


• EVALUATION CRITERIA

Practl ca II ty

1. Is there adequate technology (computerized models)
avai lable to use this procedure?

2. Wi I I the users understand the underlying concept and
be able to implement the methodology confidently?

3. Is this the most practical level of technology that
can be used for design and planning of county-wide
flood control faci I Ities?

Clark S-Graph

[
[

. :

t

Wi II
a. )
b. )
c. )
d.

the procedure be readily accepted by;
FCD staff
engineering community
developers (cost effective to them)

staffs of other municipalities?

the

5.

6.

7.

W.n I it provide results that are comparable with
those used by other state and federal agencies and
their projects?

Corps of Engineers
SCS
ADWR (Dam Safety)
ADOT

Wi I I it be defensible in court and publ ic hearing?

Can procedures be developed to select and/or
calculate input parameters based on readi Iy
obtainable information?

Can al I physiographic watershed conditions be
adequately represented by this method?
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Accuracy

1. Will this procedure result In the best estimate of
the design event (100-yr flood peak, volume, and
hydrograph shape)?

2. Wil I this procedure result In the best estimate of
other frequency flood events; less than 100-yr flood
and PMF?

3. Wi I I this method be flexible enough to provide
adequate modeling for al I types of physiographic
watersheds in Maricopa County?

4. How will it compare with results from other methods
and past projects?
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2.

3.

4.

Reproduc ib iii ty

Wi II the procedure be flexible enough to allow
"appropriately" educated and experienced
hydrologists to make professional decisions in
arriving at the "best" flood hydrology?

Wil I the procedure be rigid enough to assure that
consistant results will be obtained by "all" users?

Can procedures be developed such that users wil I be
able to obtain consistent results that assures the
acceptance of their studies if the procedures are
followed?

Can procedures be developed such that there is a
minimum of subjective decisions concerning the
selection and/or calculation of parameters?
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Flood Control District of Maricopa County
Unit-Hydrograph Study

Contract FCD 87-23

Project Review Meeting
for Completion of Task I (Data Analysis)

2 November 1987

AGENDA

1. Project status report
a. Scope-of-Servlce
b. Budget

2. Review of basic data
a. Sources of basic data and discussion
b. Watersheds
c. Criteria for selection of storm events for analysis

3. Presentation of example of typical data analysis and flood
reconstitution
a. Determination of effective impervious area
b. Preliminary determination of R by recession analysis
c. Digitlzation of hydrograph
d. Digitization of rainfal I dlstribution(s)
e. Selection of representative rainfal I distribution
f. Flood reconstitution using the HEC-1 parameter optimization

option
g. Iterative process to make final selection of parameters; T , R,

and Time-Area relation c

4. Consideration of special problems
a. Assumption that valid rainfal I and runoff data have been obtained

1.) rainfal I has been recorded at appropriate time interval to
adequately represent the rainfal I intensity

2.) the stage-discharge rating curve is valid at al I recorded
stages

b. Assumption that rainfal I is uniform over the watershed
c. Assumption that the selected time distribution of rainfal I is

val i d
d. Estimation of effective impervious area
e. Selection of representative Time-Area relation

5. Discussion of results of flood reconstitutions
a. Clark unit-hydrograph parameters; Tc ' R, and Time-Area relation
b. S-graphs
c. Rainfall loss parameters
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6. Discussion of comparative advantages and disadvantages of the Clark
unit-hydrograph and the S-graph

7. Discussion of selection of either the Clark unit-hydrograph or the S­
graph as a standard

8. Schedule for completion of Unit-Hydrograph Study

9. Review of final draft of S-Graph Report
a. Comments of prel iminary draft from FCD staff
b. Changes that have been incorporated in final draft
c. Discussion of final draft
d. Discuss copyright
e. List of individuals to receive a copy of final report
f. Publ ishing cost of final report
g. Finished?

10. How does unit-hydrograph and S-graph study fit into overal I plan for
a hydrology manual? (See Task IV.C)

11. Contract FCD 86-36 is to terminate 31 December 1987.
Original budget was $25,000.
(2) studies were performed ($8,295 and $4,000)
Balance is $12,705.
Is there a desire to extend this into 1988?
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WATER RESOURCES RESEARCH CENTER
HIGH SCHOOL WASH EXPERIMENTAL WATERSHED

UNIVERSITY OF ARIZONA
. 1971

EXPLANATION
MAIN WATERSHED BOUNDARY
RECORDING RAIN GAGE
NON-RECORDING RAIN GAGE
AUTOMATIC ~JATER SAMPLER
FLUME I

SCALE.b,==~1<C!:1J.==~1~
MILES

FIGURE 3. Hi9h School l~ash Experimental !~atershed.

