.1364 X IO“ ' OH,: 20 ALg/AHZ 9.133 (2005 ooo .
c. 8L,:_BDOO (AL3)3 $,120 % 10" s 68 Ang/m3 1,525 $1L,06S

3 : AL3 ! AL3 ! |
7. I = 1l + 2 + 3
At | = \*'0 + S + = '—\‘
AHl AHZ AH3 —m-rs— ﬂrb—ﬁ— —%-(Lr:l:(-z'— —la’-s-)ﬁ-————
2 2
8. Mean Slope(s )=(L_/I)"= (O,0955)" = _0.009[ ft./ft.
_ Subarea 1 Subarea 2

9. Watershed Type (s) Weighted Watershed

(% of Total Area): Mpd. Udkup ( [00%) ( ) Average
10. Basin Factor(nb): 0.024 (Some St.¥\gp) n = 0.02Y4
11. Imperviousness(%): 2Lo /s I, = Lo %o
12.  Runoff Coefficient(C,): 0.1S c, = 0,75

- 0.3 4,04 _
13.  z-Factor(z) = 0.444n (L L_ )" "/(S_C.) = 2ARX. 10 4Euture) .
14. **Time of Concentration (Tc) , Getermined from Table III: 45 minutes {fubure)
1s. At T, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= 3 i inches/hour
100 . -

l6. 100-year Flood Peak (Qp ) = Cw1A= 0.8 x 3§29 X 42555 = ;2895;2, cfs{futuxe)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: Q.20 0. ¢S o.6S O.88

Q lcubic feet/second): 578 /30 / /88 0 _2’2».9_‘58_

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

Prepared by: Company: Date:

l M.E. ZeUler | _QLh




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION -

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location_@ GQrant Koad
Project No. Station
Name of Stream_ Rpogel \\ (Wash
DESIGN DATA
Design Frequency 2 2S  {OQ_years
Drainage Area A acres
Ar TDUS acres
Aj acres
Drainage Length 25,400 feet
1
Elevation
Top of Drainage Area I71(] feet
At Structure D YR feet
Drainage Area Slope 0,92 %
Precipitation
P = 6-hour A B inches
P = 24-hour E inches

DESIGN COMPUTATIONS

Precipitation P, = 1-hour O 2.3 R,0 inches

Time of Concentration Tc //:] minutes
Rainfall Intensity i 0.6 /.3 |.® inches/hour
Runoff Coefficient c; OY o1 0.%

Cz

Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = N51 951 |505 cfs

Computed by_M | E 4 e \\QK i%l B’ Date
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City of Tucson O
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q

1. Project Name and Location: ll iQS!ﬂ!)j: !!SS SQ “'23 Q0 H:} ‘ !-Qﬁhshm g]

2. Drainage Concentration Point: AY Gane. Ou-\-\&'\' (:ﬁ-‘ LJ—)
-7

3. *Watershed Area{A) at Drainage Concentration Point: 5(03 acres.

4. Length of Hydraulically Longest Watercourse (Lc): //, 400 ft.
: 7

S. Length from center of Watershed Area(Lca) , along Lc: SSOO ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
3 , \0 3 4
a. AL;:_R/O00Q  (wL)”_2 971 X0 mH;: Joo  sni/sE; Q9791 X t%
3 t 3
b. AL §200 (L))" |, 406\ X (O ML:_ /OO  AL,/AH, LY4ol! X \O

c. M, /00 (an> 2 9191 X 10'° sn: SO aud/am, 595,320,000

3 i H
sl 3%

3 |
AL
ors R e - 1,200 31448 + 24409 = 719,167

: . BH, BH, BH

>

8. Mean Slope(s)=(L /D= (Q, |440)° = _0,0207 ft./tt.

Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(%. of Total Area): Ma:}:“ms (100 %0 ) ( ) Average

10. Basin Factor(nb) : 0O.035 nL O,0385
11. Imperviousness(%): @) f/o I, = O °/o
12. Runoff Coefficient (Cw) : 0.0 c, = 0.0

0.3 0.4 :
13. Z-Factor(Z) = O. 444nb (Lc ca /(Sch) = /9, 63 _ Lfubure) |
14. **Time of Concentration (‘I‘c) , determined from Table III: 2,8 minutes{future)
15. At T_, 100-year Rainfall Intensity(i) = 12/(1+0.05T )= &, OO inches/hour

l6. 100~year Flood Peak (Q;OO) = CwiA= 0.L0 x 5,00 x §(L3 = [‘283 cfs{future)
17. For Other Return Periods: - 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak: 0.05 0,30 0. 50 0.70

Q (cubic feet/second): QL s07 U [I1R2

vr_ _ _ _ _ __ - - - __ _.

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

Prepared by: Company: Date:

J ME. Zeller QLA




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

County

Highway
Location__ A+ Ga.ge Outlet (4 4)

Project No, Station
Name of Stream !!!Qhani Gulc\, (‘23.004) tj:ensbSﬁmé ]

DESIGN DATA

Design Frequency 2 RS Joo years
Drainage Area A __acres
A Sl acres
A acres
Drainage Length /], 40O feet
[
Elevation
Top of Drainage Area 4120 feet
At Structure Tl feet
Drainage Area Slope 2.19 %e
Precipitation
P = 6-hour A//A inches
P = 24-hour / inches
DESIGN COMPUTATIONS
Precipitation P| = l-hour 10 2,3 3,0 inches
Time of Concentration Tc 45 minutes
Rainfall Intensity i [2 2.2 3.7 inches/hour
Runoff Coefficient C, 0.l 05 0.6
Cs
Weighted Runoff Coefficient C
Peak Discharge Qp = CiA = ] g O cis

Computed by M, E. Zeller (g LA) Date

-36-
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location: (JJeadt Sogeedwau Waslh
) I

2. Drainage Concenbtration Point: @ Gw::’e Site (Amr /\Dowe_\’ SLJOS'\‘QA‘\M\))

3. *Watershed Area(A) at Drainage Concentration Point: 9L acres.
4. Length of Hydraulically Longest Watercourse (LC) : '7OOQ ft.
S. Length from center of Watershed Area(Lca) , along Lc: 2S00 ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. an: 5000 ) 1,95 ¥ 10" am D0 ad/mE; {0WL (GG, GGT

b. AL,z Q000 (AL2)3 $.0 ¥ 10" 8,:_ (GO ALg/AHz 12, (21, 212

3 3
l c. AL.: . (AL3) AH : AL3/AH3
: ] 3 3 '
3 3 3
AL AL AL
7. I= 1 + 2 + 3 —
| Tl _% - 27 315+ 34D + - 35 181
l AHl AHZ AH3 D
: 2 2
: 8. Mean Slope(Sc)=(Lc/I) = (0.185%)° = _0.03%3 ft./ft.
l Subarea 1 Subarea 2 .
9. Watershed Type (s) Weighted Watershed.
' l (% of Total Area):_ Ruval (/%) ( ) Average
10. Basin Factor (nb) : 0.0 D= O. 02U
l 11. Imperviousness (%): 10°/o : I, =_ ['Oof/e,
12. Runoff Coefficient (Cw) : O.6S C, = 0. 6%
; _ _ 0.3 0.4 _ ‘

l 13.  z-Factor(z) = 0.444n (L L_ ) /(s _C,) 10.89 (Future)
l 14. **Time of Concentration(‘rc) . determined from Table IIIX: / 2 minutes (futures
15. At T_, 100-year Rainfall Intensity(i) = 12/(l+0.05'1‘c)= 7,27\ inches/hour

: 100 .
l 16. 100-year Flood Peak (QP ) = Cw1A= 0. (2'; x"N.20 x 294 = \ 5 &3 cfs (fuburer
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year -
' Ratio to 100-year Peak: o, o "n.3¢ 0, <Y 0,75
Q (cubic feet/second): 129 WS 7Y 04D

R e

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

Prepared by: ~ Company: Date:

l M. E, Zelleyr | SLA




1r PCFCD METHOD

; l HYDROLOGIC DATA SHEET

;"j:ject Name and Location:_|}Jes¥ Spe,e_c\ s,.)a,_uJ Weshh

inage Concentration Point: @ Ssagg Site (near B“ggg Substotion)

ershed Area (A): 294 acres/square—milesy

‘Length of Watercourse (Lc):_ "TOOO ft. Length to Center of Gravity (L.,): ;{SOO  fe.

;hem'ental Chatige in Length (L4) - ft. Incremental Change in Elevation (Hy) - ft.
Sooo (RO

1 | Q000 . G0

1

'an Slope (S¢): O ND2333 ft./ft. Watershed Type(s): Rural £Euture)

Basin Factor (np):___ . O3 Y Lfutuse) Flood Frequency:_ 2 = 2 <5 [OO yxs.

klz, (24 hour): | _ 4in. Areal Value:_ in.

" (6 hour): in.- Areal Value: in.

! (L hour): Lo 2.3 3R 0 in.. Areal Value: in.

: {2 hour): in. Areal Value: in.

vP3 (3 hour): in. Areal Value: in.

'11 Group(s): /00 °fo D Cover Type(s): Desert Reus W

fover Density (pervious areas): Lo %o Impervious Cover: |O _°/o LEutuze)-

: (s): 9/ ‘,é g7 (pervious & impervious areas) CN*(s): 86,88 72.60,93.463 - FT
(curve number) ‘ (adjusted curve number)

Elnoff to Rainfall Ratio(s),(C): , 22{« és{, .77 (pervious areas),§7 .75 .76(impervious areas)

"!:off Supply Rate (q): , 27#,7/4‘ .19 i in./hr. (function of 1)

e of Concentration (T.): LY 72%8. 2.7 i-’l'hrs./mins. (function of 1)
[ 4 T

; flerative Solution of T : 36, 4. 12 hrs./mins.

Rainfall Intensity (1) at T.: L4 S 44 "1.5'] tn./hr. Equation for Te:

4 7

;'lnoff Supply Rate (q) at T¢: .';H ,3,2!5, 5,3% in./hr. Tc = np (LQL;§2’3 q-°l' hours.
: . : c

Peak Discharge:

Note: For impervious areas,
CN* = 99 (constant).

8 1.008 qA (acres): cfs.

: I 645.33qA (square miles): cfs.,




ARIZONA HIGHWAY DEPARTMENT
BRIDGE DIVISION

HYDROLOGIC DESIGN DATA SHEET
RATIONAL METHOD

LOCATION DATA

Highway County
Location e we.
Project No. : Station :

Name of Stream e o+ Sq\-ae_ep_\wa\\xr Wash

DESIGN DATA

Design Frequency 2 28 /phH years
Drainage Area Ay acres
A 274 acres
A acres
Drainage Length 7000 feet
Elevation
Top of Drainage Area 23200 feet
At Structure _ 2520 feet
Drainage Area Slope // 7/4 %
Precipitation
P = 6-hour A//A inches
P = 24-hour ! inches
DESIGN COMPUTATIONS
Precipitation P1 = l-hour L0 2.3 3.0 inches
Time of Concentration Tc //, minutes
Rainfall Intensity i 2.2 E,] (.,7 inches/hour
Runoff Coefficient C; O ) ,
Cz
Cs
Weighted Runoff Coefficient C

Peak Discharge Qp = CiA = [29 jOgl /3779 cfs

Computed by m.E_. Zgue,\; (\%LA) ~Dat:e

-36-
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QUICK METHOD FOR FLOOD ESTIMATION ON
CITY OF TUCSON (URBAN VALLEY) WATERSHEDS:
(CURVE GIVES ESTIMATE OF Qjgq. WITH ONE PERCENT (1%)
CHANCE OF BEING EXCEEDED EACH YEAR.)
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! 1
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!
°° 4 P L -3 k} s P4

FOR OTHER RETURN PERIODS:

Q5o = 0-85 Qy49
Qy5 = 0.70 Q)4
Q10 = 0-50 Qy4p

Q, =0.20 Q4

SOURCE: PIMA COUNTY DEPARTMENT OF TRANSPORTATION & FLOOD CONTROL DISTRICT
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W H /as:és letest Hoblshed

Tucson Arroyo, which drains a completely urbanized basin, has been gaged
since 1940. During that time_the drainage area contributing to the gage
has been reduced from 27.0 mi2, to 8.2 mi¢ by a series of flood-detention
and diversion projects. However, since 3 of the 5 largest floods occurred
from the minimum drainage area, some undefinable historic adjustment would
be necessary to analyze the period of fixed area alone. Using the entire
record of variable drainage area should produce an upper limit frequency
curye above that possible from the present reduced basin. Therefore all
the data were plotted and the subjective curve drawn through them was used
for Tucsqn Arroyo.

F{ve other urban washes (Alamo, Arcadia, Rose Hill, Robb and Rodeo) were

estimated from the average departure of 8 urban gages from the rggiona]

, regression equations. The gage records range from 0.9 to 8.2 mi and from

7&( 7 to 38 years. Results of this graphical analysis show the 10-year urban
flood 1,62 times the reqional equation, the 50-year 1.32 times, and the
T00-year 1.23 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

with 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 River 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 soil group D for the entire basin, but the SCS "General Soil

~ Map of Pima County" shows about two-thirds of the contributing drainage
area to be group B. Therefore, his results may be grossly in error.

For Big Wash (Escalante Hills), a tributary to the West Branch, the
consultant properly used group D soil and arrived at Q100=2,940 cfs. He
belieye Big Wash is sufficiently similar to Silvercroft Wash to use the
same ratio to the regional equations. This analysis gives a result very
close ‘to the consultant's.

The West Branch is a complex basin, partially influenced by the Tucson
Mountains and partiaily similar to the general regional trend of the valiey
floor. Therefore, we estimate West Branch in proportion between the Tucson
Mountain basins and the general regional equations.

USGES Cor'resff)ona/emc;@ +o RCFCD orn 3/@7/'78/

'jﬁf The converts +o (:c:S14«¢r- (vx4ﬂ:t'ﬁ>o Vot OFJL) f
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36 SCS TR-55, METHAD

of conditions ranging from steep to flat and from heavily forested to
smooth. The equation for watershed lag is:

0.8 0.7
_e (84 1) (Eq. 3-2)

1,900 Y°-°

where
L = lag in hours

hydraulic length of watershed in feet

R =
1,000 s . :
S = Nt 10 (where CN' is the retardance factor and is equivalent
to the runoff curve number)
Y = average watershed land slope in percent.
100 : Vs : i1 (" I I
: i~ f 0%, o N
Ay s S 85
1 75 > ' T TN 2
aa O > 2 70
oW A}I o C .~
éu- § - -
DE ot
28 so » . =
“w V4 g
(=] Ve g
o 5 =
S8 g ' . -
o st
w
e s
0 - SR E
1 .9 .8 .7 .6 .5
LAG FACTOR

Figure 3-4.--Factors for adjusting lag from equation 3-2 or figure 3-3
when the main channel has been hydraulically improved.

100 porr=ms

-
W

PERCENT OF
IMPERVIOUS AREA
W
o

.9 .8 .1 .6
LAG FACTOR

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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ASceE (1977) k.
TABLE 3.1 d
TEN-MINUTE  UNIT HYDROGRAPH EQUATIONS

B S e e - Total
.. Equations | : : Explained Variation
t‘Z. L a/‘l«/'r‘m.f

TR = 3.1 L-23 ’S,".Zs ]:-"-.18 Ql.57 0.802

Q = 3l.62 X 103 A-‘96 TR"‘1'3'°7 T 70.936

T, = 125.89 X 103 A QT .95 ,. . 0.844

Woo= 16.22 X 103 A-93 92 " 0.943

Wys= 3.24 X 103 A-79 @--78 . ‘0.834

'is the total distance (in feet) along the main channel’

from the point belng considered to the upstream water-
shed boundary.

is the main channel slope (in feet per foot) as defined
by H/O.8L where 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.

~* is the impervious area within a particular watershed

(in percent). y

is the dimensionless watershed conveyance factor as de-
scribed previously in the text.

is the drainage area (in square miles).

is the time of rise of the unit hydrograph (in minutes).

is the peak flow of the unit hydrograph (in cfs).

is the time base of the unit hydrograph (in minutes).

is the width of the hydrograph at 507% of the Q (in minutes).

is the width of the unit hydrograph at 757 of Q (in minutes) .
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4
1
;l SANTA
: BAREARA
. UREBAH
§I~ HYDROGRAPH
LOCATION: T ‘gfgé) ¢ ;f;;’ N
l Alamo Waesh 19.60 25.38 — C
L aq¢c 37
STORK TPE: o 212009 s
|00 - yeatr 23.08 2261.15 (ﬁg«
. 30,08 2078.09
_ . ¢
) S0IL TYPE -6- e 12569
: AREA= 528.88 acres 45.09 {164.57
l 467 Impervious 59. 86 859, 15
’ 48% Birectly Connected 55. 86 63é.6&
- Time of Conc.= 18 ain. 66. 06 478.78
l fo= 1,18 (in./hr.) cagp 32546
- fc= 1,18 (in./hr.? 78. 8@ 193.51
- F=8.88 (in.) 75.08  115.86
l Time Int.= 5 min. 89-@‘% €2, 42
| 100 QYoo :
T (nin.? P (in.) 8.0 4063
5.8 856 0 Peaks 2,261.15 (cf3)
l 18.60 6.9 Tine to Peak= 25. min
13.84 .81 Vol.= 4,328.884.97 cf
28.08 8.51 Yol.= 2,29 in.
l 25.00 8.39
| 38.86 8.3 Y CUNITS= E 3.0 4
35.86 8.2t 888 2 26
: 49.98 8.18 B8
l 45.88 8.15 | L
0 56. 86 0.12 - _ b
! 55.08 889 .
. 66.00 .89 : .
| 65.08 X , -
. Total Precir.= 3.89 in. ; o, ifalet
, TUCSO : .
RAINFALL HYETOGRAPH , .
: DES/IGN STORM : -
l Pk, S.ain int.= 8.81 in : .
; Y units= 8,84 in. * ' .
' nin, X . ’
' FEREEIIIEIIIIIIIIIIIIIY .
. 5.5 '
? 10, H¥ : s
l 15, SEEFETERRERERSEER 13
; 20, FEHHEEEEREEE
L 25, FERTREEREE
3 l 30 EEFTEERE
35. 5K
: 40 TEIRE
o 45, XEIE
:. 56. FH
55.5H
60. KK

CHER0000400040000000 0000

&

| ) |




\

SANTA
BRAREBRAEH
URERH
HYDROGRAFH

LOCATION:

Alamo Wash

STORK TYPE:
A5 - Yyear

SOIL TYPE "B"

fIRER= 528.48 acres

48.7 Iapervious

48.% Directly Connected
Time of Conc.= 18. ain.
fo= 1.36 (in./hr.}

fc= 1.38 (in./hr.)

F= 8.88 (in.)

Time Int.= 3. min.

5 YEA
T (Ezn.) \7, P (i:S?)
5.08 8.a5

18,966 8.86
15.08 8.62
28.88 8.39
25.86 8.36
38.88 8.23
395.04 a.18
48,08 a.14
43,08 g.12
58.08 8.89
59.68 8.67
68.08 8.87
65.88 2.98

Total Precie.= 2.30 in.
RAINFALL HYETOGRARH

Pk. S.ain int.= 6.62 in
Y units= 8.83 in.

ain.
T Y Y XYY
S.H
10. XX
15 SEREFEERRERERERRI L
20 RETRRRRENELE
25. SERREEEEHE
36, FREEEEEY
39. XRHER
48.HIH
45. HEX
56.¥1X
35. 518

60. XXX
FOOP0000000000000040000

4

T (nain.) 8 (cfs)
5.648 8.04

18.99 .86 -

15.08 71e.47
28.06¢0 1535.28
25.084 1621.28
3a.00 1469.99
35.88 1282.86
48.68 930.24
43,94 717.95
308.08 341.79
35.86 401,47
68.9¢ 318,38
65.0¢ 228.44
78.6¢ 138.83
75.08 77.79
86.63 46.29

g Peak= 1,621.28 (cfs)
Time to Peak= 23. ain
Yol.= 2,976,719.81 cf
¥ol.= 1.58 in.

