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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

Example No. 10-1 Flood Frequency Analysis
Station Name - Agua Fria River near Mayer, Arizona
Station Number - 09512500

Drainage Area - 588 square miles

Period of Record - 1940 through 1989
Flood Data

A continuous, 50-year systematic record is available; the entire record is used in the analysis. All
annual floods are considered to be caused by rainfall. There are no historic data. There are no
zero flow years. The high and low floods of record are 31,100 cfs (1980) and 740 cfs (1974),
respectively. The record is considered stationary.

Flood Frequency Analysis

The high outlier limit is calculated at 47,000 cfs, and no high outliers are identified. The low
outlier limit is calculated at 652 cfs, and no low outliers are identified. No extraordinary floods
are identified.

The length of the systematic record is for the period 1940 through 1989 (N; = 50). There are no
zero flow years or low outliers (Z = 0), and the effective length of the systematic record is 50-
years (Ns = Nt - Z = 50 - 0 = 50). There is no special treatment in calculating the plotting
positions.

The annual flood peak discharges are plotted on the three probability papers at their respective
plotting positions. The extreme value (EV) graph shows a concave up form to the data points,
and a linear trend to data with P, less than about 0.17. The log-extreme value (LEV) graph
shows a concave down form to the data points, and a linear trend to data with P. less than
about 0.31. The lognormal (LN) graph shows a good linear trend to the data points for all but
the smallest flood peak discharges. The LN is selected as the best representation of the
probability distribution of floods with return periods that are equal to or longer than 2-years.

Confidence limits are set about the LN best fit line. The 43 largest floods (N, = 43) are used to
establish the best fit line. The estimated 100-yr flood peak discharge is 37,000 cfs with 90
percent upper and lower confidence limits of 54,900 cfs and 25,000 cfs respectively.

Discussion

This example illustrates a flood frequency analysis that does not require any special treatment
of the data. The LN graph provides the best straight line fit to the data. The results represent an
example of the best graph to select. The range for the confidence limits is relatively tight
because the 43 largest floods can be used to establish the best fit line.
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542

09512500 AGUA FRIA RIVER REAR MAYER, AZ

GILA RIVER BASIN

LOCATION.--Lat 34°1B’55%, long 112°03/48", in WWSE% sec.20, T.11 W., R.3 E., Yavapei County, Hydrologic
Unit 15070102, on left hank at Sycamore damsite, 700 ft downstream from Big Rug Creek and 12 mi southeast

of Mayer.

DRAINAGE AREA.--585 miZ,

REMARKS.--Diversions above station for mining and irrigation of sbout 600 acres. Perry Canal, which
previously headed 300 ft above the gage, was washed out on July 11, 1977, end was not rebuilt.

ANHUAL PEAX DISCHARGE

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

ANNUAL PEAX ANNUAL PEAK
WATER DISCHARGE WATER D1SCHARGE
YEAR DATE CFTS/s) YEAR DATE CFT/5)
1940 06-26-40 5,920 1965 04-04-65 7,470
1941 03-01-41 13,000 1966 12-22-65 12,100
1942 08-06-42 6,280 1967 08-19-67 6,960
1943 09-25-43 3,500 1968 12-19-67 3,850
1964 09-16-44 3,810 1969 08-07-69 2,490
1945 07-27-45 2,620 1970 09-05-70. 19,800
1946 07-22-46 4,930 1971 08-25-71 7,280
1947 08-16-47 1,610 1972 08-12-72 6,800
1948 08-04-48 6,830 973 10-07-72 10,700
1949 01-13-49 2,460 1974 07-20-74 740
1950 07-17-50 2,170 1975 07-27-75 2,190
1951 08-28-51 8,180 1976 02-09-76 9,700
1952 01-18-52 7,500 1977 08-23-77 5,480
1953 07-08-53 5,510 1978 03-01-78 9,900
1954 09-03-54 4,570 1979 12-18-78 18,300
1955 08-03-55 12,800 1980 02-19-80 33,100
1956 07-25-56 6,880 1981 09-23-81 2,850
1957 08-13-57 2,710 1982 09-10-82 3,040
1958 06-21-58 4,620 1983 09-23-83 9,90
1959 08-04-59 9,700 1984 08-14-84 3,620
1960 08-08-60 4,820 1985 12-27-84 2,880
1961 07-22-61 10,200 1986 11-26-85 3,970
1962 09-13-62 2,470 1987 10-11-86 6,070
1963 08-19-63 12,800 1988 08-29-88 25,500
1964 07-24-64 9,000 1989 08-18-89 1,280