54



!
i
~
,

___+.__
.
L
~
~

,
I

,

.L_
I

i
-1II,







-,

"

---,-_J.. i

"I-
i .: i

-:-', --r-- -T-r-
1,­
j

,._.-!.- .. ~..¥.:._, "','

i
·1

___l __

I

f

i
i



.~

-~......"'- .. j .

,
...; -,. ··-r··T---·~·-r-·'-r-i····"·· ··'··-'r :.. -..; ,.._ .

+ ..;
i

,
I.., -i.-.
I I

i-r
iii ;

.~.- ;_._~--"~-_,! ..__ ,.... _"._,,~._. -t·-··_-_··, .. ···

..,1... '..... ,
I. !.I-__•..__.L._••..I.

,- --~.:._.:,i-··_·4--··--,~···_,,_·· ~,--~-~·i-----,~,·_·
~ i

J, 1
;_.._-•. j. . -1'-- '" ~.. --_. i'" •••j--_ -""- _.~.. - .. , .. _ ..;- _.,. ---'_ +-- ..;.

;
1- .~.....



-- i=-

4

3

2

5

-~

4
~-

1-++--1--

8()t)

l.ro~ ,.t:>-.I"'Y' 82 /60()

2

be
1\ ~\ 1\

1\ ,.
JO i

~I\ ~

~e 9

fa 8
_J 7
Bj

Bi 6

tlSJ 5

4

3

2

l/;i/11

/ l-L.u....LLJ-Ll..L.I...J...J..+-J-J.,..J...u....w..J..w...J...+..w....J....J....w...w....;w..J-i-L...L.J...w....J....J...~~~...l-l-..J...J.~..J...l-.y...l..J..J....J-J..,.J-.l....I-..l...l
400 ~()() (,00 1311~.J 80 7/)()

Semi-Logarithmic 3 Cycles x 10 To The Inch



I
l
·
·
~
·

l-j-+
i

.~..



... .

, .....

.~ r- .~, I·

i

......

j .

~~...J. F·......;-·...; ....···+- ···,····-r·--+··...,·_··i·······i-····~_··_·_·+·-·,·+ ....-r---+......:..,..--,-...;l-,-··+_·T-··-~···-r·· ·+·-r···,·-!·-··r···+···+ -r-'."- ..+ ..+····i· .. .;• !
j

I

'" ..

.,.

... . ; .

i

i ~

".._"~L .. __ j_-"_..:__..

....
.

!
.... ,

i

i···· ..,....•. ; ...._- ...

.. ...... .... .

...... _.,.......'-1'·"

..·1·"·,,·,,, •.. I···-I··_·f-· ..·~···_,·_ .. ,·· t--·;·· .;... :._.j ···f·-­

:

·",1·-'·'
; i

... ,.... . ..

v
.• ': , ;......-t- .; ..-~-.. ·;·..·......,·-I····......;-·····i-· ·..,.--i-·--·-j-+ -1-c,..-••. _j- -l .•--- r ·-r--+-- ····'--i----·,.--4-.j..- .•.f- ,-..+ ,--.f-c-. ...;---..f- .•.., j + ,.• -.

,
f·



',.i

'I

..
!i

,.._--.-..i.-...
~

...'- ­....

.......
"

...
...

.............

,'"........ \.a:
....

,
..
:
,

~
;
~

,
~

..... r
"
.
!

;.~
.~

..
,..,~

.,
..~

:~
~

:~
.•...

~
..~

..
_
-
~...

-...._.....
-_

.._,..-

"

.
~

..
~

~ ;
~
:
~

'~
~

.~
-

.~
.._

..,.
,
~

..
_
.
_
~

_........
__

,
.__

,
.•

w
··

,
.
.

"
i

.1---
--.

-r-'-;..---
'---l-'~'----'

I
.

-
!:

.--
'
"
'
'

.
~

I'

~
" ~~

~\;~
~

.:
.\,,'"

""'\

.
~

1........~"

I
_._,_

"
•.....

~
:

,
"'~

•
,"1'1Yl

!l'

•



i:,

:,I
..j

,..
.Ir-. i

.
.

..-..
,
.
~

i

._.....--..-T~.".J-!

.

~--_.,.

..'"
'" ....

.....~
..f'.._...~

..
I

.
'"

~
.

~
.
.
.
~
:

.
.
.
~

.\q'

..J"~"

.1
.
,

..~
,
.
~

...~
..""

~
~

'"
"

...
"

.('
.~

,'"
~

~
tc\

N'1,
,

..~
.-_.-,

•...........,
~

--·-fIll

-
}E

...
ti

C'C)
\"I

~
"
~

~
..