{UHITS= E 3.2 2

8.8
8.9

D~J

T

Y
8 .62




' SAMTH
: BAREARK
l UREAH
‘ HYDROGRAFPH
l _ LOCATION:
/q/amo w@sé T (;1;61 ¢ éc;;)
STORN TYPE: 16.68 a.0a
l ' 2 - ge(z,. 15.688 183.41
208,48 412.62
, 25.04 435.87
SOIL TYPE °B* 39.00 378.85
l AREA= 528.88 acres 35.98 311.27
49.7% Iarcervious 40.08 256.86
. 48.% Directly Connected 45.9¢ 204,81
l Tine of Conc.= 18, min, 50,86 167.31
fo= 1.58 (in.zhr.) 55, BE 134,90
fc= 1.98 (in.zhr.) &, Ag 119.57
l F= 8.88 (in.) j 65. 94 £8.92
Tise Int.= 3. sin. f 70, 46 43.17
eaTr 75.64 28,61
: T (ain.’ P (ingi 2@, a8 17.81
l 3.68 8.82 85. 68 18.11
| 18. 8¢ 8.43
1 _ 15.04 8.27 g Peak= 435.67 (cf=)
| l 28.68 8.17 Tise to Peaks 25. ain
| 25.68 8.13 Yol.= 832,333.59 cf
23.88 é.1d Yol.= 8,44 in
33.86 8.a7?
l 44,66 8.8e¢ Y CURITS= 4.y 4
45,04 8.83 &, 435
: 56. 06 8.24 g,
' 95.684 8.83  F— ]
60.98 8.3 . ‘
: 65.00 8.04 x ‘
l Total Precir.= 1.68 in. ! :
7 OCSON ! x
' RAINFALL HYETOGRAPH ] .
Pk, S.ain int.= 6.27 in ! x
' Y units= @.81 in, 3 ! .
l ain. : s
R (XTI IS IIZ2 2 X222 22 4 i x
l 5.H [
& 16.FEE v
15 FERERERERERERERER LS '
20, EREERRREIERE i
: l 25. FREEREEREE
30. FERELEER
‘ 35. HEERE
l 40. EEEEE
' 45. 55K
_ . S6. ki
: 5. K%
l 60.E5X

OO0 04000004000400000




- SAHTA
. BAREARA
, URBAH
, HYDROGRAPH
' LOCRTION: T (min,J @ (cfs)
3 Alvernon Wess 1332 1223
. STORM TYPE: 5.8 536,42
28.08 1146.59
| /00—~ Year 25.88  1226.42
l 36.64 1131.18
, SOIL TYPE -B° 35.64 251.35
| ARER= 284.86 acres 43,88 761.66
) 46.% Iapervious 45,88 £96.95
:' 48.% Directly Connected 56,4 73,22
' Tiae of Conc.= 18. sin. 55.66 332.78
, fo= 1.18 {in./hr.) . 58,98 268.74
' fc= 1.16 (in.shr.2 £3.64 148,93
F= 8.88 (in.) 78.64 198,99
Time Int,= 5. sin. 75.84 65.15
g9.84 39.09
' T {min.) P {ino) 85,66 23.46
5.68 .86
18.68 8.49 0 Pezk= 1,226.42 (cf3)
-_' 15.68 @.81 Tise to Peak= 25. sin
, 28.88 §.51 Yol.= 2,363.437.93 cf
23.08 .39 Yol.= 2.29 in.
: 36.68 a.29
l 35.406 2.21 Y {UNITS= E 3.} 3
48.0¢ a.18 A ag .23
: 45.0¢ 8.1% g0
' 56. 88 8.1z e |
33. 684 8.89 .
,. 68. 84 8.e9 .
' 65.90 8.04 :
Total Precie,= 3.8€ in. ] r
:l RAINFALL HYETOGRAPH : .
v Pk. S.nin int.= 8.8 1n ! s
l Y units= 8.84 in, 3 ! z
: fin. | s
; Lz v
l S.HE HE
10, EXE 'x
1S FERRRRREREREREXERRE s
l 20 REREEENREERX
25. AREERREENE
- J0.JEEEEEEZ
l 35. 1IN
- 40, XEIEE
45, KTH
.-' 50. 1%
l 935. Mt
68.XEE
000048 0000040000000040

I . . . -



SAHNTA
BARBARA
URBAN
HYDROGRRARFH

LOCATION:

Alvernon lesh

STORM TYPE:
a8 - geaf

SGIL TYPE B

ARER= 284.98 acres

48.% lapervious

48.7% Directly Connected
Time of Conc.= 16, nin.
fo= 1.38 {in.shr.?
fc=1.36 {in.7hr.)
F=-8.88 Cin.)

Tiae Int.= 5. sin.

T (ain.) P (in.)
5.80 2.83
16.08 8.86
15.08 8.62
26.04 8.39
25.04 8.30
3a.e6 8.23
33.64 6.16
48,04 8.14
45.08 8.1z
56.06 8.89
95.06 6.87
68.08 8.67
63.88_ 6.68

Total Precie.= 2.38 in.
RAINFALL HYETOGRRPH

Pk. S.ain int.= 6.62 in
Y units= 8.03 in. *

nin.
SHEELIIEPR000 0440004
5.1
16. X
15. EEREERRERREERRERER)
20. EETEREEREREY
25. HITEEERERE
36 ERRERERE
35. Kl
40.FXEE3
45. KHE
58. ¥
959. k1

60. 511
CHPEIPEIII40000400000¢

T (sain.) B (cfs)
J.08 8.99
18,62 2.73
15.686 382,63
28,48 329.4¢

25.88 879,33
36. 040 208,24
35.68 £37.38
48.88 318.29
45. 04 194,78
59.96 298.89

55. 094 222.9%
68,04 171.94
63.84 122.25
76.64 73,39
73.64 44. 81
80, ag 26.41
35.08 15,34

g Peak= 879.33 {cfc)

Time to Peak= 25. ain
= {,82%,732.68 of

Yol.= 1.52 in.

¥ (UKITS= 1.> ¢
8. 87y,




SAHTA
EAREAKA
UREAN
HYDROGRAFH

LOCATION:

Alvernon Wash
STORN TYPE:

L -Year

SOIL TYPE -B-

fiREA= 284.60 acres

48.7% Ispervious

46.% Directly Connected
Tine of Conc.= 18. ain.
to= 1.58 (in./hr.}

fc= 1.56 (in./hr.)

F= 8.88 {in.}

c

Time Int.= 5. min.

T (min.} P (in.}
5.68 a.ez
18,68 943
15.88 8.27
26.0¢ g.17
29.8% 8.13
38,08 g.14
35.04 B.8?
48, 0¥ 8.66
45.9¢ g.e3
56.64 8.84
55.68 8.83
68.80 8.83
£5.66 8.06

Total Precie.= 1.88 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 6,27 in
Y units= 8.81 in. *

ain.
Ty
.k
18, EXF
15 FEERERERRRREERRINRRE
20 FEREERERENES
29. EEEREERREE
30, FEEERELE
35. BEREE
40, EXEEE
45. 103k
99, 1K
55. k%

68, KX
CHOIERIELIEIIIIEEEIIIOS

T {min.} g (cts)

.88 a.40
18.0¢ .99
19. 68 98.83
20.84 222.88
25.94 235,97
Je.26 206,23

35.68 178,13
40.83 137.53

45. 00 112,51
9f. 94 92.94
33.08 74.31
AR, Bl 68, %4
63,08 44.75
74,68 26.83
79.68 16.11
30.44 9.67
85.88 5.56

§ Peak= 235.97 (cfs)
Time to PFeak= 25, ain
Vol.= 454,483.22 of
Yol.= 8.44 in.

w n

TOCUNITS= 1) @




SANHTA
BAREBARA
UREAH
HYDROGRHAFH

LOCATION:
Areadia Uosh

STORM TYPE:
/00 - year

SOIL TYPE -&-

ARER= 7§7.98 acres
4a.% Iarervious

4%.% Birectly Connected
Time of Conc.= 16, ain,
fo= 1.16 (in./hr.)

fc= 1,16 {in./hr.)

F= @.88 (in.}

Time Int.= 5. min.

T (ain? P {in.)
5.6 8.858
16,08 8,04
19.88 8.a1
2a.88 £.51
25.86 #.39
Ja.ee 8.2
15.06 8.2t
48,84 g.18
45.84 8.15
98,608 6.12
35.86 a.ev
68,06 6.4
63.88 8.0

Total Precie.= 3.088 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.81 in
Y units= 8.84 in,

ain.

Lo
3.

16, EKE

15 FESERRERRERSEREER S
20 . EXFERERERER]

25, HEERERREEE

0. FXREEEEE

23 MERER

48, IR

45. K518

99, H¥

53. 1

66. 11k
CHEEPEPPIEILIINIEIIENINYE

T {min.’ 2 {cfs)
5.06 f.08
10,06 25.32

15.068 1987.69
268.64 2279.57¢
25.66 2671.68
30,46 2689.21
3s.68 2473.32
40,06 2162.24
43. 0¢ 1858.59
76.08 1568, 46
995.48 1267.61
68.02 1816.98
£3.088 768.61
78,88 575.83

75,48 419,62
24, a6 3e6.21
23, aé 223.45
9. 84 163.86
5. 6% 118,99
120,46 86.23
185,088 63.326

0 Peak= 2.689.21 (cfs)
Time to Peak= 3@. ain

Yol.= 6,527,367.47 cf

Vol.= 2.22 in,

¥ {UKITS= E 3.3 2

8.088 2.69
808
j-- |
x
3
! .
: - =
. .:' [ :
' 3 ;
: Tl E 359
: z
1 ’ T
i {
-
: 3
' P -
: z
: x
' x
H 3
[ 4
HERS
HE
H
1

ALY




SRAMTH
BAREARA
URBHN
HYDROGRAFPH

LOCATION:

Arcadia bbsh

STORK TYPE:
A5 - Year

SOIL TYPE *B-

AREA= 787.88 acres

48.% Inpervious

48.% Directly Connected
Time of Conc.= {6. ain.
fo= 1.38 (in./hr.?

fc= 1.30 (in./hr.}

F= 6.88 (in.)

[ ~4

Time Int.= 5. amin.

T (min. 3 P {in.)
5.06 8.83
18,04 @.86
15.68 8.62
28.08 8.39
25.08 8.29
38.0@ 8.23
35.64 g.16
48.086 g.14
45.08 8.12
50. 04 8,89
35.68 8.87
68.08 8.97
65,64 8.94

Total Precie.= 2.3@ in,
RAINFALL HYETOGRAPH

Pk. S.ain int.= B.62 in
Y units= 6.€3 in, ?

ain.
T e
5. K
16.5¥
15. FEREREERRERREERIERL
20, EFRRERTERERE
25 KREYRERERE
30, EXREEHEE
I5. EEEEE
40.HEEER
45. T
50K
93. 11

68. XK1
FREEEP00H00000000000¢

T {(nin.d g (cfe)
5. 89 @.0¢
14,64 5.18
15.04 717,13

26.08 1646.39
25. 64 1916.89
30. 0% 1963.72
35.08 1724.66
49.97 1475.56
45,60 1242.62
54, 64 1822.91
55. 0% 823.13
68. 88 675.78
65. 4 528,87
76. 08 395.93
75. 49 281,63
8@, 09 265.51
25. 60 149.97

9. 08 189,44
93.08 79.86
188, 88 38.28
185.08 42.53

@ Peak= 1,916.8% {cf3)
Time to Peak= 25. ain
Yol.= 4,501,567.92 cf
Yol,= 1.58 in.




I SAMTA
‘g BAREBARA T (aina) 2 (cfs)
;I UREAH 5.88 @.90
‘ HYDROGRAPH 18,88 a.ma
; 15,89 195,85
l LOCATION: 29.6¢ 441,33
: 25.98 512,48
Arcadia Uash .08 495.9
;l STORM TYPE: 35,86 445,69
! 46.06 393.78
- Year .68 34351
: 59,06 296,61
l S0IL TYPE "B 55.88 252.18
‘ AREA= 787.88 acres 68,848 214.65
48.% larervious £5.04 171,93
: 48.% Directly Connected 76.0¢ 125.42
l Tise of Conc.= 16. ain. 79,09 91.57
fez 1,58 (inu/hr.) 26,68 66.82
: fc= 1.58 (in./hr.) 85. 46 48.76
I F= 8.88 (in.) 9. 06 35.58
Time Int.= 3. ain. 35. 66 25.9%
188, 96 18.95
: T (ain.) P (in.} 185.08 13.82
. 5.88 .82
18. 4@ .03 0 Peak= 513.48 (cfs)
13,44 #.27 Time to Peak= 25. ain
l 28,88 8,17 Yol.= 1,255,241.06 cf
23, 0% 8.13 Yol.= 8.44 in.
: 38,68 8.18
l 35. 96 8,87 ' ¥ (UNITS= 1.} *
44, e 8.86 8. 513.
_ 45.88 @.85 a.
5 5. 84 8.84 - {
I 55. 66 .83 :
68,88 8.83 .
l 65.86 8,09 : :
Total Precir.= [.6@ in. : *
l RAINFALL HYETOGRAPH ' x
‘ Pk. S.ain int.= 8,27 1n : x
:l Y units= 6,81 in. ¥ ! r
min. ! :
;’ CEPEE020000000000 000004 ! H &
l 5.5 P ;
10.5EE ¢
: 15. EREEREERRRERNXEER RS -
l 20, FEFEEEEERERE '
: 25 HEERREEEEE s
30, FENEEEER fx
; 35, BREEE e
. 40, FHEE
45, KEEE
: 50, EEF
' 55. 51
60.EX¥

FOELR000000 0000000000000




SAMNTA
BAREBARG
URBAHN
HYDROGRAPH
LOCRTION:
Co/a,m étzs léés% T (;igé) i} (cfz‘;
STORM TYPE: 18. 80 3'25
_Ye 15.80 311.85
/00— Year 2088 674.67
SOIL TYPE “B" §§§2 Eﬁééf
AREA= 176.86 acres= 35.33 533'72
48.% Isrervious 45'93 4?é'33
46.% Directly Connected 45.53 386'39
Time of Conc.= 1i. nin. 5. 6 364,85
fo= 1,16 Cin./hr,) 5588 23053
fc= 1,168 {in./hr.} 66.88 ' 172-:9
F= 6.88 (in.) .88 12213
Time Int.= 5. sin. ?é:eé 72-35
5, .
T {min.} P (in.2 ;g gg ;z gé
5.0 2.96 )
: ) .6
16,88 8.09 82.40 18,64
lg-gg g-ii Q Peak= 734.13 (cfs)
;S'H& B.;q Time to Peak= 29, ain
sBéﬁ ﬂ’ﬂ Yol.= 1,461,981.69 cf
b 531 Yol.= 2.29 in.
48. 0d e.1% Y CUNITS= 1.) @
45,86 615 8 734
58, 08 8.12 8. '
55. 48 2.89 - |
£8.08 8.89 . '
65. 66 2.8 :

Total Precie.= 3.0% in.
RAINFALL HYETGGRAPH

Pk. S.ain int.= 8.81 in
Y units= 6.84 in. #

ain.
ey
J.8%
UK §#1
15, BEEESREERERERZELI
20 FEREXEEEREEL
25 . EREEERRERE
36 . XEIEFIER
35 KIS
48 . T
45. 55k
50. 5K
3. 1

60. X1
FEOLEEE000014 000400000




SAMHTH
EAREBARA
URBAM
HYDROGRAPH

LOCATION:

Ca/am bus Wa.s/r

STORRM TYPE:
25 - Year

SOIL TYPE -B*

ARER= 176.88 acres
46.% Iaeervious
48.% Birectly Connected
Tine of Conc.= 1. ain,
fo= 1.38 {in./hr.)

fc= 1.38 {in./hr.)

F= 8.88 {in.}

Time Int.= 3. Amin.

T (nin.; P (in.;

3. 86 8.8
16,86 8.8
15.66 8.62
28,66 .39
23,68 8.38
30.84 8.23
35.084 8.16
40.84 8.14
43.68 8.12
56. 68 .99
35. 64 8.97
60.84 a.87
65. 684 ¢.a8

Total Preciep.= 2.38 in.
RRINFALL HYETOGRAPH

Pk. 5.aln int.= 8.62 in
Y units= 8.83 in. 3

nin.
=
S.Ex

18. 5

15 BERERERRRERRRILIN L

20 FERREREEINEE

25 . EXEEREREEE
J0.HEEERERE

33. EENLE

48, Ik}

43, HiI

96, Exl

53.1H

60. KX
CILPIIEIIEIIPIOE 0400044

T (ain.) g (cts)

5.68 8.94
18,89 1.98
15.64 222.33
28.04 487.435
25.84 526.42
3a.60 487.41

35.68 407.59
48.98 322.86
45.88 252.77
58,06 194.82
55.08 146.60
48,60 113.84

£5.60 82.22
76,08 51,38
75.64 32.1¢
29,04 28.97
35.04 12,93
o Peak= 526.42 (cfs)
Tike to Peaks 25. ain
Yol.= 1,009,121,85 cf
Yol.= 1.98 in.
T (UNITS= L.} 9
a. 526,
#.




SANMTH
BRAREBARH
UREBAHX
HYDROGRAFPH

LOCATICH:

Co /mézz,? Ll st

STORH TYPE:
;L—ejedf'

SCTL TYPE -B-

ARER= 176.08 acres

46.7 Imrervious

48.7% Directly Connected
Tine of Conc.= 11. sin.
fo= 1.38 (in.shr.?

fc= 1.58 (in,shr.)

F= a.e8 (in.)

Time Int.= 3. ain,

—
=
~—

T (ain.? P

{in,
3.684 8.8z
16.04 .83
15,06 8.7
28,86 B.17
25.989 8.13
38,84 g.14
35.04 8.47
48.96 .45
43. 86 .85
58.088 8.484
35. 86 £.83
68,88 8.83
69.488 .88

Total Precie.= 1,88 in.
RAINFALL HYETOGRAPH

Pk. S9.min int.= 6,27 in
Y units= 6.81 in, ¥

nin.
G400 0000004040000 044004

3.5

16, EX¥

15, FERERRREERERERE 21
20.EERERERIXELY
25 EXIEHIEEE
36.EXFERERR
35.REXEE
408.BXREE

45. EXHY

o8. FH

39.HE

60. KX

GOOEE0R 0004000000000 000

T (ain.)
5.08
18, 64
15. 88
28.84
25.68
38.80
33.64
48.08
43.66
38. 04

0 0 Co -
2N I <0 -‘,ﬁ
. .
[ B~ < < }
R

+%

g Pesk=
Time ta
Yal.= 231
Yol.= 6.44 in.