BASIN CHARACTERISTICS
MEAN HEAN .
MAIN BASIN ANNUAL RAINFALL INTENSITY, 24-HOUR
CHANNEL STREAM ELEVA- FORESTED PRECIPI-
SLOPE LENGTH TION AREA SOIL TATION 2-YEAR 50-YEAR
CFT/MI) (MDD ¢FT) (PERCENT) INDEX 3T)) CIN) ()
56.9 37.5 5,000 3.4 1.3 16.7 2.1 4.3 B
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GILA RIVER BASIN 33

09512500 AGUA FRIA RIVER NEAR MAYER, AZ--Continued

MEAN MONTHLY AMD ANNUAL DISCHARGES 1941-89 MAGNITUDE AND PROBABILITY OF ANNUAL LOW FLOW
BASED ON PERIOD OF RECORD 1941-89
STAN- e
DARD COEFFI- PERCENT DISCHARGE, IN FTSIS, FOR INDICATED
DEVIA- CIENT OF  OF PER1CD RECURRENCE INTERVAL, IN YEARS, AMD
MAXIMUM MINIMUM  MEAN  TION  VARI-  ANNUAL  (COM- HON-EXCEEDANCE PROBABILITY, IN PERCENT
MONTH (FT3/8) (FTS/S) (FT3/S) (FT3/S) ATION  RUNOFF SEQU- o smesmom oo
------------------------------------------------------------ TIVE 2 5 10 20 50 100t
DAYS) 50X 20X  10% 5% 2 1%
OCTOBER 23 0.14 10 33 3.2 T8 et TR L L LR L P L PR PO LR L R PR TR
NOVEMBER 146  0.10 10 3 2.4 3.8
DECEMBER 453  0.08 34 87 2.6 12.6 1 0.00 0.00 0.00 0.00 0.00 0.00
JANUARY 288 0.07 23 50 2.2 8.5 3 0.00 0.00 0.00 0.00 0.00 0.00
FEBRUARY 1,180  0.02 53 173 3.3 19.7 7 0.00 000 0.00 0.00 0.00 0.00
MARCH 373 0.01 46 83 1.8 17.2 1  0.00 0.00 0.00 0.00 0.00 0.00
APRIL 314 0.00 22 58 2.7 8.0 30 000 0.00 0.00 0.00 0.00 0.00
HAY 20 0.03 3.1 5.1 1.8 1.1 60 0.57 0.19 0.11 0.06 0.03 0.02
JUNE 23 0.0 23 3.7 1.7 0.8 90 0.9 0.29 0.6 0.09  0.05 0.03
JULY 48 0.15 12 13 1.0 4.5 120 1.9 046 0.3 0.19  0.09 0.05
AUGUST 244 0.31 37 52 1.4 13.7 183 4.4 1.6  0.85 0.48 0.2 0.15
SEPTEMBER 187  0.20 17 3% 2.1 L T e T P P DT L DT PR P EE P PP LT PSP
ANNUAL 122 1.5 22 26 .2 100
MAGNITUDE AND PROBABILITY OF ANNUAL HIGH FLOW
BASED ON PERIOD OF RECORD 1941-89
MAGNITUDE AND PROBABILITY OF INSTANTANEOUS PEAK FLOW =~ ==-===s=sossscocosecoooee oo m e mm e e
BASED ON PERIOD OF RECORD 1940-89 DISCHARGE, IN FT3/S, FOR INDICATED
PERIOD RECURRENCE INTERVAL, IN YEARS, AND
--------------------------------------------------------- (CON- EXCEEDANCE PROBABILITY, IN PERCENT
DISCHARGE, IN FT’IS, FOR INDICATED RECURRENCE INTERVAL SECU~  wccsccciccccccncnnnncssscnocnsnccasnanananas
IN YEARS, AND EXCEEDANCE PROBABILITY, IN PERCENT TIVE 2 5 10 . 50 1004
--------------------------------------------------------- DAYS) 50X  20% 0% 4% P2 1%
2 5 10 -] 50 100 mmeeeeeemeeeeeeeene e
50% 20% 10% 4 k. %
--------------------------------------------------------- 1 793 2,000 3,290 5,670 8,110 11,200
3 388 998 1,680 2,970 4,340 6,150
5,920 10,600 14,500 20,500 25,800 31,700 T 26 564 946 1,660 2,390 3,350
--------------------------------------------------------- 15 130 333 549 %3 1,340 1,850
WEIGHTED SKEW (LOGS)= 0.16 30 83 211 U3 57 799 1,070
MEAK (LoGs)= 3,78 60 53 13, 216 356 489 49
STANDARD DEV. (LOGS)= 0.30 90 38 95 155 258 359 483