....
,......,

....
....

.

~
\-\~

..
~

.
"

.
_
-
~

~
'" .;"

.

~
~

-
'

..

~
.
~

..
- ..

.

"t
~~

..
,..,.'II.

....
,

....\:::.

-
.

"
l

...~
..

t'(
....
~

...
.~
~

'+
.
,
:

l'<
)

'\-
c\

~
"

'"
'"

.,
:.',---_

I..--,-..-
-
:
-
-
-
r
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-

_...._..
;.

~

..~
.•

I'

.
~

:
-.-

~
~
...

~
.

e·e :
..

.



•

flOOD HYDROGRRPH PRCKRGE HEe-! <IBN XT 512K UERSION) -fEB 1,19B5
U.S. RRMY CORPS Of ENGINEERS, THE HYOROLOGIC ENGINEERING CEHfER, 609 SECOND STREET, DRUIS, CR. 95616

THIS HEC-1 UERSION CONTAINS ALL OPTIONS EXCEPT ECONIJl1ICS, AND THE NUNSER Of PLANS ARE REDUCED TO 3
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HI6H SCHOOL UASH
UNIV Of TUCSON URBAN HYDROLOGY PROGRflI1
SIORM EVENf 11 SEPI £HBER 19B2
UNIT-HYOROGRRPH OPIIMIZATION

OUIPUT CONTROL VRRIRBLES
IPRNT 0 PRINT CONTROL
IPLOI 2 PLOI COHT ROL
OSCRL O. HYOROGRRPH PLOT SCALE

•

IT HYOROGRRPH TIME ORTR
HI1IH 5 MIHUTES IN COMPUTATION INTERUA

!DATE llSEP82 STARTING DATE
mME 11is STARlIHG TIME

NO 60 HUMBER Of HYOROGRAPH ORDINATES
HDOAT£ llSEP82 EHOIHG ORTE
HOTIME 16iO EHDIHG TIME

COI1PUTRTION INTERVAL .OB HOURS
TOT AL TIME BASE 4.92 HOURS.

ENGLISH UHns

OU OPTIMIZRTIOH Of UHIJ6RAPH AHO LOSS RATE PARRM£fERS
IfORO 1 fIRST OROIHATE Of OPIIHIZATION REGION
ILORO 60 LAST ORDINATE Of OPIIMIZATION REGION

;I *
8 KK * THS2 *

* *

SUBBASIN RUNOff DATA

11 BA SUBBASIN CHARACTERISTICS
TARER JO SUBBASIN AREA

PRECIPITATION DATA

•

9 PB

10 PI

1HU

17 UC

11 VA

STORM .87 BASIN TOTRL PRECIPITRTIOH

INCR£HEHTAL PRECIPITATION PATTERN
.15 .20 .15 .20 .05 .05 .05 .01 .01

UNIfORl1 LOSS RRIE
STRTL -.10 IHITIAL LOSS
CNm -.20 UNIfORM LOSS RAIE
RTIMP 11.30 PERCENI IMPERUIOUS ARER

CLARK UHIT6RAPH
Te -.50 TINE Of CONCENTRATION
R - .40 SIORAGE COEffICIENT

RCC!Jl1UlRTEO-AREA US. TIME, 110ROINAIES
.0 10.0 45.0 75.0 8i.O 90.0 9i.O 96.0 98.0 99.0

100.0

"...



INITIAL ESTIMATES fOR OPTIMIZATION VRRIABLES
TCtR R/mtR) STRTL CNSTL
.90-- -.11 _.--JO----.20- -

INTERtl£DIRTE URLUES Of OPTIMIZATION URRIABLES

• (*INDICRTES CHANGE fROl1 PREVIOUS VALUE>
(t INDICRTES URRIRBLE URS HOT CHRHG£D)

OBJECTIUE
fUNCTION TCtR RI(JCtR) STRTL CHSTL

UOL ROJ. .900 .114 .451* .226*

23.1 .600* .H1 .151 .226
19.3 .600 .527* .451 .226
19.3 .600 .527 .11B* .226
19.3 .600 .527 .11B .227*

19.3 .599* .527 .14B .227
19.2 .599 .531* .448 .227
19.2 .599 .531 .417* .227
19.2 .599 .531 .447 .226*

19.2 .600* .531 .117 .226
19.2 .600 .535* .1'17 .226
19.2 .600 .535 .446* .226
19.2 .600 .535 .146 .225*

19.2 .601* .535 .146 .225
19.2 .601 .536* .146 .225
19.2 .601 .536 .146* .225
19.2 .601 .536 .146 .225*