8 (cfs)
g.04
g.08

57.42

138.93

141,23

125.84

185,61

26.66

71.9%

38.97

47.93

39.47

29.42

18,39
11.49
7.18
4.49
2.81




Total Precip.= 3.89 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.81 in
Y units= .84 in. 3

nin.
ey
S.EE
10.FH1
15 FREEREERREREERRLRRL
20 EXSERERERERE
25, FEEEREEXEE
J0.BREERLEE
35.FREEE
48, FHIIE
45, HEEE
S56. kK1
5.1

60. FEE |
CEOEP000000604000000000¢ ‘

gl ' SANTA
: BARBARA
URBAN
; HYDRDGRAPH
l T (min.? 2 (cfs)
LOCATION: 5., 68 9,00
‘ 19,00 16.34
l /'/’7’4 School Wash 5,09 366,94
- STORM TYPE: 20.88  1925.87
25.88  2164.98
: /00-4Year 36.86  2089.86
: l 35.82  1836.44
SOIL TYPE -8~ 49,69 1538.42
: AREA= 576.88 acres 45.88  1256.57
l 29.7% Impervious : 5@, 6¢ 1844.41
; 29.% Directly Connected 55, 64 763.19
Tine of Conc.= 13. ain. 68,80 976,32
' fo= 1.18 (in./hr.) £5.68 417.94
fe= 1,18 Cin.shr)) - 74,08 291,65
F= 8.88 (in.? 75. 08 139,81
: Time Int.= 5. #in. 38,04 127.92
I 85,08 86,28
T (ain.y P Cin 98, 68 53,89
5. 86 2.8%
l 19, 00 2,09 0 Peaks 2,164.98 (cfs)
15.88 8.21 Tiaz to Peak= 23. ain
20,60 8.51 Yol.= 4,559,143.66 cf
l 25. 84 8,39 Vol.= 2.1% in.
30.09 A, 38
15.08 8.21 ¥ (UNITS= £ 3.) 2
. 48,04 8.18 8. 6@ 2.16
: l 45. 84 6.15 A, 06
‘ 58.64 8.12 - !
55. 648 8.9
. €0.00 8.89 :
‘ 65.00 g.ae x




SHHTHA
BARBARA
URBAH
HYDROGRAPH

LOCATION:

/4//7/ 574400/ [I/O'SA

STORM TYPE:
;Lg - Year

SOIL TYPE °B-

ARER= 576.89 acres

29.% Impervious

29.7% Directly Connected
Tine of Conc.= 13. nin,
fo= 1.38 (in./hr.)

fc= 1.38 (in./br.)

F= 8.88 (in.?

Time Int.= 5. min.

T (ain.d P (in.)
3.04 8.95
18.64 8.86
15. 68 8.62
28.88 8.3¢9
25.68 8,34
j6.98 8.23
35. 64 g.16
48. 68 #.14
45. 04 8.12
36.86 8.89
53. 648 6.97
6. 060 .47
63.08 8.8

Total Precip.= 2.38 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.62 in
Y units= 8.83 in, 3

ain.
ey

5.H

LI 3

15, BEREEERY ERRRERIEE LY

20 ERERERFERRRE

25 EREERREEHE

Jo. FEREERLR

35.

45, 114

45. KX

50.KH

95. H¥

68. KX
SHILEIPEILOEI0000000044

T (hin,)

g Pes

Yol.
Yol.

3.08
18, a4
15,06
28.44
23.94
38, 8¢
35,44
48.64
43. 84
38. 64
33. 84
8.80
65,69
78.86
73. 84
83.ed
g5, 00
94.80

k= 1,324.91 (cfs)
Time to Peak= 25. ain

3,86%,2¢3.82 cf

1.47 in.

{UHITS= E 3.> #

@ {cfs)
8,99
.27

7.98

{.41

4.91

1453.32

1248.93

1846, 39

797.87

£15.65

467.19

368,68

263,89

179.19
128,76
21.33
54.84
36.96




P
el
i

. ;l
;l
;I

SHHTA
BAREARA
URBAN
HYDROGRAPH

LOCRTIOK:

High School Wesh

STORM TYPE:
2-Year

SOIL TYPE -B&"

fiRER= 576.88 acres
29.% laservious

29.% Directly Connected
Tise of Conc.= 13. ain.
fo= 1.98 (in.shr.)

fc= 1,56 (in./hr.)

F= 6.88 (in.)

Tine Int.= 3. win.

T (win.? P (in.)

5.00 a.82
18. 80 6.83
13. 04 8.27
28. 0@ a.17
25.08 8.13
38,68 8.18
33. ag 8.87
46.64 8.86
45. 84 8.85
8. 04 .84
35. 86 8.83
oR. 08 8.83
63.60 a.98

Total Precie.= 1.88 in.
~ RAINFRLL HYETOGRAPH

Pk. J.ain int.= 8.27 in
Y units= 8.81 in,

ain.
Iy
5.H
- 18 M
15 BRRETREFEEREEREIREENS
20 . EEIEEEEERERES
reMiiitiiisid
30 . FREEREEL
33. EEHEE
40, EREEE
45. XXX
96.FH
99.551

60. HEX
FHOPIHH0000000 000000

T (min.? B {cfs)
5.08 ¢.a8
18,04 8.08
15.684 147.91
20.94 339.16
25.04 366,62
3g. 0@ 326,24
35.04 279.41

44, a 228.89
45.48 18%.66
58.48 157.23

An

55. 68 129.%4
68,68 185,43
55,08 e1.53
76,06 94.93
75.84 37.83
54, 38 24.95
83,680 16.82
3, 4@ 11,33
95, 6 7.64

- e e e e smem e




SAHTA
EAREARA
URBAN
HYDROGRAPH
LOCATION: |
b N
Maviana Grande Vista , T wind @ (cfs)
STORM TYPE: tas 5.0 9.96
16.99 6.69
Joo - Year 15,08 262.18
2088  526.21
S0IL TYPE “E- 25.88  568.49
AREA= 1@4.88 acres Je.a8 429.93

35.68 333.32
46. 84 248.36
45.88 188.85
58. 68 141.17

48% Impervious

48% Rirectly Connected
Time of Conc.= 7 sin.
fo= 1.16 {in.7hr.)

fo= 1.8 (in.7hrld 95. 08 99.38
F= 8.94 (in,) 68.08 78.17
Time Int.= 5 ain. 65. 68 44,82
! 76,94 28,7t
T (ain.) P (in.) ' 75.06 9,62
5.88 .85
14,84 f.89 8 Peak= 926.21 (cfs)
15.08 8.8t Time to Peak= 28. ain
24, A 8.51 Yol.= 866,856.38 cf
25.08 8.39 Yol.= 2.38 in.
38.68 8.39
35.82 2.21 Y {UNITS= 1.> +
40,69 g.18 é. 526,
45.68 8.15 8.
58. 68 8.12 I v
55,04 8.89 *
66.04 8.89 *
65.08 a.ae *

Total Precie.= 3.08 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8,81 in
Y units= 6.84 in. 2

ain.
CEIERPIEIEINEEIININNING
3. K
16. B
15 FEEERFERRERREREEIL
20 FREEERRERIELE
25. HEHEEENIE
36 FXEEXERR
35. 11
48, FREEL
45. ¥1HE
56.¥R}
5. 1K

68. XX
SEIEE0000000H0400000400




SAHTA
BARBARA
URBAHK
HYDROGRAFH

LOCATION:

Madiane Grahde sz

STORM TYFE: Wash
25 - EIGZCZJ"

SOIL TYPE "B

AREA= 184,88 acres

48.7% lapervious

4@.% Directly Connected
Time of Conc.= 7. mim:
fo= 1.38 (in.shr.)

fc= 1,38 {in./hr.}

F= 8.88 {in.}

Time Int.= 5. ain,

T (ming: P {in.»
3.0¢ 8.83
18.0¢ g.96
15.0¢ B.62
28,80 8,39
25. 88 4,38
34,86 8.23
35,64 g.16
44.99 g.14
45. 04 A.12
59.04 g.29
55. 68 8.687
68.86 8.87
5. 04 8.88

Total Precie.= 2.38 in.
RAINFALL HYETOGRAPH

Pk, S.ain int.= 8.62 in
Y units= 6.83 in. *

nin.
COIEEEEIIIPEEIERI 000044
.3k
19. k¥
15 FXFEEEERRERRRERERD)
20 . EERERENEEIRX
25. BEEELERENE
30.EEREREER
35 kLR
40 . FEEEL
45, HiIl
50.1H
55.EE1

60.HI
Y T TT YA YRR XTI RA T 2T

T (ain.) R (cfs)
3.04 a.0¢
16. 04 1.34
13.08 187.49
20,06 381,22
25.68 364,19

36.98 302.86
35.04 227.58
48.84 162.43
45. 64 113.3%

54,88 83.62
55.08 g1.14
60%. 08 47.11
65.08 21.23
76,06 14.54

5.08 £.73

£ Peak= 281.22 (cfs)
Tise ta Peak= 28, ain
Yol.= 597,663.99 cf
¥al.= 1.5%8 in.

Y (UNITS= 1.3 2




SAMTH
BAREBARHA
 URBAHM
HYDROGRAPH
LOCATIOH: T (win,) g (cfs)
Manana. Grande Vista 1233 ggg
STORM TYPE: Wash 15.08 47.62
20,00 101,38
d—Year | 25.98 97.28
20. 85 77.28
SOIL TYPE “EB° 35.90 58,94
ARER= 184,88 acres 46. 04 45.08
48.% lapervious 1 45. 68 35.76
46.% Directly Connected 36.08 25.76
Tige of Conc.= 7. ain. 33.64 22.82
fo= 1,58 (in.shr.> 64, B8 18,49
fc= 1,58 (inushe)) 63.84 12,98
F= 6.688 (in.) 79, 04 6.95
75,88 2.97

Time Int.= 5. win,

2 Peak= 161,38 (cfs)

T (aingy P iing _
5. BB 8.82 Tine to Peak= 28. ain
15, 68 o0 Yol.= 166,581.65 cf
{5, g8 227 Yol.= .44 in.
28,96 217
25 68 813 ¥ CUNITS= 1)+
78, 8 B. 18 e feL.
35,66 2.87 %
4.8 R85 I ‘
45,88 8.85 ’
56. 08 8. 84 N
55.08 8.03 ; i
$8. 8@ 8,83 ! :
65. 98 8.9¢ X '

Total Precie.= 1.86 in,
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8,27 in
Y units= 8.8) in. 2

Ain.
Yy YR YT YT YT YR ITA A2 22
K
18. FEX
15, SEEEERERRRRRERER R S,
20. EFTXEREERIRL
25. FRRREEESRE
30 EXRERIEE
35. BRERE
48.FHH
435. EXRE
50, H¥
55. EHE

68. XkE
COROPEI40000000000000000




- em e W R BN MR NN RN Gm NN Sm Rm e e e - e

SANTA
BARBARA
UREAN
HYDROGRAPH

LOCATION:

}QJan Hills éLQSA

STORM TYPE:

/00 - §err

SOIL TYPE -B-

ARER= 31.88 acres

26.% Iarervious

20.% Directly Connected
Time of Conc.= 3. ain.
fo= 1.18 {in./hr.?

fc= 1.18 (in./hr.)

F= 8.88 (in.)

Time Int.= 5. #in,

T (ain.? P (in.)
3.08 8.8
18,48 6.89
15. 086 .81
26. 84 2.3
25.86 2,33
3. 04 #, 38
35.04 8.21
48,48 B.18
45. 849 8,13
38.68 212
33. 08 a,e9
66.08 g.e9
63.08 #.08

Total Precik.= 3.08 in.
RAINFALL HYETOGRAPK

Pk. S.ain int.= 8.8 in
Y units= 6.84 in, *

ain.
ey’
5.5
18, EEF
1S EREEREREREEEIRERERY
20 FERERERERERE
25 FRFREHEEYE
30 . EREEREXE
39 . MERER
46.FEXE¥
45. Ik
59.kH
S55.18

68.EEX
CHIEIININIINEINIEIII0004

S INNNN__——————

T (ain.) B (cts)
5.06 8,68
19,68 1.69
15.84 126.41
20.9¢ 289.89
25.68 146.46
36.48 185.19

35.48 71.68
48. 04 47.69
45.08 35.33
56.00 24,687
33. a4 13.12
66. 080 7.28
£5. 84 3.7

0 Peak= 269.89 (cfs)
Time to Peak= 26, ain
Yol.= 237,522.44 cf
¥ol.= 2.11 in.

Y UNITS= 1.} 2
8. 218,

»




SANTA
BARBARE
URBAN
HYDROGRAPH

LOCATION:

,E)o//l/lj Hills lbsh

STORM TYPE:
285 -YHear

SOIL TYPE <B-

AREA= 31.86 acres

28.% Impervious

28.% Directly Connected
Time of Conc.= 3. ain.
fo= 1.38 (in.s/hr.)

fc= 1.38 {in.7hr.}

F= 8.86 (in.)

Tisne Int.= 5. min.

T {ain,? P (in.)
5.84 8.439
14,84 8.96
15.04 8.62
28.08 8.3¢9
23.04 8.38
36.98 8.23
35.08 8. 16
4f.04 a.14
435. 04 a.12
98.88 8.89
53,68 8.87
64,08 8.87
69.88 8.9¢

Total Precie.= 2.28 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.62 in
Y units= 0.83 in. ¢

sin.
CHOEPEIE4 0000000000000 004
5.
16. ¥
15, FEERERSERRREERTERR:
26, EXEEERREELEE
29 . FEEELHLENE
30 EETEELEL
35.HH3
40. JE8EE
45. FEHE
56. KX
S9.KEX

68. XK
CHEIEIPE00 0010000000004

7 (ain.} f (cts)
5.08 .04
18,68 B.34
15. 68 98,59
28,04 149,74
25.64 186,97
34,086 £9.49
35.84 42.95
43,86 25,32
45.64 15,96
58,84 16,22
33. 6@ 6.34
68, Q¢ 5.3
£9, 04 2,35
2 Peak= 149.78 (cf3)
Time to Peak= 28, min
Yol.= 196,383.38 cf
Vol.= 1.39 in.
Y O{URITS= Lo ¢
a. 158,
8.

~




\

SANTH
ERREBARA
URERH
HYDROGRAFH

LOCATION:

/&EZ;/OG;’57 4‘94‘/23§ 4444;114

STORK TYPE:
2 - Yyear

SOIL TYPE -B*

RRER= 31.60 acres

28,7 Iapcrvious

28.7% Directly Connected
Time of Conc.= 3, min,
fo= 1.58 (in.zhr.}

fc= 1.98 (in./hr.;

F= 8.88 (in.)

Tise Int.= 3. sain.

T {min.} P {in.)
5.88 a.a2
1¢.28 8.83
15.66 B.27
20.04 8.17

25.04 .13
34,88 8,18
35.68 8,47
48,68 6.86
45.64 8.4>
98. 86 8.84
93. 64 8.83
68. 8¢ £.83
55,400 8.68

Total Precie.= 1.B8 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.27 1in
Y units= 0.81 in. ¥

ain.
FEEPEEIEIPEEEE0 04040404
S.H
16. 553
15, EEEEEREERRERERIER LS
20, FEICERRREEEE
25, FREEERRELE
30, HIHERERE
35.FEHE
40.KEHIE
45. K3
50. KE¥
S5.XH

68.111
FEIPE00004400000000004

T {mnin.?} 0 (cfs)
9.66 .66
18,94 8,09
13,68 28.29
24,04 33.9¢7
25,86 28.9¢
38, 8¢ 16.27
35.88 6.68
448,46 3.08
45,68 4.17
59,48 3.42
59. 6% 2.68
64, Bd 2.27
£3. 8% 1.22
78,08 g.11
& Peak= 33,97 (cfs)
Time to Peak= 26, sin
Y51,z 33,828.27 of
¥ol.= 8.29 in.
T O{UHITS= 1L 9
g.8 34.8
8.8
13
T
H x
! x
: :
C
L |
HEE |
HIEE
I
HIK
iy




T (ain.? @ (cfs)
9.09 f.04
19,48 24,75
15.08 978.93
28,00 2283,29
SHHTA 25.00 2818, 11
EAREBARA 34,88 2973,23
UREAM 33.00 2851.41
HYDROGRAPH 48,08 269%.21
45. 94 240662
~ LOCATION: 58.68 212%.03
39.68 1834.29
Kosehl! bbsh | 60.99  1561.36
STGRM TYPE: 65.96 1297.75
78,04 184161 -
/00 - yez/* 73.08 §36.83
84,64 671.83
SQIL TYPE -B" 35.60 532.39
AREA= 1.6845.0@ acres 9¢. 00 432.2¢9
40.% l[apervious 95. 88 345,97
49.% Directly Connected 104,86 278.4¢
Time of Conc.= 23. ain, 185,46 223.52
fo= 1.18 (in.shr.) 118.88 179.41
fc= 1.18 (in./hrl) 115,08 144.80
F= 8.88 (in.) 128,08 115.58
Time Int.= 5. sin. 125,88 g2.77
: 138,48 ’4.46
T {(min,} P {in.}
3.88 #.86 @ Peak= 2,573.23 (cfs)
16.64 8,09 Time to Peak= 38. &in
15.84 8.81 Yol.= 3.644,527.32 of
24.0¢ 8.51 Val.= 2.28 in.
25. 08 8.39 ’
20.68 4.3 ‘ Y {UHITS=E 3.} ¢
35.06 8,21 ; g, 0a 2,97
49,88 A.18 6.0
43.08 8.1% i- !
58.94 8.1z z
33.08 #.89 s
68.0¢ 8.89 ! z |
£3.84 8.94 : 1
Total Precie.= 3.88 in. 1 x
RAINFALL HYETOGRAPH : z
Pk. S.ain int.= 8.8 in ; :
Y units= 8,84 in, ? : *
sin. : 5
FEEEAEIPEIIEEI00E00 0044 ; x
5.H ; *
18.EXE : :
(5. FEEERRERNERRERRESRE |
20 EXIREREERLEE R
25. BEEERREERE o
30 ERERREEE I
35 . BREEE I
40, FEERE HE
45, EEE% i
56. 1K H
59.58k "
60. XX
0‘0000000000000000000000 )




- .

-

o = a=

SAMTA
BAREAEA
UREAH
HYDROGRAPH

LOCATION:

/EDOSG/»,// Mé

STORH TYPE:

285 -Yeasr

SOIL TYPE -B-

ARER= 1.045.8@ acres
40.% larervious

48.% Directly Connected
Time of Conc.= 23, sin,
fo= 1.36 (in.7hr.}

fc= 1.36 (in./hrld

F= 8.06 (in.)}

Time Int.= 5. min.

T {min.} P {in.)
5.0¢ €.93
18.04 8,66
15,84 8.62
20.060 6.29
25.68 8,34
38, e 8.23
33.98 8.16
44,66 g.14
45.68 8.12
58,08 8.a9
35.68 8.87
66.0¢ 8.a7
6.98 6.68¢

Total Precie.= 2.38 in.
RRINFALL HYETOGRAPH

Pk. S.ain int.= 8,62 in
Y upits= 8.83 in.

nin.
FOLEERPIIEPERIIEEIINS
S.EE
4
15, FEFEEEERRERERERERR:
20, SEXEREREEREE
25. FERERRRERE
30.FEFEEESE
35. e
48.EERRE
45 . EXEE
0. kR
3. K%

68. KRk
L I TR

T (ain) @ (cfs)
5.08 8.0
18, 64 4,93
15,04 595,74
28,04 1h47. 42
25,04 2815.27
38,404 2112.52
33.84 2817.33
41, 69 1822.54
45.8% 1623.32
58, a8 1426.36
33.04 1219.23
68, A4 1847.29
65.04 375.72
78,84 762.94
75.86 564,15
84, b4 452.81
§3.60 363.44
9,64 291,71
95. 46 234.13

164,06 137.92

189,98 158.83

118,04 121.84

115.86 57.17

122, 84 77.99

125,84 52.4H

G Peak= 2,112,352 {cf2)
Tise to Peak= 38, ain
Yol.= §,946,592.58 cf
Yol.= 1.57 in.