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

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

{ Relisbility of values in colusn is uncertain, and potential errors are large.
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544 GILA RIVER BASIN
09512500 AGUA FRIA RIVER NEAR MAYER, AZ--CONTINUED
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.
Project Name Date _Q ¥ . Yal~/, 92

Location/Station AGum FRIA RITVER wear [Mawver ! A2
Designer _D 1" 2 Checker : &

FLOOD FRE.QUENCY ANALYSIS
DATA COMPILATION FORM Page _1 of 2

Gage Station Name ___ A ¢ 0 A SR T A RIVER nwenr Maver, Az

Gage Station No. 02951 2500 Drainage Area’ SR8 Sq. mi.

Period of Systematic Record ___ | 9 44 - ]9 £

WATER | 'ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
0] (2) ® 4) (5)
L9440 | 5920 L6 JunNE Y4 R
& f [ D0s¢g 1 Mar 4“4/ ¢
42 LAEG e Hue 42 R
“2 35060 25 Sepr4s G
Yy 3¢/6 16 SEPr 44 R
s 2L 20 27 JpLY ¥5~ R
4L 4934 22 Suly 9 [
477 [ 61O 1L AvE 47 <
Hg ¢ £30 |4 Ave 49| R
49 K460 13 Jpn 49 4
56 2776 I'iju.’;f 5p R
51 £/ Fo 28 Auc &1 R
5Aa 757606 19.38mn 52 R
53 55776 ¢ July 52 R
g 4578 3Seprsd| R
S5 /2 Foo 3 Ave 55| R
54¢ ¢ 2§80 A5 Joly 56 =
g 2770 13fva 57 R
5y AP 2 Jony 5F (&S
59 9 756 YAve 35| R
Go o N2 g Aoc Lo R
A /D268 21301;/ 2 =,
62 24976 125t lz|
6 > (2 826 1|9Aum 2] R
b Paoso 2y Joiyed] R

~a~rainfall (R); snowmelt (S), rain on snow (R/S), uncertain (U), other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.
Project Name _ Date _ 2% Jwly 92
Location/Station A& ¢ FRIA RIVEFR wew. Ma YER , Az

Designer

ecker

FLOOD FREQUENCY ANALYSIS
DATA COMPILATION FORM

Page 2 of 2.

WATER ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
(1) ) ) (@) (5)
19 s | 94 70 ¢ Arr (5 R

Ll | /200 22 DEc s R

L1 9640 (9 AUGC 41T R

L s 3850 19 DF¢67 R

6 24 90 7 Ave L9 R

10 19 8o S SEPr70 &

71 72 80 25 AUG 11 R

qa 800 12 Aue 7R R

13 | 10700 q0er 72 R

49 140 2630LY 74 R

15 2190 2700l 15 R

76 9700 9 FEB 1¢ R

77 54 £0 23 Ave 11 R

78 9965 | MAR 18 A

7 18 300 |8DEC 18 R

g0 33/66 | 9 FEB %o R

gl 2557 23 SEPT 4 i

g2 26 4% 16 SEPrga R

g3 9946 __123SFPT 83| R

g 3620 4806 84 R

el 288 271 DEC §4 R

§¢ 2975 2k Noy 95~ R

g1 ¢o76 )BT 8L R

38 25560 |29 A06-89] R

29 [ 290 18 Ane 89 R
- atth /zogt o
) 77220 3. 7483
s b/ 9o 0. 3334
A=250

a - rainfall (R), snowmelt (5), fain on Snow (R/S), uncertain (U), other (X) - note In comments
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date ZoLys 72
Location/Station _ Zeus Ziers Lrvee ene  Wayver  Aa