• 19.2 .601t .536 .146 .225
UOL. AOJ. .601 .536 .451* .227*

************iIlf*********************-***********
* *
* OPTIMIZJlTlOH RESUlTS *

* *
****************************u**.nu......*******
* *
* CLRRK mill GRAPH PRRAI1ET£RS *
* TC .28 *
* R .32 *
* *
* SNYDER STANDRRD UNIT6RRPH PRRflft£T£RS *
* TP .15 *
* CP .31 *
* it

* LRG fROM CEHm Of MRSS Of EXCESS it
it TO CEHT ER Of MRSS Of UNIT6RRPH .38 it

* *
it UHIf6RRPH PERK 1210. *
* TIME Of PERK .17 it

* *
**_*___**_*****HiiltltiIlf***********• *
*

*
*

lb~me-kY'

CJ'pf-/;/N'r~'g~

itit

* UNIfORM LOSS RRTE PRRAI1£T£RS it
* STRTL .15 *
* CNSTL .23 *

*************************************itHiiltltillf*****



•
**_***_***************_*****_****************************IIIII****I*********lhI************_***********
* *
* COtlPARISOH Of COMPUTED AHO OBSERUEO lNDR06RflPHS *
* *
****************************************************H*****************************************************"***********

* *
* STATISTICS BASCO· OH OPTIMIZRTION REGION *
* (ORDINATES 1 THROUGH 60> *
* *
****-*-**********************************************--******-*****-************-*************
* *
* fINE TO LAG *
* SllI1 Of EQUIU MEAN CENfER C.M. TO PEAK TIME Of *
* fLOUS DEPTH fLOU Of MASS C.M. fLOU PEAK *• * *
* PRECIPIT AHON EXCESS 380 .i3 *
* *
* C(»'IPUTEO lNDR06RAPH 2635. (ill) 11. .77 31 @ QD *
* DBSERU£O HYDR06RAPH 2635. 378 11. .95 .52 331 .50 *
* *
* OIffERENCE O. .000 O. -.18 - .18 11. .00 *
* PERCEHT DIffERENCE - .01 -31.67 3.13 *
* *
* STANDARD ERROR 15. AUERA6E ABSOLUTE ERROR 9. *
* OBJECTIUE fUNCTIOH 19. AUERA6E PERCENT A8S0LUfEERROR 70.25 *
* *
**-*******************************************-**-_***_***1111***1************************1*****

327. 252.
21. 19.

•

59? •
150.
11.

1210.
115.

9.

1127.
89.

917.
69.

UNiT lNOR06RAftl) ­
22 END-Of-PERIOD ORDINATES

715. 551. 125.
53. 11. 31.

*' 9t*#~ I"'~i~
S-9r4R~

~91.

11.





SIAHON IHS2

.0

O.O. O.
(L) PRECIP, (X) EXCESS

.2 .1.0

360.

.0

320.

.0

280.

.0

210.

.0.0.0.0

(0) OUTfLOIJ, (*) OBSERUCO fLOO
80. 120. 160. 200.

.0

10.O.

.0
ORHRtlN PER
111115 1 -------••.--------- •--------- .--------- .--------- .--------- .--------- .----_._-- .--------- •---._---- .--------- .---------.
111150 2 ~ LLLLLLLLLLLLLXX.
111155 3 'G- LLLLLLlLLLLLLLLLLLXX.-- .111200 1. LLLLLLLLLLXXXXX.
111205 5. -. LLXXXXXXXKXXXKXXXXXK.

111210 6. ~. LLXXX.
111215 ?. .. LlXXK.
111220 8. . . . LlXXH.
111225 9. ., L.-.
~~~;~~ ~~: ". ~ : : :~ .. : : L:
111210 12. ./~. ~ . . ~
111245 13 . .K' . ~ . . \1\

111250 11.;;.--9"'" "\ . •~
111255 15. ?' . ~ . .~
111300 16. .')' ~ . . ~
111305 17. II. . '\.
111310 18. &'. .
111315 19. ~ .•
111320 20. I. . . . . . . . . . . .
111325 21 •.....••.•..••......•.•••.•...•......•••.....•.......•......•
111330 22.
111335 23. r/
111310 21.'
111315 25.
111350 26.
111355 270
111100 280
111105 290
111110 300
111115 31 ...•.••...•..•.•.••...••..•.•.....••....••........•.•.......
111120 320
111125 330*
111130 310*
111m ~~n*

•

•

-- - -_.-.~---_." -'..'-_.,_ ..,_ _--_._,- .. _, _---_.__ ---------_._-----. __.. ---_.._- _--.,._---. _._----_ ..• _~~.., "','.. - -, ,"

H LIMITS Of OPTIMIZRTION

III STATION THS2 1IlI ORAlNAGE AREA = .90

•
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