7 (UHIT3= E 3,> 2
.88 2.1
g.e8

‘ -----------------------
X

x

! x

H x

' x
H x
i .
H x
! x

H x

H x

¢ x

L

' x

H T

HI ¢

HE

HERS

13

s

‘e

s

ot
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SHHTRAR
EARERARKA
UREBAH
HYDROGRRARFH

LOCATION:

;652#161/4//4/ 6494;5524

STORN TYPE:
2 — Yexr-

SOIL TYPE -8B~

ARER= 1,845,886 acres
48.% Iapervious

48.% Directly Connected
Time of Conc.= 23. ain,
fo= 1.58 (in./hr.)

fc= 1.58 {in./hr.’

F= 8,08 {in.J

Time Int.= 5. min.

T {sin.: P {in.}
5.04 8.92
16,64 8.83
15.06 8.27
2886 8.17
25.48 a.13
3a. 66 g.18
35.68 4.87
48,89 8.26
45.88 #.85
58,26 §.84
S5.98 a.a3
64,88 #.83
63. 68 B.98

Total Precin.= 1,84 in.
RAINFALL HYETOGRAPH

Pk. S.ain int.= 8.27 in
Y units= R.81 in. ?

ain.
PHEPEPIEEREOEPIEEI0000
3.5

16, EXE

15, ERERREEFEERRR TR 1Y
20 EXREFREREEEE

25 EEEEREEENE

20, EREERREE

35 EREEE

48, FEEEE

45, i

50, . FEX

35.11

68, EEE
CHELEIIEEIIOEI0P0000000

T {ain.) 9 (cts)

5.08 .90
19.9¢ 8.0
15.08 179.44
26,08 441.92
23. 66 339,60
8.8 558,67
33.06 526.13

48.48 486,64
45. 84 445,84
30.08 401,75

55.68 . n
bd. 8@ 36,33
63.64 268.75

76.66 215,74
75. 88 173.13

90.68 132.96
25.04 11133
93.08 39.532
99. 68 71.99
108,88 57.67
185,88 46.29
114.948 37.15
113.69 29.32
128,460 23,93
123.84 19.21
136,66 13.42

§ Peak= 558.67 (cfs?
Time to Peak= 38, ain

Vol.= 1,662,802,99 cf
Yol.= B.44 in.
T {UNITS= L. ¢
g, 551
f.
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.

S = J('O‘\'Os\ absdcacenN

\00o0
S+10

N =

< hR L R A
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)o A7 g5 0,31 017
($ 13 037 D30 0.3
S0 )0 030 023 000
2 S 07 6.t odb o0.0)
’%b O 0.13 0.4 .06

o 05 0 o 205
Y D12 0.9 0.0 |
L{( ‘03 5,09 D07 0,03
D 03 0.0 3,07 5.03
(5 03 007 000 010
/D yE p. 00 b,bS/ .02

0,00 .6V

cS 1 DO 0/00
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URBAN
SANTA BARBARA UNIF HYDROGRAPH MODEL

“This model computes a runoff hydrograph from an urban area directly from
sucessive rainfall increments without going through any intermediate process"*

~ Some program algorithims were derived from Bernard Golding's HP-397 program
(enclosed). Equations and calculations are nearly identical.

Package includes 3 programs, the S.B.U.H. Model (program "“SB"), a data
loading program .(program "LD"), -and a hyetograph plotting program (program "PH").

a HP-41CV. A printer and card reader are also necessary.
Printer should be set to MANUAL mode for execution.
Programs contain synthetit functions and characters.
USER mode is not required for execution of any of the programs.

Robert J. Greenberg
2910 E. Lee St.
Tucson, Az. 85716
. 602-881-3558 .
Santa Batbase Unil ng/,..»w,/ L eftot " Hewsletf R etard llsess
: HfZZ##ozﬁ#éD,ﬁ%nﬂx.

”

C/ b(.b R g‘r(/;, ;A pTr D_g s Q’Qﬁ%m

*(Bernard L} Goldin ’kfg;Q

Slbaches J.M. Tz Cants Ban bara lirden /‘/,a&ro?m Ll el hed

Froc. /\/4{‘1'4’71‘/(, S 31 orv // Mo-/o Mfé
ORES mbnmﬁﬁ@%’;c D EL el

Seé{/menf'&n/?r(,

/Lf« ;t}(-'—f'f(./. C(Z /(/f« ';Lr/‘"’q
2, J Ll
C

November 19 757, , > "
(A cB.L., " HNV-Sanml~ Barhara Urban H"a&“o 3”/:[, Miebhod — Actontin,
’ ’ H?%%ff'/zc&w/ Users Cluh . 7,3 19085 9030, 2/:.) 1379

] FreeSWMM wsesX Gﬁuk/u/-f' ) /379

|
<ll Program requires a HP-41C with at least 3 memory modules or a quad module or
C!!
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JUSER'S GUIDE FOR THE SANTA BARBARA UNIT HYDROGRAPH PACKAGE

Inputting Rainfall Data: (Program "LD")

Load Program "LD" into calculator. Size must be set to at least 19 + N,

where N = number of rainfall intervals of storm.
Execute program (XEQ ALPHA “LD" ALPHA).

Program prompts "T. INT.? (MIN)". Input time (minutes) of rainfall inter-
vals and key R/S.

Program prompts "T='x' P= 2" where 'x' = corresponding time of rainfall
interval. Input rainfall amount and key R/S.

Continue until all rainfall data has been entered. To continue execution
of program, at the prompt, merely key R/S without entering any data.

Program prompts “RDY 01 of 'y'", where 'y' = total number of mag. card
tracks (2 tracks / cara) required to store data. Insert cards until prompts
are satisfied. This step can be bypassed by keying R/S 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
(i.e. 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).

e

Program prompts "CARD MO. = 'z'", 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-1. 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".
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Program "LD" may now be cleared if desired. (CLP ALPHA "LD" ALPHA).

The S.B.U.H. Model: (Program "SB")

The following flags can be manually set or cleared by the user for the
following effects:

Flag 01: When cleaﬁ?program will Tist rainfall data with corresponding time
intervals, calculate and print total rainfall amount and if program
"PH" 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 _increased and less

printer paper will be used.

Flag 02:  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 thﬁﬁ that of the rainfall event. A very approximate

L method of determining required size is:
S = INT:JP, (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,
gf{ﬁt but conditions can exist wherewmethod will give an under-estimate
ot of the required size, in whicﬁ case,program will prompt NONEXISTANT..

Program can be reexecuted by keying in a larger size and then keying
a R/S. If possible set size greater théﬁ 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
lILDN ,
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EXECUTING THE S.B.U.H. MODEL.
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When set, program will not store calculated runoff data and 5'hydro—

graph will not be plotted. A size of N + 19 is sufficient. Execution

- time will be reduced and less printer paper used. Progrﬁq“SB" can

be reexecuted without reinputing rainfall data. . m

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 "SOIL TYPE" 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 data. Execution time
. . . oL TTEE T s o
will be increased and less printer paper used. o le .

. - "
R e S A

(1)

Execute "SB" (XEQ ALPHA "SB" ALPHA). Program prompts "CARD NO. ?".
Input card number (card number = N + 19) and key R/S. If rainfall data
was previously loaded no input is required and execution will continue
by keying R/S. Program examines data registers to determine if registers
contain rainfall data and agree.wilf'card number. If registers do contain
rainfall data go to (2). Program now prompts "LOAD RAIN Cd.".
cards containing rainfall data until prompts are satisfied.

Load mag.

l
Program promts "AREA= ? (ACRES);, Input area of basin. Key R/S.

I U]
Program prompts I= ? (%):. Input percentage of basin that's imper-
vious. See Gouldings description.
” v
Program prompts It= ? (%)« . Input percentage of impervious area that
runs off directly into channel. Key R/S.
Input time of concentration of basin
Key R/S.

Program prompts Tc= ? (MIN).

in minutes. See Goldings description.

Program prompts FO= ? (IN./HR.).

Input initial soil infiltration rate.
See Golding description. Key R/S. '

Program prompts Fc= ? (IN./HR.).

Input final soil infiltration rate




{

(8)

" (12)

(13)

(14)

(15)

See Golding description. we o, vl

Program prompts F= ? (IN). Input inches of available soil moisture,
See Golding description. Key R/S. '

If Flag Ol is set go to (11). Program prompts SOIL TYPE?. Calculator
is preset to ALPHA mode. Input soil type. See Golding description.
Key R/S.

Program lists rainfall data and prints total storm rainfall amount.

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 of,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

conE}pues.when'Q is less then 3% of Q peak.
L2 Fr L

Program prints Q peak, Time to Peak, Volume of runoff in ft3. and in inches

over basin.

If flag 02 is set program will terminate. If flag 02 is clear program .
plots runoff hydrograph.

Program sounds a tone and prompts RDY Ol 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 R/s twice and execution

will terminate.
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STEP KEY ENTRY COMMENTS

COMMENTS STEP KEY ENTRY KEY CODE
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PROKE”

?5TO B¢
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ok 00 v D
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REGISTERS

fregBL msEn o 57 Rz % (1N
@2 TPEL ¢g 52 PRONPT
z 53 970 IS
e TREG 11 FRFIY 2
as T R1FE? @2
g- Py A7 Bo G0 14
@7 SCARD ng, 70 A3 301U TYPE ¥
Ba PROMFT g4 PSTR Y
g9 570 17 &5 BN
1 ENTERt E PROMET
11 ENTER? 87 OSTH Y
12 RCL IHD & 63 AOFF
13 el 69 &F 12
fa 479 12 78 = SAKTAC
15 X9y 71 AYIER
16 ¢ 72 % BRRBARAT
17 - 73 OVIEW
19 BOL THD & 74 - UKIT"
19 #2087 75 AVIEW
ECERTIIRS, 76 = HYBROGRARE-
2ieiBl 14 77 QUIEK
] 2z Bt 78 fF {2
S 27 EZ 79 amw
f 24 38 ~LOCATION: "

AYIER
ApY
any

4 =STORM TYPE:*

RYIEK

[ 26 ppy
o7 I

Aoy
CLT
£Ln
RREL ¥
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“ 35 PRRIF
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e A3 "F atres”

cLa
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.
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rrogram Listng

g'vm: KEY ENTRY  KEY CODE COMMENTS STFP  KEY ENTRY  KEY CODE COMMENTS
1 &= 113 k¢ Firectiy Con” 169 [y v
S~ 114 “knected" 178 By Az
15 PRAO 121 R0 17
—11f *Time of Lons.= -~ 172 ¥y
S 147 aRCL G4 173 LTR an
frwr “t min.- 174 Qpy
: 119 PRE o 175 Total Precip.= *
126 FIy 2 176 ARCL @y
121 RCL ®2 = 177 L in,
l“ 122 “fo" 172 Ppft
] 123 Y0 12 179 §F 2%
: 124 pCL 65 192 ¥E@ ~pH-
195 =fc 191 OF 25
' 'rIBE- YEG i3 182 .,
‘ 127 “fF= - 183 5T ag
1 122 ARCL 15 184 ST w9
l—- 129 °F (in 3" 135 CF 2%
13a PRA 196 Fiy 2
oo {3 *Time Int.z - 187 13
' [320L8L 14 136 5T 63
133 RCL 18 1294 RL At
134 HKS o {3 [-2
135 €2 191 &7+ 8
r 136 + 192 RCL 69
137 FIX @ 193 -2
13% §T0 67 194
l 139 pecL ¥ 195 £4%
146 *F ain, 186 RCL 17
, 141 FC7 83 197 »
147 PRA 198 STG ]
' (43 RCL 84 ~— 199
144 LASTE 282
145 7 201 ST+ @6
. 146 HR 282 RCL @9
147 CTQ &4 283 RCL 15
148 FI¥ 2 2R& K7
l 14§ 12 205 CTO Bt
{58 S 0 @3 208% RCL 1
151 FS? 81 267 RCL @5
' 192 CT0 &1 283 +
193 *P (in 289 3T0 1S
{54 ¥FQ 12 218 CLY
s 1554 LB‘ ae 211 570 a¢
l- 156 & o212 "0 (cfs"
157 ST+ 43 213 Xe@ 12
158 RCL @7 214 CF 29
159 57+ {1f 2154LEL @2
l 168 RUL 11 ~ 206 E
1At ACK 217 ST+ &3
‘o 1577 218 RCL IND a3
l 163 SKPLHR — 219 8T {
154 RCL IND @2 2282 ENTER?
. 169 ST+ 88 22V RCL 14
R L1 ncx ~— 222 E-f
l 167 223 ¥{=Y? -
163 ‘:vprw 224 GT0 83 Cono‘. .
K l LABELS FLAGS i SET STATUS
} 8 c 0 0 FLAGS TRIG DISP
b c d 1 ON OFF
- o O O DEG O FIX O
)_l 1 2 3 2 1 0 0O GRAD O SCé5 lél
; 2 00 RAD O EN
3 6 7 8 3 s O 0O n




. STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
- NSET T 231+ |
’ I 226 ST+ 147 202 RCL 16
227 RO 281z
222 BCL 14 M4
o 229 ¥(=y*? 295 -
fl 238 GT0 8% 286 RCL B4
231 %Y 287 2
232 - 288 +
I — 233870 ( 289 RCL 18
t ¥ 234eLBL 23 296 +
L 235 RCL 18 291 LRETY
236 5T+ 86 292 YO
_ l 237 ROL B8 292 ¢
| ; 218 -2 234 ¢
; 239 % 295 RCL 14
' 248 E1% 29 +
241 RCL 12 297 370 (@
4 242 % 298 5T+ (£
i 243 RIL 03 ~— 299 R [
. _ 244 + 00 STO a6
245 ST 1t et pCL 1Y
‘ 246 BLL 15 M2 570 15
' 247 + WAL G
248 2 104 RCL 1S
: 249 / 85 5T+ 49
. 254 RiL 12 94 RCL A9
l 251+ 397 FRC
- 252 f 08 HNS
: 253 PiL 61 329 EHD
i' 294 - — I} EZ
255 * L *
: - 25 E 312 ROL @9
l 257 PCL 62 33 INT
258 - 214 ¢
— 250 RCL ( 35 *
- 268+ e+
l 261 2O 317 AC
262 - 318 BrL e
263 (A 219 ERTER
l 264 £T0 84 120 (=07
‘ w265 RIL [ — 32 F
, 266 RCL &2 322 LG
4 7 # 323 INT
l‘ 268 + 124 7
269 £70 85 325 ¥OY
' 270+ 8L @4 124 -
q ~— 27% REL I 327 SKPCHR
272 RCL 82 328 YO
. 273 ¢ 329 ACY .
i 2744LBL 05 30 2
’ 275 RCL 98 131 SKPCHR
A 76 * 32 AV
: 277 RCL 1€ 137 /L 13
I 273 ¢ 334 RCL 10
- 279 570 { 335 FC? 62
280 RCL @6 336 STO IND @3
: REGISTERS
0 1 2 3 4 5 6 7 8 9
JdS0 S1 S2 S3 S4 S5 S6 S7 S8 S9
A B C D E 4




'STEP KEY ENTRY

|
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!
1
§

I'TOSEIIL LIDUIIG

KEY CODE COMMENTS eTEP KEY ENTRY KEY CODE COMMENTS
337 ¥¢=y? =392 cF ot
338 £TO eQ 194 PRA
339 ¢T0 {2 393 RCL @@
348 RCL 29 196 £32
341 270 &7 197 »
342 (TO @2 l9e s
343+LBL 8% | S 390 eygl oz -
344 ®CL 17 490 aQpCL ¥
345 RCL @2 a1 *F in.*
346 WY 482 PP
347 CTD @2 482 ADY
348 ROL 13 484 FS? A2
349 3 495 STOP
0y 406 LY
151 RCL 18 487 STC @8
352 ¥¢=v? 468 STO 84
© 352 670 14 489 RCL 13
=154 418 STH 01
: 55 RCL €3 411 168
9 + 412 810 @2 1
157 . 413 ciy .
352 570 IND ¢ 414 13 1
159 OTC @z 415 ST0 11 1
I6ReLBL 14 416 XROM “PRAYIST 1
€Y CHS 417¢181 28 1
362 STO IND 43 418 RCL IND 11 1
36T ALY 419 W@ 1
364 SF 29 428 GT0 14 :
e 365 0 Poak= * 421 RECPLAT .
366 ARCL 12 422 € -
367 F (cfedt © 423 ST+ 1 -
362 PRA 424 CT0 02 2
169 FIX @ 425¢LEL 16 .
‘= 370 “Tiae to Peak= ° == 426 =2 (IN./HR.}" e
171 RCL 87 427 PROMPT -
172 HNS 428 RTH .
. 173 FRE 429¢L8L 12 -
r--174 £? 420 GST) ¥ -
75 . 471 any -
376 ROL 67 =432 T (pin.) . -
w7 T 433 ARCL ¥ -
378 68 o434 °}) - .
9. 415 AcA -
00 + 436 AV ~
81 ARCL ¥ 437 RTH -
~ 182 *F nin® 4384100 13 -
383 peA 439 = - -
84 FIX 2 448 ARCL ¥ -
385 RCL 18 = 441 *+ (in,shr. )" -
136 6@ 442 PRA -
387 %t2 443 RTN -
399 ¢ 4440LBL 14 -
182 ROL 16 445 ALY —
390 * 446 ADY -
~—— 391 *Yol.= - 447 apy .
392 ARCL X 448 ALY \ |
LABELS FLAGS SET STATUS
8 © P 0 FLAGS TRIG DISP
b c d 1 ON OFF
: o OO DEG O FIX O
1 2 3 2 1+ O 0| GRAD 8 ggle g
2 O 0O RAD
5 3 7 B 3 s 00 o

—




STEP KEY ENTRY KEY CODE

-

449 2L 1L
456 F

451 -

452 E1

Robert 1, Greenibers
2918 E. Lee St.
Tycson. Az, 83716
Ph.: #R2-881-353%
7§ 7394

030
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040
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ﬁ‘o,fow\ LO

KEY ENTRY KEY CODE

COMMENTS

BleiBL LD
B2 1z

Q7 370 63

- 84 7T, INT.Z (KIND®

a5 pegNpy
A6 5T @3
a7 570 @9
a2 £2
ea -

1@ He

11 570 1§
{2 Flx e
{3eLBL BA

— 14 E

15 &7+ 82

16 °T=-

17 ARCL 69
18 *F P= 7°
19,

28 PROMPT

21 STO IND &3
22 RCL 85

23 ST+ @9

24 RCL @2

25 810 17

26 F5IC 22
27 670 aa

28 BCL 17

E3

7
¥

o

HLTRY

“CARD HO.= -
ARCL 17
PRONPT

END

Lol Gad God Gl Cad Gl Cad el 1O
N LA ek PO e DO

Robert J. Greenbers
2918 E, Lee St,
Tucson, Rz, 85716
Ph, £82-881-3558
G2 % 7394
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Program Listing

STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
ALALBL -pH- ST FIY @
l A7 SF 29 58 “min,*
a3 @ 59 PR ‘
g4 STC 63 60 XEOQ 14 ]
l g5 §T0 @2 G1eLBL @l ‘
B6 POL 18 62 RCL 89 .
A7 HNS 6 ROL 17 '
g8 ENTERY Re X{=Y7
l &9 FRC 65 GTO 14
1% E2 66 RCL 11 1
1 * &7 5T+ 88 ]
' 12 8O 68 PCL B8
12 INT 69 ¥=a? 1
14 68 78 1
{5 * 71 L%
l 16+ 72 147
{7 810 1 732
18 F1¥ @ , 24 O
l 1% 13 : 75 - ‘
28 10 49 i 76 SKPLUR J
°10LBL an 77 RLCL B8 ]
2 ROL 23 79 ACY 1
l ﬂ RCL ING @9 79 %~ ]
24 YuY? 28R ]
25 810 @3 S1eLBI 82 1
l 2% 1 % ROL 83 ‘
27 o1+ 89 0z +
2% BCL 09 84 REL IND @9
29 RCL 17 85 ¥%=9?
. 8 X3Y? 26 CLA
31 GTD ea a7 Ach
12 RCL A2 88 %M
. 33 ENTERt 85 ¥{=Y? 1
34 ENTERt 9 GTO 62 4
35 1% 91 PRBUF |
3/ 92
l 37 §T0 23 35T+ 89 1
38 19 94 60 &1 )
; 19 ST0 6% 95eLBL 14
l e GV 96 "------ .
41 = RRINFALL KYET- 97 AcH
42 “FOGRAPY" 98 ACA
. 43 PRA 99 ACA
44 apv 198 AR
45 “Pk, * 181 ADY
45 ARCL 13 | 102 LEND. ]
. 37 “kain int.= ° i ]
$8FIX 2
49 fARCL 7 Robert J. Greenbera
l 58 “F in® 2918 £, Lee St.
51 °RA Tucson. fz. 85716 1
§2 °Y unitsz = Ph.: 682-881-3553
l 53 ARCL Y B3 & 78%
%4 °F in.,
55 PRA
56 ADY
L LABELS FLAGS SET STATUS
° © ° 0 FLAGS TRIG DISP
b c d 1 “ON OFF
k : oo O] oG O | FIX O
3 2 100 GRAD O sct O
) 3 2 00| RAD O | ENG O
a M M
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l - STEP  KEY ENTRY  KEY CODE COMMENTS STEP  KEY ENTRY  KEY CODE COMMENTS
I' 001 '
: SAMHTH
l PAREBARA [ T (min) 9 (cfs
‘. s = 16.6¢ 79.6%
HYDRGGRAPH 26,04 188,42
o i8.64 189.62
l LOCATION: 43.06 182,12
i . . Sa, 00 133.99
Tocson, 12 . 6e.88  189.26
l STORK TYPE: 70,98 £3.39
1 hevt, |00 yr. 86,04 59,55
94, a8 42.599
) 162,04 38.39
l SQTL TYPE -g- : 114,08 .7
: ARER= 120,68 acres . i 128,64 15.58
48.% Iapervious 134,66 i1.87
l 35.% Directly Connected 144,40 7.0
: Time of Conc.= 36. ain, 150, 86 5.62
: fo= £.80 (in./hr.)-
fo= .52 (in.7hr.) G Peak= 189,62 (cfs)
lI F= 1.48 (in.} Tine to Peak= 38, sin
. Tise Int.= {8, atin. Yol.= 679,692,595 cf
' Yol.= 1,56 in,
l T ing P (in)
, 19,88 1.36 Y (HHITS= 1,% 4
23.08 8.7% a. 198,
. 3884 8.41 8.
: 40,94 8.24 fomm e j
58,08 8.29 !
66,08 8.13 !
l 7e.64 g.a0 ! x
Total Precie.= 3,13 in. H ‘
l RAINFALL HYETOGRAPH H :
. Pk, 12.ain int.= 1.2€ in : :
. Y unite= 6.88 in, 4 by
rin. I
'. l 10, BREERRRRERREEERERE ; H
20, REREXREEIL: i .
) KU $6314 8 1 !
. 40, FERX 1 ?
' L1 § 34 1 :
60 B 1 ! Robert J. Greenbers
------------------------ 1 2918 £, Lee 5t.
1 Tuczon: flz. 8S7{€
Ph.: £02-881-3538
tiv
-l REGISTERS )
) 1 2 3 4 5 6 7 8 9
SO S1 82 S3 S4 S5 S6 S7 S8 S9
A B C (] 13
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~. STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
SAMT M @17 49, 6¢
EAREARG G.17 79.2%
i eTr- 817 340
HYOROGRAPH 6.7 a2
8.17 24,160
LOCATION: 8,17 16,05
.17 12,26
STORM TYPE: 2 Peak= 511,87 (ofs)
: Time to Peak= 74, wnin
Yol,= 2,522,634.26 of
Yol.= Q.82 in.
- SOIL TYPE -C°
ARER= £50.8@ acres LU RR R PR A
2.7 larervicis 8. 311
S8.% Directly Connscted a,
Time of Conc.= 45, min. ittt ekt it !
to= 5.80 (in./hr.) :
fc= 8.29 (in./7he? ®
F= 2.86 (in.) P
Time Int.= 1€, win. 3 i
T (ain.) P (in. ' :
12, 08 8.62 : :
26, 6@ 8,65 i
28,00 .11 : :
48,08 8.28 ; :
56. 04 B.28 ' .
68, 48 8.24 ' d
74,82 g.11 !
9@, 69 2. 1@ : :
%, eq 8,85 :
148,08 g.ey i
118,08 a.a8 P
Total Precie.= {.21 in. f z
r o
T (m.:i/ ¢ (cfs) i
.17 g.en i
BT 1e2
8.17 22,01
8.17 169,72
.17 336.92
.17 456,65
817 511,87 1
e.17 436.47 Robert J. Greenbers
6.17 $38.53 2918 £, Lee St. 1
#.17 354,25 Tucson, Az, 89716
6.17 292,42 Ph.: 642-881-3558
) 8.17 232,94 G % 73%4
oAz 167.15 )
T a7 149,72 cev 1
l 5‘ 6,17 119.72
N a7 95.8x
N .17 76,56
' I % Y R % P
l LABELS FLAGS , SET STATUS
A [° © 0 0 FLAGS TRIG DISP
a b c d 1 ON OFF
o0 O}| peEG O FIX O
.0 1 2 3 2 100 GRAot[:jJ ggu(;g
2 0O O| RAD
> s 7 8 3 300 n
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SANTA BARBARA_URBAN HYDROGRAPH METHOD -

,..,..\.,_«

Program Title

Contributor's Name Bernard L. Golding _ . SRR —

City ~___Orlando State Flor_i_d_a,______ZipCode_3_2_8_ll_____J

\_.

-

Program Description, Equations, Variables .

GENERAL : ;
_The Santa Barbara Urban_Hydrograph Method (SBUH Method), developed by

James M. Stubachaer, F. ASCE, of the Santa Barbara County (California) Flood

M

A, Jeé

Control and Water Conservation District (1), computes a hydrograph directly without

going_through _any intermediate process, as does the unit hydrograph_method.

_____The_SBUH Method is in many_respects similar_to_some_of the time-area-concentra-

tion curve procedures for hydrograph computation in which an instantaneous hydro-

graph_in a basin is developed and then routed through an element of linear storage _

to_determine_basin_response.__However, in_the SBUH Method, the final design_(outflow)
hydrograph is obtained by routing the instantaneous hydrograph for each time period

(obtained by multiplying the various incremental rainfall-excesses by the entire

watershed area in acres) through an imaginary linear reservoir with a routing

the_djfficult_and_time_consuming process of preparing a_time-area-concentration

_curve__f__o;_the basin_is_eliminated.
— A step-by-step_description _of the_basic_SBUH Method_is_given_below:
—— 1. Runoff depths for each time period are calculated using the following

equations: :

(1) Impervious_Area Runoff - R{Q) = I P (t) (inches)
(2) Pervious Area Runoff - R(1) = (I-I)[P(t)-f.l (inches)

(3)__Total Runoff Depth = R(t) = R{(0) + R (1) (inches)

_where,

f =_infiltration during_time_increment At_ (inches)
I_= Impervious_portion of_drainage basin__(decimal) )

L_ -

=

l This program has bgen 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.

j l constant _equivalent. to _the_ time_of concentration of the _drainage_basin. Therefore, .
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At = Incremental time period (hours, i.e., 0.25, 0.50, etc.)

e 4 e ooy

_?;_ The instantaneous hydrograph is then computed by multlply:ng the total run-

l | i

}" off depth R(t). for each time perlod t by the drainage basin area A in acres and |

; I
o leldlng by the tlme tncrement At in hours

e g e P m——n — -

o ....(ff*).A HOKE R(t) A/At - (cfs) I e o
| (Note that as in the Ratlonal Method _we have. lgnored the conversion factor

1. 008 WhICh was orlgnnally lncluded in equation (4) in Mr. Stubachaer's report )

e e i b o— i o
1

3. The fnna] des:gn (outf]ow) hydrograph Q(t) is then obtalned by rout:ng the

f ; !

__;ﬂ lnstantaneous hydrograph I(t) through an lmaglnary reservoir with a time delay _%
; | i i
equal to the time "of concentratlon (T.) of the drainage basin.. This flood e

routlng may be done by use of the follownng equatnon whlch |s subsequently _

H i
H

!
_S{es'veds__. i
]

i l : i ;

e _.é...___. _: - ._._..,r ——— e B aven B o e 1

i : . . | t

e e+ emmemmme s meemiecn = e PR

i
|

'2T + At

i ; i ; i 5 i T ~ e )

e i — 3 —— b —nis e L mea . mnbaames s bemm ae
e+ e v :
i T

i and where Te Tlme of concentratlon of ‘the ba5|n (hours) 1__:§M e {_“vim__

ln the SBUH Method, the |mperV|ous portton | of the dralnage basnn IS cons:dered

! to be that dlrectly (hydraul;cally) connected portion of the smpervuous area, ‘
‘ I i : ) ',

%_ ) 5 Also, in the SBUH Method, all of the rain wh:ch falls on thls lmpeerOUS

portlon of the basnn is con5|dered runoff except for the flrst 0.1 |nch (depressnon

% storage) which is automatlcally subtracted from the rainfall in the program.

m—g e e o - . R ————

i
|
)
|
i
|
1]

. INFILTRATION: . . - - -

? - In this program for the SBUH Method, infiltration is computed in accordance with

! the relationships illustrated on Figure 1 as first described by Holtan and developed §

?mand_presented by Terstrlep and Stall(Z) . ln this methodology, it .is assumedwthat.an_J

i
1
i
1
i
1
1
i
i
LI QEZJ e KL.@ ;{;.<;> A
1
i
1
1
1
i
1
1
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: lnitiai (Maximum) Infiitration Rate fo in inches per hour is available.in the soil
“mantle when rannfall starts whlch drops of f exponentially with tome as the voids in
the sorl become fulled with water to some Final (Constant) iInfiltration Rate fc - alsq
|n.|nches per hour _ The total cross- hatched area below the Infiltration Curve and |

above ‘the F Funal (Constant) Inflltratlon Rate line (=S) represents the total. _available

_water storage in the sonl mantle As shown on Flgure l, this Total Available Water
i

Storage Capacnty, Slvln the soil ln inches is_ dlvnded lnto two parts ) the water ..

already stored in the soll when rainfall _begins (F) which is the result of previous __

[ ralnfalls,_and 2) the actual Available Storage in the Soil (S-F). Of course, if a

long dry perlod preceded the start of ratnfall, the total .area (actually a volume)

under the lnflltratlon Curve (= S) would be avallable for water storage _in the —
: !

_oomputerwprogram,the‘1nf|1trat|on_fmshown_on_Fugure 1, .is computed by the Horton [
: : ! ’ ‘ : : : E : !

equatnon '_“ ' j ! ; ; % ; : ' U OO SN

e e et R e i e ————— ——
! i !
i
i i

[ f fc + (fo-fc)e F_<t

- Whe re JENESR RS IO USRI IO SN RPI SR S PR APPSR — [__-__.,__
. : : R i i ‘ Co i : Lo L !
. l__+ f=infiltration rate at some time t after the start of rainfall, inches -
RS R N - SR
i —_T -_.:_...per_. ?ur. .“T—_ __,!,__ .-_;__-, ;,...__.%___....i ST - .r ‘I e
— E.;_m?_£0_=“initial_infiltratfon.rate,,inehes per hour . . . é —
e ! i ' . : : : : : i ; ' : i
L. i fc= final constant infiltration rate, inches per hour . . . . ...
: ; ; : . i : : . ; i ‘ i
— k=a shaoe factor (=2) _.... ... .. . U SRS

i i . ! : .
base of natural logs .. . ..: i e e

[}
"

_.In using the SBUH Method, the Standard Infiltration Curves for each of the four

é general U. S. Soil Conservation Service Classifications (A, B, C and D) shown on
%»Flgure 2 as orlgtnally established by Terstriep and Stall as modified by Golding (3)
"~ can be used to compute infiltration. Standard Antecedent Moisture Condltlons for —

. these four types of soils, as also establlshed by Terstrcep and Stall and whlch are

iusubsequent!y discussed, can be used to determ:ne F.

I
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N
rPrograanle __S.AN_UB_.QARBARA__URBAN HYDROGRAPH_METHOD . e

Contributor's Name _Bernard L. Golding

Address _ 8982 Islesworth Court
City Orlando State Florida Zip Code __32811 )
\

8 )
Program Description, Equations, Variables v i

The various factors used to compute the Standard Infiltration Curves shown on

Fiqure 2 as established by Terstriep and Stall for each of the four SCS Standard
HyerngLQ_SOLJ _Groups_are_listed on Table 2.

_____The four_antecedent_mojisture_conditions listed_in_this Table. - - Bone Dry (Con=___
dition 1), Rather Dry (Condition 2), Rather Wet (Condition 3) and Saturated (Condi-

tion 4), are dependent on the total rainfall that occurred during the five days pre-

ceding the particular storm (Antecedent Moisture Condition) as shown in Table 3.

In_this_computer program, the infiltration f, at some particular value of F, is

first computed for the particular Antecedent Moisture Condition by first summing up

incremental volumes under the curve for increments of 0.01 hour, computing a second

: l valu___o_mf_LLtca_LLon_tz_a_t.J_ns:_LQmm:gJ_ume_A_ t_later and then averaging the two

computed infiltration values.__To_compute rainfall- excess_fnom_xhe,chVLQus_argas"_
this average infiltration over the At time period is then applied to that rainfall-

excess increment during which time element a total rainfall of 0.1 inch has fallen

(depression_storage).
Theoretically, the 0.] initial depression storage 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 equal. As this procedure program

applles the infiltration curve immediately after rainfall begins and the 0.1 depres-
sion storage has been satisfied, a storm with small initial amounts of rainfall fall-

ing over an extended period of time will cause a premature reduction of the infiltra-

tion rate (a decay of the infiltration rate with time), which will result in higher

runoff than would actually be the case. However, since the infiltration accumulated

n_the soil matter due_to_antecedent rainfall (=F) is very broadly defined and since )

This program has been verified only with respect to the numerical example given in Program Description 1. User accepts and uses
this program material AT HIS OWN RISK, in reliance solely upon his own inspection of the program materiat 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.

sﬁ_w —— ~—-———————-———-——-—-——-———-—J S —————————

-
e
[

o
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(
Program Titte ___ SANTA BARBARA URBAN HYDROGRAPH METHOD

Address 8982.1slesworth Court
City Orlando _.State -Florida  ZipCode __ 32811
\_ Y,

N
ﬁ’rogram Description, Equations, Variables

the pervious area contribution is generally small, this induced error is normally not

significant.

REFERENCES: . .
(1) _Stubachaer, J.M., 'The Santa_Barbara Urban_Hydrograph_Method', Proceedings,

National Symposium.on_Hydrology and Sediment Control, ORES_Publication,--
College of Engineering, University of Kentucky, November 1975.

—(2) Terstriep, M.L. and Stall, J.B., "The_lllinois_Urban Drainage_Area
Simulator ILLUDAS", Illinois. State Water Survey, Bulletin 58, State of
I1linois Department of Registration_and Education, 1974,

— (3) Golding, B.L., Personal Communication with. M. L. Terstciep, January 18,
1978.

NOTES:

(1) SHAPE (DECAY) FACTOR K IN HORTON'S EQUAT.LON MAY BE CHANGED FROM 2 IN
PROGRAM TO OTHER VALUES BY DELETING 2 FROM STEPS 11 AND 62 OF PROGRAM
AND PLACING OTHER VALUES AT SAME LOCATION.

(2) DIRECTLY (HYDRAULICALLY) CONNECTED IMPERVIOUS AREAS ARE THOSE (MPERVIOUS

AREAS WHERE RUNOFF THEREFROM DOES NOT FLOW OVER A PERVIOUS AREA BEFORE
REACHING AN ELEMENT OF THE DRAINAGE SYSTEM (STREETS WITH CURBS, STORM
DRAINS, ETC.). '

L..._.-._._.____.“ R P e - . —— - )

—— ]
This program has been verified only with respect to the numerical example given in Program Description ll. 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-
TIA%EDAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
MATERIAL,

15
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i |

DERIVATION OF ROUTING EQUATION: ‘ : . . . .u;

! ;v“}; Consider aﬂlinear,reservoir w}th a definite storage S such that the storage f

. :"is directly proportional to the outflow, ST O _ R § el

Outflow;(O)

Sa

Storage (S)

i 2. Slope of Storage Curve T = E_A_QS_ = Flow travel Time(1) .
; . : : } ' ' \ 2- ] : :

L4 . inReach =Time Delay . . .
5 . . | : : : . . ) o :
i e e A S.__ - —(—QZ -Ql) e i ... in Reservoir . __ SRS S

—- - [ R ———— v;.._... . R e ——

3. Substltutlng in the General Storage Equatlon -

- — R ..__,_ -

T (g - o) = Bs - by Ac

- -.i_ — e - N e e Ll
. B ' " H 2 2 ' i ‘ H ‘l
i » f : ! ’ ' . : . : : ; '

PO U S a————

i

i

! ‘ : . . _..5 : E ) ' : . ’. .-_..i - .' - ! : - B , . i
! : ' : H : : . . R :
i

1]

_.-LM_QQ. Fr om thch ;aﬁ_be;derivedmz ;”. S Ut WU NP
’ 4 ; . '; ; s i = ~ j ! ? ' : '.
:. - e — e _ f....A.._. Qz = _Q + K ( l ‘ + '2 - le] ) ...-_.: . ...

'. e : .__,i,_..._. S where K A t _:_._. - e —— - : - - .: e . - : .