Checker

Designer ___ D7
e e e A e e i

A&y FRzH4 FRrver — sear Mayer, Az

TEesr For Alrss 4~c/ Low Ourerers

gD T Zyyg3 A= s
_5,;_’ = O.333¢ A, T 2748

Aran ﬁquJ’E/?:.
/ﬁ_’j@ﬁ: A’j@ *K.,S;y
3. 7483 + 2. 748(>333%) = 487/ 2

Ul

= VB, T7Y cts
THere are o Gz > V£,3?3¢f5

.o Ne  Sreyw Carcrers

Low Qurerer:
/‘25 @, = Z‘fz 0 e
= ZUYE3 — 28 (0.3334) = Z.825Y
Qs £ET <
T heee are ~o P < BT s

. A Low Owrexers
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VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date _ 20 Auwsc 72
Location/Station ___#sye Frors IEverd pwar v A= :
Checker

Designer __zr=

A4, )
THe onmeas fooct pec A scHerge et scr’ cowtir i7S |

1o zero fhw years, ansl
no low owtlicrs, ol
no #0938 owtAers, anol
no Kistore Arta, andd
120 extiraordsnary Aoocls .

P/ot‘/z'nj Zos/ ) 0s? %«er’/aﬂ :
27 ~. 4 For m= ooy Hy
Wyt 2

/engé% of systematoc record o =_J40
eHfective fongd# oA syshematic recordt ; Mg A =50 _

pc=

wHhere

&
i %
-0
27 Toien T 00199 (m-04) Vo= [y s
@ 7 2 = 0.0/95) Jeoy) = 0.0/20 i Tr= Y prs
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HIGHWAY DRAINAGE DESIGN MANUAL
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

" Project Name Date 2 ¥ JoLyY 92
Location/Station _A & () A FRIHA RIVER  nweae Moy er A Z. .
Designer DT 2 Checker “

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM Page _1_of 2
Gage Station Name A cpA  FRIA RIVER nenr Mayer,AZ
Gage Station No. _0 747 2 55 Drainage Area _5f% _ sg. mi.

Period of Systematic Record | 94 - (9 %9

Check if the data contains any of the following:

Broken Record e Mixed Population __ High Qutliers .
Historic or
Extraordinary Data ____ Zero Flow Year ___ Low Qutliers —_—
Document the plotting position equation or data treatment on a separate sheet.
FLOOD PEAK RANK PLOTTING POSITION
DISCHA(I;I)GWE (cfs) I " o _L__t . ”
3300 Fa 0.0 £2 7
A5 S50 & G032 51. 5
19 o0 =1 O 05 A 19.2
| %300 & O 0738 1 3.9
| 200 5 0,09 2 kD, &
[ 860 L Os 1) i
L2 Zoo 7 - 13/ 7 -6
/2100 g (1.5 L.l
1o 706 9 O -1 5.8
L6 2006 Lo ©.19! 5.4
9 Q46 1l oY1, 4.7
9 960 LA 023 -
9700 | o= ol 4.0
9000 == D.29/ 3.4
2180 ) G O. 311 2.8
75700 17 O .33/ 3.0
7470 1@ 0. .351 o d s
7R850 . O, 311 = 0
6440 2O 0.390 A o
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FLOOD FREQUENCY EXAMPLES

Project No.

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA

Project Name

Location/Station A A FRIA RIVER weaw

Date

TRACS No.