: S S A - L ] S
(1) Flow Travel Time = K in

Muskingum Method

l t -—— - where T. = Time of concentration = pme s
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Program Titte ____ SANTA BARBARA URBAN HYDROGRAPH METHOD  ~ ~— N R
Contributor's Name Bernard L. Golding
Address » 8982 Islesworth Court
City Orlando State Florida Zip Code 32811
\. y,
4 )
Program Description, Equations, Variables Table 2
Factors_Used_For Calculating_The_Standard
Infiltration Curves_For Grassed_Areas
ltem ' Value
Hydrologic sail_group USDA_des.ignation A B c D
Final constant infiltration rate f. in.per hour_ _1.0 0.50 . 0.25 n.1a0
Initial infiltration. rate, f,, inches_per _hour__10 8. 5 3
Shape factor, k, or infiltration curve B 2 2 2 2
Available storage capacity, S, in soil mantle,
inches, for four _antecedent conditions
—__Bone dry, condition_l 4,3 3.4 2.3 1.3
Rather dry, condition 2 , 3.4 2.8 1.8 1.1
Rather set, condition 3 1.9 1.4 1.0 0.6
Saturated, condition 4 0 0
Infiltration_accumulated, F, in soil mantle,
inches, at start of rainfall
___Bone dry,_ condition 1 0 0 0 0
Rather dry, condition 2 1.9 1.4 1.0 0.6
Rather wet, condition_3 3.4 2.8 1.8 1.1
__Saturated, condition 4 4.3 3.4 2.3 1.3
— e e e e >
4 R
This program has been verified only with respect to the numerical example given in Program Description Il. 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. . )
S S

15
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| = Program Deseription |
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Program Title .___SANTA_ BARBARA_URBAN_HYDROGRAPH_METHOD_. _____ e
' Contributor's Name __ Bernard L. Golding N
Address . 8982 Islesworth Court
w City Orlando State____Florida______ ZipCode __32811____ J
\_
' Program Description, Equations, Variables Table 3
Antecedent Moisture Conditions_For
' Previous Areas (grass)
I Total rainfall during
' 5 days preceding storm
l Description . (inches)
Bone dry 0 .
I Rather dry 0 to. 0.5
Rather wet 0.5 to 1
' ' Saturated over 1
\_ - - e J
by —
’ This program has been verified only with respect to the numerical example given in Program Description I, 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.
i NEITHER HP NOR THE CONTRIBUTOR MAKES ANY EXPRESS OR IMPLIED WARRANTY OF ANY KIND WITH REGARD TO THIS
{f 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-
I TIAL DAMAGES IN CONNECTION WITH OR ARISING OUT OF THE FURNISHING, USE OR PERFORMANCE OF THIS PROGRAM
i MATERIAL. )
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> 'S = AREA CROSS-HATCHED BELOH

ek SOIL, INCHES

_7 T e | :
- fbmﬁJ - ¢ Q INFILTRATION CURE - -
INITIAL o e L

~ CURVE EQUALS TOTAL STORAGE o

RATE;_INCHES/HOUR_"_L_W;Mw_j“m;4
\\\‘\\\i\\\‘!\\\\;\\\g N\ T\\\}\\ \iﬂ A) ‘;\\\ AR RRRIY \—v\ TEEYY
3
|

|

|

|

!
LLZ2LL2Y L2

—_ R ALREADY ...:-, R S ' A - -: _._.«i b —_— - ...; ._5_._ R :
b STORED. }—Ff | | AN S S T
_I_.I_, -_IN_§QIk.. i I SRR SN _ui."A

| i i ’ | f |

—t — AVAILABLE“'“‘}“"§ : | 5

R — l—d |- -STORAGE - — a“;, | i

Ii SOIL, INCHES |

//II/lII/IIII/// IIIIIIII L LA

I
1 I ! i
INFILTRATION !

SN — FINAL, “CONSTANT

INFIIIRATIDNARATF

— . - —_ - . R P

- TIME, wWours

DIAGRAM OF INFILTRATION CURVE AND INFILTRATION : -
RATES AS RELATED TO STORAGE IN SOIL , |

FIGURE 1

.
— -

v ———

l
L
i
i
!
L
1
|
L
1
J
i
1.
i
l
§
1
I

o | |
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-
—
(o
——
]
i

!
i

o S i S iy s ek

I

NCHES. PER HOUR -

i

_INFILTRATION RATE,..

]_,

|
|-

- e TINE, HOURS
FIGURE 2 -STANDARD INFILTRATION CURVES FOR |
_'GRASS FOR USE IN THE SBUH-METHOD = . . . !

R N R T T
£,
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=

[
PROBLEM: COMPUTE_IHﬁ*BUNOEF HYDROGRAPH FROM A 245 ACRE URBAN BASIN SUBJECT TO THE

I T ' T 7 )
._t-

FOLLOWING lSerNUT RAINFALL INCREMENTS,__WHE IOTAL ACCUMULA?ED RAHNFALL AN
!
HE 5 DAYS PREC.DI NG THIS RAINFALL AMOUNTED 10 0_75 INCHES (RATHER WET -

: CONDITION 3)l | g s ; :
| ' | I
E Hcme Tim; 'anremental Time . Time ! ; Iécremental
ilncrement: ! Rai'wfall IP(t:) ng_l!'gmtla,_rl_t;_i . : Raanfall P(t)
. (hrs) | G {1 SO O B I )
(o A
1 0.25 0.09 13 3,25 0.21
2 0.50 0.09 14 3.50 0.21
3 0.75 Q.10 15 3.75 0.15
4 1.00 0.13 16 4,00 0.13
5 1.25 0.14 17 L.25 0.13
6 1.50 0.14 18 4.50 0.11
7 1.75 0.24 19 4,75 0.11
8 2.00 0.26 ) 20  5.00 0.11
9 2.25 0.93 12 5.25 0.11
10 2.50 0.99 | 22 5.50 0.10
11 2.75 0.26 23 5.756 0.10
12 3.00 0.26 24 6.00 0.10

—  FINAL_INELLTRATION RATE fc=1.0 .in/hr, ACCUMULATED _INFILTRATION F=3.4 in);_
. THE_TIME OF CONCENTRATION .OF_THE BASIN.1S 25 MINUTES (0.42 HOURS)..AND _THE__

".—THE_SOIL IN_THE BASIN_IS_TYPE A_(IN[TIAL INFILTRATLON RATE fo = 10 in/hr,

DIRECTLY CONNECTED..IMPERVIOUS AREA AMOUNTS.TO.15%_(0.15)_OF THE BASIN.___

SOLUTJON:_1) _LOAD PROGRAM (BOTH SIDES OF MAGNETIC_CARD)

— 3) 245 _STO_] _ 10 . STO_A

~2) INITIALIZE, PRESS D, READ 0.00

0.15,_ST0_2 1.0, _STO B..
. 0.25, STO 3 , . 3.4, STOC K
N 1
0.42, STO 4 :

. _4) PRESS_E, ___READ_0.00000000

(SEVERAL_MINUTES RUNNING TIME REQUIRED)

Page 11 of 15
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Page 12 of

} ————— —
sy ENTER RAINFALL, INCREMENTS | THEN' succasswe ZEROS. [
w i » | L : 1 | L 3 N R, i____«___l o
L INPUT-RAINFAL_ N D . _ OUTPUT-HYDROGRAPH ORDINATES (CFS)
' L L 109 oy eRESSR/S | L 0 | )
4 4.09 | i | PRESS R/S_ i 2.70 L
L1 otao | 0 1 ieress /s | 7.53 |
I Ll b bt eress /s BT | |
- | [0 4 demessR/s . | 1551 NN
l I L PRESS R/S - °17.83° -
.24 PRESS R/S 22.47
m 26 PRESS. R/S 29.02
93 . ... _PRESS R/S ___._____ _ ___183.32
‘ .99 PRESS._R/S 431.37
.26 PRESS R/S__________ k16.57
26 PRESS R/S 245 . 41
' .21 PRESS_R/S 150.05
=21 PRESS_R/S 95.38
' 2150 _PRESS R/S. . 8397
ﬂ w3 _PRESS R/S . 43.96__
m ESL PRESS R/S 32,56 L
| R ~ PRESS R/S 25.72
l\ N PRESS R/S _21.34
o B PRESS R/S 18.97
I 1 . PRESS R/S .17.68
‘10 PRESS R/S 16.65
.10 PRESS R/S C15.76
' .10 PRESS R/S _15.27
0 PRESS R/S 11.64
') 0 PRESS R/S 6.30
0 'PRESS R/S i 3.4 ]
' 0 PRESS R/S 1.85
0 PRESS R/S 1.00
I ) o ©  PRESSR/S 0.54 ]
_0.__ .. PRESS R/S _ 0.29 .
l 0. PRESSR/S__ . .. ___._ 06 . __ .
0. _PRESS_R/S_____._ 0.09_ .o
0 PRESS.R/S__ . . ___ __ 0.05
' PRESS R/S . .,.,0.-'03.._-__
_

15




1 0z940p

User Instruetions

Page 13 of 15

i

' SANTA BARBARA URBAN HYDROGRAPH METHOD
' STEP INSTRUCTIONS DA"I'b:A‘;SPIITS KEYS of&ﬁﬁfrs
ltLoad-Program{Sides.1 £ 2) :j l::]
I 2.] Initialize (clear all registers) [ 3@ ] Jo.00
3.1 lnput Known Values [::l [:::l
\ _a) VWatershed Area A (Acres) | [stod 01
l b) —lmperviousPortion Watershed I (Decimal) [Sm PR
c) Time lIncrement At (Hours) [stoJ 3 _1
w L&) Time of Concentration Tc (Hours) [E(D [D
: e) Initial Infiltration Rate fo (In/Hr) @ [A—_——:'
f) Final Infiltration Rate fc (In/Hr [-—S‘T-Tl [B-—j
ﬁ' g) Accumulated Infiltration F_(Inches) [sto ] [c_]
4l Start Program ' ' C_—J G {o0,0000000
5.1 Place First Rainfall lIncrement P(t)(ln/At) ] Q, cfs
. in X-Register [::l [::] '
6.} Continue tao place successive P(t)(in/aq) L Jlrss] Q cfs
w Rainfall lncrements P(t) in X-Register C 11
_one at a time untill all entered. Then E: [::]
- successive zeros. :] [:]
. 7.] To compute new hydrograph; go to Step 2 ] ]
C_ 0]
l\ I
1]
| )
| C_J[__]
1 CIC
- )
C_ 1]
* C_JC_]
ol C_10__1
C_1C_]
CC) i
(1 __] |
C_JL ]
C_1C_1
C_1C__]
101
C_]

|




YL TV

rogt

‘A

Lasung 1

Page L of

r

]

15
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
[oor f£LBLE | 3125 051 | 10 17 33 01 Plt)
RCL A 34 | fo X LBL B |3] 25 12
RCL B 2417 | fc RCL 3 3403 | At
= S| | (fo-fc) %0 FST0t8 (336l 08 t=£0% in RB
ST0 D 23141 (§o-fc) io RD /I RCL B 2408 |+
: ~ 3] . 712 02 ] K o
0 001 O , A 1 Kt
| oLl .t IN__[CHS 42 | -kt
STO*BY [ 236108 | t=>£At in RE N aeX 27 52 -Kt N
910 RCL 8 || 3408 te<£nt NJ_RCL D 24 14 | (’ro fc kt
2 (zK) 2] k. _ T RX Tl k e
X S 1] Kt RCLB | 3412 {' <t
CHS /421 -kt | + &l fe= fg*’(f’o e
ge X 3252 | ekt _.loe STO E 33 1S $z in RE .
__ RCLD 34 14 | (fo-fc), o RCLC 34 3 .
X | $-fc-= (’ro—&) Kt + Gl | it i
3 ST0 E 33 | | 2 02,
| . B3] . £ 81 &+&Qk
y 0 00| 0 =At RCL 3 24 03
% \ (T X 1 fmmt( {m)
X L1 (£-4c) At SI0 5 2205 i RS . _
al ST0t3 |32 61 0 £(§-1c)Ot in RY RCL E 24 15 2
' RCL 9 2409 ] £(%-c) STO C 3313 | £, becomes |,
: | RCLC 34 | F 080 RCL A 2401 PR N
[ 9 %24 228 R RCL 5 2405] . ¢
, GTO E 22 15 | (Ye9) ) - Sl Pl -4 :
, —| RCL E 34151 [No) {-fc l 0l \
= RCL B 3421 fe RCL 2 2402 | 1 .
i; ST ] 4 i RC X ol L('f;(&) (-1)=R!
(930 | Voin , - jll-dj=
| 0 00 £%<0 3] 11
t | DSP 9 220 GI0 2 22 02|
: S $1BL | [31250 RCL T 24 (07 P(L) o
-' R/S 84 . i C0 RCL 2 2402 | .
STO 1 3307 P} in R7 X 1 it) ‘I =R0O
o DSP 2 2302 + 6l Rl - RO‘fRI
] \ l 0l o GID 3 22 03
1 ] _ -2 I x f£BLg 1312502 ] . P
hST1 35 33 RCL 1 34 07 PM o
0 RCL (1) 3424 264 RCL 2 402 I _
. B3] . | X U] R} =PRI
1 0l ). ; £1BL3 (3] 25 03
0 _00] 0 RCL | 34 0[ A
axX7Y 32 8| 755 X g1} R{t)-A
GTO_A- 22 11 {m} “RCL3 32 03] At
GTO B 2212 ] (NO = 8L} Iy RIL)-A/bt
£LBL N[ 312511 "SI0 1 23071 Tl w k7Y
RCL 1 | 2407 Plt). RCL G 3406] T(i S
ST (i) [ 33 6l 24 p(u n RI- + el | T(t-0+It)
G RCL[ [ 342 o) RCLO 3500] Q)
y | : 83 ] . 2 02 |
L 1 ol ] 1 X i a«%(t-t\
{ 0 0 0 - 51| [T{t-)+Tn) -2®(t-|)]
¥ | _9%R2Y 22 81 110 RCL 4 34 04 Te
3 | G10 C 22 13 | (NES) 2 2] =2
= 511 (NO) X_ 1M1 2Te
; ) REGISTERS - -
i seo || A [T P at [PTe Piegat fI0) PR Pear [B-f)At
SO0 Sty S2 S3 S4 S5 S6 S7 S8 S9
~ ¢ plt)
. 8\3 '_ ] ) L) D |4
% %o ' fro/ e e l F o /F U“‘o"t.c ({ '{c\ ov 'fl




- e

5

02946p  Program Listing 11 Page 15 of 15
STEP KEY ENTRY KEY CODE COMMENTS STEP KEY ENTRY KEY CODE COMMENTS
TEY RCL 3 34 03 ot
2TetDdt 170

T

RCL 3 3505] ot

h =Y 3552 2T +At

; g:*“%”ﬁ%%ﬂ |
K[L(t-)+1(t) 2@t |

RCL O 24 00 ek

5 + bl gt)Quﬂm
ST0 O 33 00 +S in
RCL T %4 ‘s
STO 6 33 06 I(t. n RG
RCL O 34 00 180
G100 | 22 01
v 1 £1BLC |31 2913
i Q D0
GTIQ | 22 0]
£\PLD |3 25 14
™ CLX 44 TnmauizqmioN
l £ CL REG 21 43 RouTiE
£ P%S 142z :
: £ CL BRFG 3143

h RT 3522 190

140

e

s 200
.:/l\
[
:i 210
160
' | 220
‘ LABELS FLAGS SET STATUS
. 8 C D E 0 .
FLAGS TRIG DispP
a b c d e 1 ON OFF
o O DEG & FIX &
1 2 3 4 2 1 O R’ GRAD O SCi O
2 0O B8 RAD O ENG O
5 » 6 7 8 9 3 a M K Z

. n
R, —




November, 1967 ' HY €

From these frequency curves, values of C for recurrence intervals ot 1 vr
and 10 yr were obtained using Eq. 7. These are presented in Table 3. Since
the average increase from C. . to C,,,, for six of these areas amounts to
only 10%, from a practical view it seems reasonable that, pending a better
approach to the problem of estimating design runoff rates for urban areas,
constant values of C. equivalent to C, vy OF perhaps C,, ., would be adequate
for design use. ’

One of the major criticisms of the Rational Method arises because th:
observed C for individual storms usually varies from storm to storm, This
variation is sufficiently great that the Rational Method should not be used to
estimate the peak runoff rates for a particular storm. A method which woui.
accomplish this would have toinvolve antecedent conditions and other variables
of both the drainage area and the rainstorm that caused the C to be differer:
for each storm.

A statistical analvsis was made of the apparent convergence of rainfall
and runoff frequency curves. It was first assumed that both C and I could be

TABLE 3.—-C-FACTORS CORRESPONDING TO 1- AND 10-YEAR
RECURRENCE INTERVALS?

Drainage ’ C c Percentage

Area ' 1 Lyr Increase

(1) | (2) @) (4)
Gray Haven 0.42 0.46 10
Newark 9 . 0.91 ] 0.99 9
Newark 12 H 0.69 N 0.76 10
Northwood ] 0.66 0.67 2
Swansea 0.36 0.61 3
Yorkwood South ! 0.44 0.51 23

Average 10

* % The assumption that lg 7ty was made in determining the values of C in this table.

regaraed as random variables. Previously it was found that log I was approx-
imatelv normally distributed. A study of the data for 36 storms on the Swansc:
drainage area suggests that log C also may be approximately normai. If bot:
log I' and log C were normally distributed, and if 7 and C were statisticall~
independent, then log () also would be normally distributed. The variance ::
log @ (which determines the slope of the runoff frequency curve) would then i
given by the relation

Varllog @) = Varllog ¢) - Varllogc 7) ... ... ... ... ...

The Swansea data were studied to see if Eq. 8 could predict Vartlogt/ -
The value obtained for Var(log ) from Eq. 8 was 0.0497, and the value ot-
tained from the runoff data tor Var(log ¢) was 0.0434. Because there is .
slight correlation in the data between ¢ and I, these values are not expecté-
to agree exactly.

The average values of C for storms having 5 min average rainfall int¢: -
sities greater than 3 in. per hr are presented in Table 4. For comparisc:

Y6 RATIONAL METHOD EXAMINED

-alues of C, . also have been included in Table 4 for those areas where fre-
pency distributions could be plotted.

It should be noted that the C in Eq. 7 is a function both of t; and 7. It was
jpserved above that C may be assumed to be nearly constant for a range of
qlues of 7. Because C also is-a function of #;, the values of C presented in
rable 2 depend on the assumption that ¢, = ¢,. If some other time variable,
ather than ¢;, had been used to estimate ¢, different values of ¢ would have

TABLE 4.—AVERAGE OBSERVED C-FACTORS FOR THE GAGED
DRAINAGE AREAS?

/"

Drainage Area Average C-Factor Covr

0.45

Gray Haven
Hamilton Hills 2
Hamilton Hills 3
Hamilton Hills 4
Hamilton Hills 5
Midwood 5
Montebello 2
Montebello 3
Montebello 4
Montebello 5
Newark 9

Newark 12
Northwood

South Parking Lot 1
South Parking Lot 2
Swansea 1
Uplands
Walker Avenue
Yorkwood

.
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2 The assumption that £, = f; was made in determining the values of € in this table.

heen 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.

RELATIONSHIP BETWEEN ¢; AND THE PHYSICAL
CHARACTERISTICS OF THE DRAINAGE AREAS

The average time lag between the centrmd of the rainfall hyetograph 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 of the drainage area, and certainly many other factors which have not

been considered herein. A relationship tu estimate the average value ot f; for
idrainage area is indicated by

tp = Imp, L. S) ... ... e e e (9)

‘n which #, - the average lae time, in minutes, Imp = the imperviousness of

the drainage area, L = the length of the main drainage channel, and S = the

» re Amm: »

&
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sirpe 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 larges:

drain to an upstream inlet. To this length was added the length of paveq
gutter contributing to the storm water inlet. The slope, as a percentage, wag
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 fort, because it represents a measure of the nature of the surface
of the drainage area. It appears reasonable to believe that factors which af-
fect 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 Iy.

A multiple regression analysis of the data for 19 gaged urban drainage
areas was made to obtain an equation for/;. The Cincinnati area was not in-
cluded because sufficient data were not available for this area. An equation
of the form

was assumed. The regression analysis was made using this equation re-
written as

log 1 =log K +alog L+ hlog$S + ¢ log Imp

and values for log K. a. b. and ¢ were obtained from the regression, The equa-
tion which resulted was

i = 1.05 jo.24
! T TOE Impeee »
A slightly different equation for t; appears in Technical Report No. 1 of the
Storm Drainage Research Project? Additional information was usedto obtain
Eq. 10 given here. The multiple correlation coefficient between the estimated
and observed values of f;was 0.85. About two-thirds of the estimates of t; from
Eq. 12 are expected to be between -22% and +13% of the true value of t.
The range of values on which the equation for ¢ is based are: (1) Imper-
viousness of the drainage area greater than 8%; (2) average slope of the main
drainage channel greater than 0.5% and not greater than 6%; (3) length of the
main drainage channel greater than 150 ft and less than 6,000 ft; (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 {; are estimates of the average value of f; that would be obtained from 2
number of storms. Vilues observed for individual storms are dependent on

8Schaake, J. C. Jr., Geyer, J. C.. and Knapp, J. W., “Runoff Estimates by the Ra-
tional Method,” Technical Report No. 1, The Storm Drainage Rescarch Project, Dept.
of - Sanitary Engrg. and Water Resources, The Johns Hopkins Uriv,, Baltimore, Md..
1964.
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the nature of the individual storm and will not necessarily equal the average
value.

RELATIONSHIP BETWEEN ¢ AND THE PHYSICAL CHARACTERISTICS
OF THE DRAINAGE AREAS

The average observed C -factors given in Table 4 are highly correlated

with the imperviousness of the gaged drainageareas. (The simple correlation
coefficient between sample values of C and Imp was 0.91.) A linear equation
relating these variables was fitted toobservations of ¢ and Imp from 18 gaged
areas. The resulting equation accounted for 83% (0.912) of the total variation
of 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 $ 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=a+b (Imp) + ¢ (S)
was fitted to the observeddata. The equation obtained from the regression was
C =0.14 + 0.65 (Imp) + 0.05 (S)

The multiple correlation coefficient obtained was 0.95, which means that more
than 89% of the total variation of C has been accounted for by the regression.
The standard error of estimate of C was found to be 0.074,

The possibility of obtaining improved accuracy by considering terms in-
volving (Imp)?, (S)?, and (Imp) (S) was investigated, but the multiple correlation
coefficient could not be increased above 0.95 nor the standard error reduced
selow 0.07. :

Because it is possible that Eq. 14 is valid only for the type of storm pat-
erns occurring in the Baltimore area, it should be used with caution else-
*here. Also, values of C from Eq. 14 should not be used in the Rational Method
Fithout also using Eq. 12 to estimate t, = {;. The values of C estimated by
‘his equation are not the same as values of € usually used in design practice,
since the assumption that f, = /; has been used in obtaining values of C for
‘he gaged areas.

COMPARISONS WITH DESIGN PEAK RUNOFF RATES
ESTIMATED BY THE RATIONAL METHOD

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 rainfal] intensities obtained from the rainfall
‘Tequency distributions at each gage fora recurrenceinterval of 5 yr are within
(155 of the values obtained from the 70-yr record of rainfall at the U. S.
“eather Bureau gage in Baltimore.

A
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i estimates of the 5 yr runoff for each of the six areas were
macl}: t:x';!;i:r.l\::lt:l:sd of Cand{, = [, selected by five storrq drain designers in
accordancé with their usual design procedures. These estimates, refferred to
as ¢(5 yr). are presented in Table 5. For each area the 5-yr runoff values
from runoff frequency curves are presentedinthe tabulated data for each area

J IATES OF ¢(5YR) OBTAINED BY THE
LE 5.—COMPARISON OF ESTIMATES OF g( \ )
gﬁ?lONAL METHOD USING VALUES OF C AND /, REPORTED BY VARIOUS
AGENCIES FOR SIX GAGED DRAINAGE AREAS

val ¢ ’“?m;?g Rationa) Method
v ue of 1 Intensityy | poymate, a(Syr), in | Percentage
Goged Agency i \onrh;C ’.’" In ’(5-“!‘ in cubic feet per Error

Area | minutes | inches per socond per acre

hour

[83) (2} ‘ 3) 1) (5} (6) ()
Grayv Hiaven ! ., .
—_ P . 279 )

= 23.3 acres a i 0,86 1 13.0 4- 2.7
3(5}’\") 59.5 cfs [ ! gzz i 18'1; i (\_:(N: ! ,;;2 :(iii
3 - 2,67 efs per acrc d 2 0.55 .3 i 5.58 : 2.6
o) > 267 cls e toesrl M6 L .89 5,,‘32 o
v = 1n : 530 % ) 3.2 .2 2
X = 12 storms : f : 0.53 ‘l 7.3 6.21
Newark (N9) i i
A = 0.64 acres a 1085 ! 50 | 5.6f ! 33;3 :gg
Q5yT) = 4.01 cfs boio0.80 l 5.0 §.gs : g.% s
¢(5yT) = 6.27 cfs per acre :j 1 2)39 i 2(1) .5113 4.89 o
n = 3T \ P 0.95 -1 15 . -
N = 37 storms i e 1080 I 3.5 c31 | 5.6 2
' Por 097! 3.6 626 | £.07 -
i | i

Newark (¥12) ‘ ; i o
A = 0.96 acres . a | 0.85 5.0 5.25 j:g m
O(5yr) = 3.87 cfs i b + 0.90 5.0 0.22 595 o
a{5vr) = 4.03 cfs per acre c ‘I 1.29 gg ‘ 332 ?.55 +30
v = 3yT d ! 0.95 R4 . --.)3 i
v o= 32 L 4 0.90 7.5 4.7¢ -l.:.
Yo dpserms Pt 0.83 | 5.0 5.2 1.36 + 8
Northwood ' l ! 290 2
1 = 47.4 acres +a lose | 14.0 453 i 2.99 -
;)(5\’!‘)’: 197 cfs ;b ! 0.80 10.0 5.17 ;;: -‘1)5
edyr) = 115 cfsperacre | d | o074 | 122 48| 3.54 15
r <4y toe o1 | 114 191 559 et
s = 37 storms ' { to.74 6.3 6.20 % .5
swansea | ! | »
A = 17.3 acres a0l | 130 T 2.21 A
C(5vr) = 189 cfs Y 1 0.67 ; 109 1.73 . .f;: o
a(5\"r) = 2,99 cfs per acre d L 0.50 1 13.0 4.34 2.17 e
"3 e 131 119 1 450 2.43 ¢
" = 3VT i | i 1 ! 359 i e Tt
X 36 storms o f i 0.59 : TG 5T . A2
Yorkwood South ' X
iy B 0.60 ¢ 6.5
A = 10.4 acres : B 1 0. H
C(3yT) = 37.5 cfs food i OC-K) i 10.1
a(oyr) = 3.60 cfs per acre | € © 053 f.l
[ o | { L 060 3.9
A= 20 sworms ‘ H IR

in Col. 1. The letters a,b,c,d, e, f in Col, 2 refer to the various sForm dr:'
designers. Rainfall intensities used in the Rational M.ethoc'i to ol?tam the : n"
jous estimates of ¢(5 yr) wereobtained from rainfall time-intensity-frequen-
curves from the rainfall record at each gage. . .
The percentage differences between Rational Method estimates of run®

H” - RAT!OI!J !L M TH bEXAMiNE
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and corresponding values obtained from runoff frequency curves are given
in Table 5.

In Fig. 10 a comparison is presented of runoff estimates from the Rational
Mecthod with values of (5 yr) obtained from runoff frequency curves for each
agency participating in the study. Considerable variability is observed in
estimates obtained by usual designprocedures. More than 207, of the designers’

100 T T T T T -y
/ D
90 + / ¢ <
L
80 |- -
D)
o 70 / Volues of t and C reported by -
H i»’ vorious storm droin designers
Lot i
%
®© f\
S 50 | o .° Tre— Vaolues of 1, and C eshmoated by =
3 / . equations 12 . ond 14
S 40} ]
H)
oL ° |
*
.
20 . -
o
ot! -
o ] 1 1 1 1 :
o] 10 20 30 40 50 60 70

Per cent ditference between computed vaive of &(Syr) ond volue of q(Syr)
from runoff frequency curve

FIG. 10.—COMPARISOX OF VALUES OF ¢ (5 YR) COMPUTED BY THE
RATIONAL METHOD WITH VALUES OF g (5 YR) OBTAINED FROM
RUNOFF FREQUENCY CURVES

estimates differed by 25% or more from values obtained from runoff fre-
quency curves.

CONC LUSIONS

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 Methodis 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
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drainage area. Because the data used to develop thesg equations have been
collected in the Baltimore area, they may not bg applicable to other urbap
areas. The purpose in presenting these equations is to de.mons'trgte the pos:
sibility of developing similar equations suitable for design use if sufficient
data were collected from many gaged urban areas throughout the Uniteq
Sta;:ast.ional Method estimates of runoff were made by five storm drain de-
signers in accordance with their normal design procedures.A and these are
compared with runoff values from runoff frequency curves ‘for sxx‘ of the gager{
areas. It was found from this comparison that fgr every five Rational Methog
estimates, one of them, on the average, may be in error by more than 25%.

APPENDIX.—~NOTATION

The following symbols have been adopted for use in this paper:

A = drainage area size, in acres:

a = coefficient;

h = coefficient; i

C = ratio of pez’lk runoff rate, in cubic feet per second per acre, to the max-
imum rainfall intensity averaged over the time ta;

¢ = coefficient: ‘

1 = maximum :;verage rainfall intensity, in inches per hour, averaged over
the time tas

Imp = ratio of impervious area to total area:

K = coefficient; . ]

L= length of the main drainage channel, in feet; )

m = an integer used to denote the rank of an element in a sequence;

N = number of years of data;

n = number of storms observed during N years of datg: of the

P = percentage of sample values exceeding in magnitude the value of
mth yalue in a sequence of observations;

€ = peak runoff rate in cubic feet per second; ) _ '

g = runoff rate in cubic feet per second per acre (g = estimate of q); e

S = slopeof the main drainage channel, as percentage or feet per 100 fee:

T = return interval, in vears; o ' -

{, = rainfall intensi’tv averaging time, here defined as the length of tim

a B

during which the instantaneous rainfall intensity is averaged to obtai:
an average rainfall intensity;
i, = time of concentration: and '
tcl = time lagbetween the centroid of the rainfall hyetograph and thg centro
of the runoff hydrograph.
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SYNTHETIC COEFFICIENTS FOR STREAMFLOW ROUT

By José A. Buil,! A. M. ASCE

—————

INTRODUCTION

In connection with hydrologic studies on the Missouri River E
tributaries below Rulo, Nebr., attempts were made to systematis

opment of streamflow routing coefficients for the better utiliza
electronic computer, i

channel capacity, and the deg:
from actual data and tested for effectiveness. A
senting required travel times for various discharge Tregimes inthe .
graph checked wel] with the results of recent independent expe:
travel times on the Missouri and Smoky Hill Rivers using dyes.

frams proved to be more practical, and as effective in the deter-

siderable savings of time. A direct application ca
10 discharge records dare available.

DEVELOPMENT OF FUNDAMENTAL PHILOSOPHY

Basis for Developmeut.-'rhe Muskingum method developed by »
¥as used as a basis for the lower Missouri River Tributary stug

Note.—~Discussion open until April 1, 1968, To extend the closing date or,
*ritten request must be filed with the Executive Secretary, ASCE. This pa;
4 the copyrighted Journal of the Hydraulics Division, Proceedings of the
Ociety of Civil Engineers, vol, 93, No. HYS, November, 1967, Manuscrip:
sitted for review for possible publication on May 8, 1967,

Hydr. Engr., U, s, Engr. Dist., Kansas City, Mo.

2McCarthy, G. T., "Engineering Procedure as Applied to Flood Contro! k

“ith Reference to the Muskingum Flood Control Project. Appendix IV,” The
¢thool, Fort Belvoir, Va., 193¢.
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year. Peak Discharge (Q )

Project Name and Location:

2. DPrainage Concentration Point:

3. *Watershed Area(A) at Drainage Concentration Point: acres.
l 4. Length of Hydraulically Longest Watercourse (LC): ft.
s, Length from center of Watershed Area(Lca) ; along L.: fr.
I 6. Change in Length Factors - ft. Change in Elevation Factors - ft.
B AL, : (an.)> AH., : o3 /am,
I a Ay 1 — 1/
: 3 3
‘ b. ALZ. (ALZ) AHZ’ ALZ/AH2

AL : (AL )3 AH 2 AL3/A'-I
l G- Byt '3 3° 373
AL ' AL3 i AL3 !

7. I = + + 31 _ _

' AH AH aa. | " y * =
‘ 1 2
2 ' 2
I 8. Mean Slope(Sc)=(Lc/I) = { )7 = ft./ft.
Subarea 1 Subarea 2

9. Watershed Type (s) Weighted Watershed
' (¢ of Total Area): ( ) ( ) Average

10. Basin Factor (nb) : N
3.11. Imperviousness (%) : I, =
- 12. Runoff Coefficient (Cw): Cw =
f.13. z-Factor(z) = 0.444n_ (L L )% 3/(s ¢ )%= (future)

bw ¢ ca cw

' 14. **Time of Concentration (TC) , determined from Table III: minutes (future)

15. At TC, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= inches/hour

00 .

'16. 100-year Flood Peak (QE]; ) = Cw.‘LA= X X = cfs (future)

17. For Other Return Periods: 2-Year 1l0-Year 25-Year 50-Year
l Ratio to 100-year Peak:
' Q (cubic feet/second):

|

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

Prepared by: Company: Date:




City of Tucson 00
Hydrologic Data sheet for Computing 100-Year .Peak Discharge (Q

1. Project Name and Location:

Drainage Concentration Point:

. 3. *watershed Area(A) at Drainage Concentration Point: acres.
' 4. Length of Hydraulically Longest Watercourse (I..c) : ft.

ft.

Length from center of Watershed Area(Lca), along LC:

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

3 3
ALl._________ (ALl) AHl. ALl/AHl
3 3
ALZ:_________ (AL2) AHZ: ALZ/AH2

3 3
: AL : F
AL ( 3) AH3 AL3/AH

3
3 3 3
AL3 AL AL3
I= 1 + + 3] + + _
AHl AH2 : AH3

3

Mean Slope(Sc)=(Lc/I)2= ( ) o= ft./ft.

Subarea 1 Subarea 2

Watershed Type (s) Weighted Watershed

(% of Total Area): ( ) ( ) Average

sin Factor(n ):
Basin Fa ( b) - bw

11. Imperviousness (%) : ‘ w

Runoff Coefficient(C ):
W %

bw

14. **Time of Concentratlon(T ), determined from Table III: minutes (future)

At T 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour

16. 100-year Flood Peak (Q;OO) = C iA= X X = cfs (future)

For Other Return Periods: 2-Year 10-Year 25-Year S0-Year

Ratio to 100-year Peak:

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.

Prepared by: Company: Date:

'13 Z-Factor(z) = 0.444n. (L L )% 3/(s ¢ %% = (future)
C ca CcC w

e —



{- .

[

G SN B0 =S WS SN G G SN By By e wn em

City of Tucson
Hydrologic Data Sheet for Computing l100-Year Peak Discharge (Q )

100

Project Name and Location:

Drainage Concentration Point:

\¥]

[

fi-Y

w
.

*Watershed Area(A) at Drainage Concentration Point:
Length of Hydraulically Longest Watercourse(Lc);

Length from center of Watershed Area(Lca), along Lc:

ftr.

ft.

acres.

6. Change in Length Factors ~ ft. Change in Elevation Factors - ft.
a. AL, : (AL )3 AH_ : AL3/AH
- 1’ 1 1° 1l 1
3 3
b. ALZ: (ALz) AHZ: AL2/AH2
AL : (L’ AH L3 /an
C- Bhgt 3 3} 3/°%3
} o }
7. 1= « (%2 4 [OF
B = -+ + =
AH A" AH
2
8. Mean Slope (Sc)=(Lc/I)2= ( )T o= ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) v Weighted Watershed
(% of Total Area): ( ) ( ) Average
Basin Factor(nb): nbw=
11. Imperviousness (%) : I, =
12. Runoff Coefficient(cw): Cw =
13. Z-Facter(2) = 0.444n, (L L )o°3/(s C )0'4 = (future)
bw c ca cw

-
[ -
.

'—J
in
.

100-year Flood Peak (Q;OO) = CwiA=

o)
)]
.

**Time of Concentration(Tc), determined from Table III:

At Tc' 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)=

inches/hour

For Other Return Periods:

17. 2-Year

Ratio to 100-year Peak:

X X =
10-Year 25-Year 50-Year

Q (cubic feet/second):

* A may not exceed 1,280 acres

(2 square miles) in size.

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

Prepared by:

Company:

Date:

minutes (future)

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

Project Name and Location:

2. Drainage Concentration Point:
3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along Lc: ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
a. OL_: (L)’ DH. : a3 /o
: 1 — 1 1’ 1 1
3 3
b. ALZ: (AL2) AHZ: ALZ/AH2
c. AL.: (AL )3 AH AL3/AH
) 33— 3 37 3773
% 3 )
3 3 3
I = AL1 + AL2 + AL3 _ . . ~
. m = =
AHl‘ A 2 AH3
2 2
Mean Slope(Sc)=(Lc/I) = )5 = ft./ft.
Subarea 1 Subarea 2
Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): N
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13.  z-Factor(z) = 0.444n_ (L L )% 3/(s ¢ )04 = (future)
Ypw e ca cw
14. **Time of Concentratlon(T ), determined from Table III: minutes (future)
1s. At Tc' 100-year Rainfall Intensity (i) = 12/(1+0.05TC)= inches/hour
00 . '
l6. 100-year Flood Peak (Q; ) = Cw1A= ' X X = cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

Q (cubic feet/second):

— —— — -— — —— — — — — — — ——— —— —_— — —— —_

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

Prepared by: Company : Date:
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

Project Name and Location:

v .
[
.

2. Drainage Concenbration Point:

‘ 3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along Lc: ft.
6. Change in Length Factors -~ ft. Change in Elevation Factors - ft.

a. AL.: (AL, )> MM : aL3 /am
: 1 — 1 1’ 1 1
3 3
b. ALZ: (AL2) AHZ: ALZ/AH2
AL : (L.)> AH: aL3/am
c. x 3 3° 3/ 08,
AL3 ¥ AL3 ' AL3 :
7. I= 1 + 2 + _ + + _
AHl AH2 AH
’ 2 2
8.. Mean Slope(Sc)=(Lc/I) = ( )° = ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): N
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13. z-Factor(z) = 0.444n_ @ L )% 3/(s ¢ %% = (future)
"pw e ca cw
14. **Time of Concentration(TC), determined from Table III: minutes (future)
1s. At Tc, 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour
00 .
16. 100-year Flood Peak (Q; ) = Cw1A= x X = cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

Q {cubic feet/second):

* A may not exceed 1,280 acres (2 sguare miles) in size.
*% 'I‘c may not be less than five (5) minutes nor greater than sixty (60) minutes.

Prepared by: Company: Date:
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City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Qp )

1. Project Name and Location:

2. Drainage Concentration Point:

3. *Watershed Area(A) at Drainage Concentration Point: : acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along LC: ft.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
a. AL.: (aL,)> MH. 2 a3 /o
) 11— 1 1° 1 1
3 3
b. ALZ. (ALZ) AH2: AL2/AH2
3 3
. AL,: (AL,) AH,: AL3/AH3
3 3 3
3 3
7. 1= 1) + [%F2) &+ [%B3) . . )
H
AHl A 5 AH
2 2
8. Mean Slope(sc)=(Lc/I) = )T o= ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) ’ Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): n L
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13. Z-Facter (Z2) = 0.444 (L L )0°3/(S c )O’4 = (future)
"pw e ca cw
14. **Time of Concentration(Tc), determined from Table III: minutes (future)
15. At Tc, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= inches/hour
l6. 100-year Flood Peak (Q;OO) = CwiA= X X = cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

Q {cubic feet/second):

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

Prepared by: Company: Date:
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10.

11.

12.

13.