2% SulyY 942

MANER AZ

Designer

DIp

Checker

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM

Page 2 _of 3
FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE {cfs)
) @ P, @ T @)
L R2¥ O 2 Q. Yin 2.4
L% 34 o = 8 O . Y30 2.3
LZgoO 22 O.Ys5p D .
| 28N 24 O YID Q.13
LoD 25 Q- N9D 2 .04
SS90 20 O. 510 i
510 ) 0. 530 1.87
F4 20 a5 . 550 .82
4920 29 ® 5720 [y 3l
4220 30 Q.59 LET
4620 3 Q. Ll [ Lt
Y4570 232 D. 63T 1. 5%
2970 33 D.L%% | a4
385D 3 ¢ 0-bl9 .44
381D 35 0689 P 2210
3620 36 0. 709 R
3500 37 D. 739 189
304D 38 0.749 [.3¢%
2340 39 0.7.9 .30
RRED Lo Q. 289 ].27
KRI1LD “ HD. 509 [. Y
RULAD M2, g. %29 L. 2
2490 43 0. 249 1.1
2470 Hy D BLT l)s
24950 Hs~ 0. 588 =
2190 “4{, 0.90% l.1o
217D 4437 0.92% L.OF
Il 1 “4q 0. 948 L.0S"
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.
Project Name Date _ 8 Sucy P

Location/Station SGp B  FRIA KI/ER nese MByere, A2
Designer DT Checker

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM Page 3 __ of .3
FLOOD PEAK RANK " PLOTTING POSITION n
DISCHARGE (cfs)
(1 (2) P O] T, @
L. X8D 4q O T6d l.o3
740 £0. o . 788 Lol
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HIGHWAY DRAINAGE DESIGN MANUAL

VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA

|
e 1= 9
£ 8 EBER 8
X 7 /Zw«' 4 e -
oF STATION NO __QZs7zs5e0 Hif =gl = c
= DRAINAGE AREA S & =2 2 S ;
*Er PERIOD OF RECORD__728:/777  ° =
F1=: e ! 4
i
: @
w
a
i a
(&}
-
=z 3
[:4
- (=]
w =
@ g
; -
(&]
w W
- -d
o O
5
" [&]
< o
w 3
a | &
9
&
7
6
5
4
3
2
I gi
9 — 9
= EEEE
i a?—~~" s PROJECT_ Aoer s Moy, =2 =
i
EEEe: EEE==ieRsinii DATE_E! Jiwr 52 Y 2e22 =
s FEH— = s
; = : ) Ei5e REEE T S e | !
f2] @ n 72 o — o
o @ ] o © ~ © n b m © © =] =]
} ) ] > ) 3 Py . 3
~ 0 ) 2 2 g g
RETURN PERIOD, IN YEARS — "
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
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ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA
1!

IR ARRNI ARRRA A EARR ARANE RRARIREREL RAND) HAREE IRINAREA)
N A RREEN DEANRAREN) NANDI RNANNRNRE) WESAN NARRNN| .
] L A B A RRE SRR AR AREEE L N AN e
] STATION NAME _Zur Fern
= g /9,75)/;&, L)
4
P = STATION NO. G257/ 2520
7% I'T DRAINAGE AREA S IF sp oo
1 PERIOD OF RECORD__/¢2 - /777
t t f
T 1
T
35, coo i ip
4 i ] Ny
in = /
! 1 1 D N ! I A
T jasu e AT
2, i i i f 1
l H !
e | ! ! I I I 4
w | T RIREE » / i
t; T }_ 1 7/
i 1 ] T x
z e e o g =
Zs oo™ i i + / ; &
- i it t T t
w | R N IHIITREN A0 O LI A I NS | W
o Pl | r‘J 1 o o o é,, i H =
o 1 | ! i _ ‘ﬂ / =y
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@ TN BANEE s s o R B w
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B 1
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RETURN PERIOD, IN YEARS b
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date 2% Tnd_g2z
Location/Station Asp fRia Riuese  gepn  Adesz

Designer Checker

FLOOD FREQUENCY ANALYSIS
WORK SHEET FOR LOG-NORMAL CONFIDENCE LIMITS

Gage Station Name Asn Fia Tt v Myen
Gage Station No. CF512500

Confidence Level {(C.L.) = /o) %

100-C.L. 11
Q = 2-yr 55:2522 cfs OS=——1—0-6—- = >
Q= o0y 37000 ofs & ‘% = abeldl

Y = logio (Qa_yy) = logso (5550 ) = 37443
S, - log1o Qioo-yr — 10910 Qa_yr _ logyo (s7000) - logyo (50 ) 0. 354 |
In 2.307 2.327
Limit
" U, s e @ s — <
Years T Upper Lower
(1) (2) (3) (4) 5 (6)
2 00 _3.7443 0. 540 LeBIG 4523
- 0.842 y. o424 0.0p28 13,98l B9l
10 L 4. 1982 0.0729 20, 303 1,975
=5 il 4. 343 0.0859 32,034 Lo, 71/
50 e 4408 Q.095] 42,355 (e 23
100 2.327 Y T2, o lo4? 59, (083 2 9573
Y=Y+ U 18 (Yr U,_o Sp)
(a) T & 1_;_ in (c) Q, =10 -

2
® g, {S’" ][1 v 5 U ]
N e
c T
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HIGHWAY DRAINAGE DESIGN MANUAL

VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
R ———

I
2 + = S E: =3
STATION NAME _ Fepw FBrn Rrge
= Areas _ Maver Az == = =
6= STATION NO __©OFs7Zs5w0 EE RS e E=E
- DRAINAGE AREA S sraul . FHEEEEEFF
*E PERIOD OF RECORD__/7#-/2x2 : E

o 00 N O W -

CFS

IN

DISCHARGE ,

PEAK

a0 N o w -

2k -
i 1 !
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

Example No. 10-2 Flood Frequency Analysis

Station Name - Cave Creek near Cave Creek, Arizona

Station Number - 09512300

Drainage Area - 121 square miles

Period of Record - 1958 through 1979 and 1981 through 1989
Flood Data

A broken, 31-year systematic record is available; the entire record is used in the analysis. All
annual floods are considered to be caused by rainfall. There are no historic data. Zero flow
years occurred in 1969, 1977, 1981, 1987 and 1989. The high and low floods (other than zero
flow years) of record are 12,400 cfs (1968) and 148 cfs (1984), respectively. The record is
considered stationary.

Flood Frequency Analysis

The high outlier limit is calculated at 34,400 cfs, and no high outliers are identified. The low
outlier limit is calculated at 83 cfs, and no low outliers are identified. No extraordinary floods
are identified.

The data set contains zero flow years. The length of the broken, systematic record is for the
period 1958 through 1979, and 1981 through 1989 (N, = 31). There are five zero flow years (Z =
5). The effective length of the systematic record is 26-years (Ns = Ny - Z = 31 -5 = 26). These
parameters are used in calculating the plotting positions.

The annual flood peak discharges are plotted on the three probability papers at their respective
plotting positions. The log-normal (LN) graph shows a concave down trend to the data and a
poor linear trend to the data with P. smaller than about 0.34. The log-extreme value (LEV)
graph is also concave down and a linear trend to data with P, smaller than about 0.18. The
extreme value (EV) graph shows a good linear trend for data with P, less than about 0.34. The
EV graph is accepted as the best representation of the probability distribution of floods with
return periods that are longer than about 3-years.

Confidence limits are set about the EV best fit line. The 11 largest floods (N. = 11) are used to
establish the best fit line. The estimated 100-yr flood peak discharge is 14,600 cfs with 90
percent upper and lower confidence limits of 22,600 cfs and 6,640 cfs, respectively.

Discussion

This example illustrates a flood frequency analysis for a data set that containing five zero flow
years. The EV graph provides the best fit straight line to the large floods (P less than 0.34). This
is a fairly clear choice of the best graph. The EV graph shows a linear trend for the 11 largest
floods. The range for the confidence limits is broad because only the 11 largest floods can be
used to establish the best fit line.
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HIGHWAY DRAINAGE DESIGN MANUAL

VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

P aa'l

GILA RIVER BASIN

09512300 CAVE CREEK MEAR CAVE CREEK, AZ

LOCATION.--Lat 33°47/00%, long 112°00724%, in SW% sec.12, 7.5 W., R.3 E., Haricopa County, Hydrologic Unit
15060106, on left bank, 200 ft upstream from Prescott-to-Hesa transmission line, 5 mi southwest of town of
Cave Creek, and 5.0 mi upstream from Cave Creek Dam.

DRAINAGE AREA.--121 miZ.