14.

1s.

le.

17.

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

Project Name and Location:

Drainage Concentration Point:

*Watershed Area(A) at Drainage Concentration Point:
Length of Hydraulically Longest Watercourse(LC):

Length from center of Watershed Area(Lca

Change in Length Factors - ft.

acres.

fr.

ft.

), along L.:

Change in Elevation Factors = ft.

3 3
ALl. (ALl) AHl. ALl/AH1
3 3
AL2: (AL2) AHZ: AL2/AH2
. 3 3
AL3. (AL3) AH3. AL3/AH3
3 3 3
I = AL + AL + AL _ . . _
AH. AH AH -
1l
2 2
Mean Slope(sc)=(Lc/I) = )7 o= ft./ft.
Subarea 1 Subarea 2
Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
Basin Factor(nb): nbw=
Imperviousness (%) : Iw =
Runoff Coefficient(C ): cC =
W W
Z-Factor(z) = 0.444n, (L L )% 3/(s ¢ )04 = (future)
bw ¢ ca cw

**Time of Concentratlon(T ), determined from Table III:

At Tc’ 100-year Rainfall Intensity (i)

100-year Flood Peak (Q;OO) = CwiA=

minutes (future)

For Other Return Periods: 2-Year

Ratio to 100-year Peak:

= 12/(1+0.05Tc)= inches/hour
X X = cfs (future)
10-Year 25-Year 50-Year

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) mlnutes.

Prepared by:

Company:

Date:




1 4 oy o - L Lo

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

1. Project Name and Location:

2. Drainage Concentration Point:
3. *Watershed Area(a) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5.  Length from center of Watershed hrea(L_ ), along L.: fr.
6. Change in Length Factors - ft. Change in Elevation Factors - ft.

a. AL, : (r)3 AH. : aL3 /o

. 1l 1 1° 1 1
v ' 3 3
b. AL,: (AL2) AH,: ALZ/AHZ
c. AL_: (AL )3 AH AL3/AH
) 3 — 3 3" 37773
} S\ 3
7. 1={"1| + [*T2| + [%P3] _ . . _
AH AH AH -
2
2 2
8. Mean Slope(SC)=(Lc/I) = ( )© o= ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): 7 n
11. Imperviousness (%) : v I, =
12. Runoff Coefficient(cw): Cw =
13. Z-Facter (Z) = O. 444nb (Lc ca /(S C ) (future)
14. **Time of Concentratlon(T ), determined from Table III: minutes (future)
15. At Tc, 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour
00 X

16. 100~year Flood Peak (Q; ) = Cw1A= X x = cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

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.

Prepared by: Company': Date:




City of Tucson O
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q

1. Project Name and Location:

2. Drainage Concentration Point:

3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along LC: | _ ft. !
6. Change in Length Factors - ft. Change in Elevation Factors - ft.
a. AL : (aL,)> pH, : a3 /nn
- 1 — 1 1° 1 1l
3 3
b. AL,: (ALZ) AHZ: AL2/AH2
3 3
c. AL3. (AL3) AH3: AL3/AH3
} s 3
7. 1= (%1 o+ (%P2 + (%3} . . _
AH A" AH
2
2 2
8.  Mean Slope(sc)=(Lc/I) = ( )° = ft./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): nbw=
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13. Z-Factor(z) = 0.444 (L L )0'3/(5 C )0'4 = (future)
Tpw e ca cw ' ’ .
14. **Time of Concentration(Tc), determined from Table III: . minutes (future)
18. At Tc, 100-year Rainfall Intensity(i) = 12/(l+0.05Tc)= inches/hour
16. 100-year Flood Peak (Q;OO) = CwiA= X X = cfs (future)
e :
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

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.

Prepared by: Company: Date:




10.

11.

l2.

13.

14.

1s.

l6.

17.

* A may not exceed 1,280 acres
*k T may not be less than five

Prepared by:

City of Tucson
Hydrologic Data Sheet for Computing 100-Year Peak

Discharge (Q O)

Project Name and Location:

Drainage Concentration Point:

*Watershed Area(A) at Drainage Concentration Point:

acres.

Length of Hydraulically Longest Watercourse(Lc):

fr.

Length from center of Watershed Area(Lca), along LC:

ft.

Change in Length Factors - ft. Change in Elevat

ion Factors -~ ft.

3 3
ALl. (ALl) AHl. ALl/AH1
3 3
AL2: (ALZ) AHZ: ALZ/AH2
. 3 3
AL3- (AL3) AH3. AL3/AH3
3 3 3
3 3 3
=) o+ [P2] & [T . . _
AH AH2 AH3
2 2
Mean,Slope(Sc)=(Lc/I) = ( )5 o= ft./ft.
Subarea 1 Subarea 2
Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
Basin Factor(nb): nbw=
Imperviousness (%) : Iw =
Runoff Coefficient(C ): C =
W W
Z-Factor(2) = 0.444 (L L )0’3/(S C )0'4 = (future)
"pw e ca cw
**Pime of Concentratlon(T ), determined from Table III: minutes (future)
At Tc' 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour
100-year Flood Peak (Q;OO = CwiA= X X = cfs (future)
For Other Return Periods: 2-Year 10-Year 25-Year 50-Year

Ratio to 100-year Peak:

Q (cubic feet/second):

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

Company:

sixty (60) minutes.

Date:




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

1. Project Name and Location:

2. Drainage Concentration Point:

3.  *Watershed Area(A) at Drainage Concentration Point: ' acres.

4. Length of Hydraulically Longest Watercourse(Lc): ft.

ft.

5. Length from center of Watershed Area(Lca), along Lc:

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

3 : 3
a. ALl. (ALl) AHl. ALl/AH1

3 3
b. ALZ: (ALZ) . AHZ: ALZ/AH2

3 3
C. AL3. (ALB) AH3. » AL3/AH3
3 3 3
3 3 3
7. 1= + [%2) 4 [8L3) . _

AHl AH2 AH3

!
+

8. Mean Slope(Sc)=(Lc/I)2= ( ) o= ft./ft.

Subarea 1 Subarea 2
9. Watershed Type(s) Weighted Watershed

l (% of Total Area): ( ) ( ) Average

10. Basin Factor(nb): ; ?bwz
11. Imperviousness (%): Iw =
12. Runoff Coefficient(cw): Cw =
13.  z-Factor(z) = 0.444n_ (L L_)° /(s C, ) (future)
14. **Time of Concentratlon(T ), determined from Table III: minutes (future)
1s. At Tc' 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour
16. 100-year Flood Peak (Q;OO) = CwiA= X X = v cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year
Ratio to 100-year Peak:
Q (cubic feet/second):
* A may ;;£ é;;éed—; 285_;ﬂ£;; (2_;§ua;; miI;s) Z; si;;. T T T T
*% T may not be less than five (5) minutes nor greater than sixty (60) minutes. -
Prepared by: Company: Date:

e




Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

! ' 1. Project Name and Location:

2. Drainage Concentration Point:

3. *Watershed Area(A) at Drainage Concentration Point: acres.

4. Length of Hydraulically Longest Watercourse(Lc): fe.

5. Length from center of Watershed Area(Lca), along Lc: fr.

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

3 3
a. AL.: (ALl) AH, : ALl/AH1

1’

1
b. AL.: (L) > MH..: a3 /am
<Ly (AL, 2° 2/ b4,

2

3 3
c. AL : (AL3) AH : AL3/AH3

l City of Tucson 100

) % 3
3 3
2. 1= ) 4 (PR 4 (A3 | .

AHl AH2 AH3

8. Mean Slope(sc)=(Lc/I)2= ( )T = ft./ft.

Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
{3 of Total Area): ( ) ( ) Average

10. Basin Factor(nb): nbw—

12. Runoff Coefficient(cw): Cw =

_ 0.3 0.4 _
13. Z-Facter(z) = 0.444nbw(Lcha) /(Sccw) = (future)

14. **Time of Concentration(Tc), determined from Table III: minutes (future)

1s. At T, 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour

16. 100-year Flood Peak (Q;OO) = CwiA= X x = cfs (future)

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

Ratio to 100-year Peak:

Q (cubic feet/second):

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

Prepared by: Company: Date:

' 11. Imperviousness (%) : Iw =
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. City of Tucson 100
Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )

1. Project Name and Location:
2. Drainage Concentration Point:
3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse(Lc): ft.
5. Length from center of Watershed Area(Lca), along Lc: ft.
6. Change in Length Factors - ft. Change in Elevation Factors -~ ft.
a. AL.: (L) AH. : a3 /am
l'— 1l 1 1 1
3 3
b. ALZ: (ALZ) AHZ: AL2/AH2
AL @)’ bH an3/on
¢- Bhst 3 3} 3/ %3
3 3 1
3 3 3
R e 2 I e A . . }
H
AHl A 5 AH3
2 2
8. Mean Slope(Sc)=(Lc/I) = ) = £t./ft.
Subarea 1 Subarea 2
9. Watershed Type (s) Weighted Watershed
(% of Total Area): ( ) ( ) Average
10. Basin Factor(nb): Ny
11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
13.  z-Factor(z) = 0.444n_ (L 1 )% 3/(s c 104 = (future)
: “pw Mo ca cw
14. **Time of Concentration(Tc), determined from Table III: minutes (future)
1=s. At Tc, 100-year Rainfall Intensity(i) = 12/(1+0.05Tc)= inches/hour
le. 100-year Flood Peak (Q;OO) = CwiA= x x = cfs (future)
17. For Other Return Periods: 2-Year l10-Year 25-Year 50-Year

Ratio to 100-year Peak:

Q (cubic feet/second):

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

Prepared by: Company: Date:




City of Tucson

Ratio to 100-year Peak:

Q cubic feet/second):

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

Prepared by: Company:

*k ‘1‘ may not be less than five (5) minutes nor greater than sixty (60) minutes.

Date:

100
l Hydrologic Data Sheet for Computing 100-Year Peak Discharge (Q )
l Project Name and Location:
‘ 2. Drainage Concentration Point:
! 1
l l 3. *Watershed Area(A) at Drainage Concentration Point: acres.
4. Length of Hydraulically Longest Watercourse (Lc): ft.
l 5. Length from center of Watershed Area(Lca) , along Lc: fr.
' 6. Change in Length Factors - ft. Change in Elevation Factors - ft.
a. AL.: (aL,)> PH. : L3 /0m
: 1 1 1 1 1
3 3
' b. AL,: (ALZ) AHZ: ALZ/AHZ
ALz (AL )3 AH_: ALB/A‘-I
' C. Bhyt 3 3} 3/ %3
3 3 3
3 3 3
I= ALl + ALZ + AL3 _
BH,_ | 7, | M, | " * ¥ .
l 1 ) 3
2 2
Mean Slope(Sc)=(Lc/I) = ( )5 = ft./ft.
l Subarea 1 Subarea 2
Watershed Type (s) Weighted Watershed
' (3 of Total Area): ( ) ( ) Average
. i r : =
10 Basin Facto (nb) n
l 11. Imperviousness (%) : Iw =
12. Runoff Coefficient(cw): Cw =
0.3 0.4
13. Z-Factocr(2Z) = 0.444n, (L L ) /(s C) = (future)
bw' c ca cw
14. **Time of Concentration (Tc) , determined from Table III: minutes (future)
l 1s. At TC, 100-year Rainfall Intensity (i) = 12/(1+0.05Tc)= inches/hour
0 .
' l6. 100-year Flood Peak (Q; 0) = Cw1A= X X = cfs (future)
17. For Other Return Periods: 2-Year 10-Year 25-Year 50-Year




HP-41 USER INSTRUCTIONS AND OPTIONAIL PROGRAM LISTING




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.

Program Execution
1. Set SIZE: 13
2. XEQ COTFP

3. R/S advances user through program

4. Input basin parameters and hydrologic values when prompted.

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

W

02

Q10 = Q100 x ?

Q25 = Q100 x ?

Q50 = Q100 x

weighted runoff coefficient (dimensionless).

Q100 x ? = input for ratio to 100-year Q for Q2

input ratio to 100-year Q for Q10

input ratio to 100-year @ for Q25

w
]

input ratio to 100-year Q for Q50.

5. Program Output

I = a factor which represents the summation of slope increments for
mean channel slope determination.

Z = 2z-factor, a coefficient which relates the physical characteristics of
a watershed to its time of concentration.

TC = Time of concentration in minutes



RAIN.I = 100-year rainfall intensity in inches/hour
Q100 = 100-year flood peak in cubic feet/second

Q2 = 2-year flood peak in cubic feet/second

Q10 = 10-year flood peak in cubic feet/second

025 = 25 year flood peak in cubic feet/second

050 = 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.

PROGRAM COTFP EXAMPLE PROBLEM

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 increment (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
Third vertical slope increment (Delta 3H) = 8 feet.

Basin factor (NB) = .022

Weighted runoff coefficient = .75

Ratic to 100-year Q for Q2 (Q2 = Q100 x ?2) = .20

Ratio to 100-year Q for Q10 (Ql0 = Q100 x ?) = .45
Ratio to 100-year Q for 025 (025 = Q100 x ?) = .65
Ratio to 100-year Q for Q50 (Q50 = Q100 x ?) = .85




1
l PROGRAM COTFP EXAMPLE
l Seﬁr' Trfer e M AN
: KEYSTROKE DISPLAY
XEQ (Alpha) COTFP (Alpha) AREA ACRES ?
. 100 R/S INPUT LC ? H?me?fmff? me),, Fllalerera, ff(
4500 R/S INPUT LCA ? FC. 7 (euter c-—/ RS
l 2200 R/S . NO. SLOPES ?
| 3 R/S DELTA/L. L ? 1
l 1300 R/S DELTA 1. H ?
9 R/S DELTA 2. L ?
: 1900 R/S DELTA 2. H ?
3' 15 R/S DELTA 3. L ?
‘ 1300 R/S DELTA 3. H ?
I 8 R/S I = 53,580
R/S SLOPE = .0071
l R/S INPUT NB ?
.022 R/S INPUT CW ?
. .75 R/S Z = 9.9793 |
R/S (Beep) TC = 12.0000 iz mc%
1 B (Besp) RAINE.I = 7.5000 =77 55T)
- R/S (Beep) Q100 = 562.50
- R/S Q2 = Q100 x ?
. .2 R/S 02 = 112.50
R/S Q10 = Q100 x ?
1 45 R/s T gl et
R/S 025 = Q100 x ?
l .65 R/S 025 = 365.63
R/S Q50 = Q100 x ?
:I .85 R/S Q50 = 478.13
‘ R/S AREA ACRES ? (beginning)
1
[
1
1
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STORAGE REGISTER CONTENTS

STO 00 - Temporary
STO 01 - LC

STO 02 -~ LCA

STO 03 - NB

STO 04 - SILOPE

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




112 GT0 38

. SesLBt 28
I HP-41 COMPUTER PROGRAM LISTING FOR CITY OF TUCSON <1 Rf_‘,;—_ 78
_ ’ "“"SIMPLIFIED METHOD FOR ESTIMATING FLOOD PEAKS" 92 *1=
- “COTFP" 53 XEQ 9%
l ' 54 FIX 4
55 oCL 6t
i 56 RCL 8%
I %7 7/
PRP COIRPY 53 ¥t2
59 STQ ¢
l #leLRL WIOTFP 4 6@ ~SLOPE="
@2 CLRS &1 XEQ 9§
83 5F 21 62 ADY
a4 =£aT 18AYR PEAK:* : 63 "THPUT HB?*
l 85 F3? 59 €4 ¥E0 95
6t PRG 45 ST0 93
4 87 RDY 66 fIBY
' 6% aDY 67 *IHPUT CHT"
68 XFQ 93
_ 8eLBL 18 69 576 686
18 “ARER ACREST" 76 RCL 04
l 11 XE@ 99 74 RCL 06
{2 570 @7 72 *
: 13 ADBY 77 .4
,, l i4 ~INPUT LCY 74 YtX
| 15 XEQ 99 75 STG A6
| 16 570 81 76 RCL 81
, l i7 ADY ' 77 RCL 92
' 18 INPUT LCA?" 70+
19 ¥EQ 99 73 .3
' 28 ST0 & 82 Y4Y
' 21 AV : g1 RCL 03
22 “§g. SLOPES?" g *
22 XE§ 99 83 444
l 24 1 £2 ' g4
' 25 7 85 RCL o@
, 26 1 8% /
: 27+ 87 ST0 6@
: l 28 8TC 11 83 ADV
29 FIY @ g9 ~2="
9@ XEQ 93
l 304LEL 16 31 STO 88
3 "DELTR °
32 RRCL 11 . 92+LBL 26
- l 33+ Lo 33 RCL 88
‘ 34 ¥EQ 99 ' 94 65
353 35
; 36 Y4¥ 9% 1
' 37 ST 12 87 +
} 38 "DELTA - 98 .4
. 39 ARCL 11 99 ¥1¥
l 40 °F W2 : 188 RCL A&
' 41 XEQ 99 | 168! *
_ @2RL1Z, 182 5T0 @¢
43 XOY X 183 RCL 08
l 44/ : 164 -
45 .5 185 ABS
46 Y14 166 .5 %
l 47 ST+ 8 187 X<V
gIsC 11 108 ¥¢=Y? 1
49 GT0 16 109 GTO 48 ’
l 118 RCL 89
: 111 STO 88
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HP-41 COMPUTER PROGRAM LISTING FOR CITY OF TUCSON
"SIMPLIFIED METHOD FOR ESTIMATING FLOOD PEAKS"

[130LBL 4¢ coTEP
Y14 RCL @9 176 FS? 55
{15 9 171 PRE
e 53Y7? 172 Aoy
- 117 GT0 5@ {73 “LESSER PEAKS:~
11§ RCL @y {74 FS? 55
115 68 175 PRR
128 ¥<Y? 176 ALY
{21 GTO 54 177 ADY
122 RCL 29 176 -Q2-=01@8X 7-
123 FRC 179 XEQ 99
124 .5 168 ¥EQ@ 95
123 ¥)¢? 181 -g2=-
126 GT0 74 182 Xed 98
127 RCL @9 183 AbY
122 1 184 -0i8=g1@6Y 2~
129 + 183 XEG 99
132 INT 186 RER 95
131 STC &9 187 -gl#="
188 XEG 98
132¢LBL 70 129 ADY
133 RCL Q¢ 198 =0235=Q18€% 7=
134 INT 191 Xe@ 99
133 570 @9 192 XE2 95
126 TOKE 4@ {93 -@25="
137 ADY 194 XEG 98
138 ~7C=- 195 ADY
129 XEG 9% 196 =Q38=Q1e8x 7-
146 GTO &4 147 XEQ 99
192 XEQ 93
14{elBL 56 199 -@38="
142 =1L QUT OF RANGE" 208 X£Q 98
143 XEQ 9¢ PO 2322232722123 3
282 FS? 33
1444181 44 263 PRA
145 RCL @9 264 AV
146 .85 285 610 1@
147 =
{42 § 206+LBL 95
149 + 207 RCL 9e
158 STO 1@ 288 *
151 12 289 RTN
152 RCL 18
182 # 21@eLBL 98
154 570 19 211 ARCL X
135 TONE @ i 212 AYIEM
156 ADY f Bi=CEoE=
157 “RAINF. =" 213 RTH
158 XeQ 98 ,
159 RCL @6 2144LBL 99
168 * 215 PRONFY
151 RCL @7 218 °+ -
162 = 219 ARCL X
163 STG @e . 218 FS? 35
164 FIX 2 ! 29 PRA
165 TONE @ 220 RTH
166 ADY 228 END
167 -Q108=-
168 XEQ 98

169 “SabeREAREREXE"