ANNUAL PEAK DISCHARGE

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

ANNUAL PEAK ANNUAL PEAK
WATER DISCHARGE WATER DISCHARGE
YEAR DATE (F13/8) YEAR DATE CFT/5)
1958 09-12-58 5,680 1974 08-05-74 1,390
1959 08-05-59 3,500 1975 11-02-74 856
1960 10-29-59 8,570 1976 02-09-76 1,260
1961 09-17-61 696 1977 00-00-77 0
1962 12-16-61 280 1978 03-02-78 7,500
1963 08-06-63 1,510 1979 12-18-78 6,900
1964 08-02-64 3,120 1981 00-00-81 0
1965 07-16-65 610 1982 10-02-81 1,200
1966 12-22-65 6,000 1983  03-03-83 1,420
1967 09-06-67 1,800 1984 08-09-84 148
1968 12-19-67 12,400 1985 12-27-84 910
1969 00-00-69 0 1986 07-22-86 1,350
1970 09-05-70 2,700 1987 00-00-87 0
1971 08-064-71 364 1988 08-21-88 170
1972 07-17-72 3,950 1989 00-00-8% 0
1973 10-19-72 3,950
15,000 T T T T T T
09512300
MAGNITUDE AND PROBABILITY OF INSTANTANEOUS PEAK FLOW %
BASED ON PERIOD OF RECORD 1958-79, 1981-86 ] )
12,000 |
................................................................ g
DISCHARGE, 1K FT3/S, FOR INDICATED RECURRENCE INTERVAL b
IN YEARS, AND EXCEEDANCE PROBABILITY, IN PERCENT ¢
---------------------------------------------------------------- g 9000 .
2 5 10 25 50 1004 3
50% 20% 10% 4% 2% 1% z
................................................................ y
£ 6.000
1,740 4,320 6,870 11,200 15,200 20,000 z &
................................................................ "]
WEIGHTED SKEW (LOGS)= -0.12 2
MEAN (LoGs)=  3.23 g
STANDARD DEV. (LOGS)= 0.48 < 3,000
................................................................ e
t Reliability of values in column is uncertain, and potential %
errors are large.
onn o w o w o 4u 9 ?
BASIN CHARACTERISTICS 5 2 8§ &8 B g & ¢ ¢
MEAN MEAN
HAIN BASIN ANKUAL RAINFALL INTENSITY, 24-HO
CHANNEL STREAM ELEVA- FORESTED PRECIPI-
SLOPE LENGTH TION AREA SOIL TATION 2-YEAR 50-YEAR
CFTMI) (MI) (FT) (PERCENT) INDEX CIN) C(IN) a
123 18.4 3,470 0.1 1.17 15.7 2.3 ‘b i
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D

FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date _ 2% Yooy 92
Location/Station _2pviE CREIEK  wewn  CAVE CREEK

Designer __ D7 /2

Checker

FLOOD FFiEQUENCY ANALYSIS
DATA COMPILATION FORM

Gage Station Name CAVE CREEK  nenr (Ave CREEK

Page 1 _of 2

Gage Station No. __ 5 94~ /2 2364
Period of Systematic Record /¢<g -/ 2977, [ Fgl- /98¢ , /788~ /987

Drainage Area _ /2 / S¢]. mi.

WATER ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
(1) ) 3) @ )
1958 5630 (2 SEPrsst R
59 359n 5A0 57 | R
I 510 2308 37 =
(ol e LA 17 SEerel | R
| b2 230 L DEC Gl R
b3 1510 LAVE 631 K
L4 3/2D 2A16 L4 R
5 Ll 16 SULY 651 R
bl G600 22 DE¢C 651 R
b7 [ 00 LSEPr 67 R
L3 1 A0 19 DEC._ 671 R
L9 O = ZEry Elow YEAR
10 2700 & SEPT “16 R
i) 264 H e 11 R
12 | 3950 17J0LyY 721 R
13 39556 190¢r 721 R
74 /390 5Ue 14 R
a5 F5¢ 2 MY 14 R
Wi /2 6O 9 FEB_1L1 IR
77 O - ZER) Flow Y EAR
713 1500 2 MAR 18 R
79 900 S DEC Il R
80 = . * BEOK EN
gl o - ZErRn Flow YFAR
g2 1 4,300 1226 811 (

~ra=rainfall (R), showmelt:(S); rain on show (R/S), uncertain {U), other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA

Project No. TRACS No.
Project Name Date __ 2% TOLY Y2
Location/Station 4= CAFEK meaw CAVE CREEIK

Designer _ DT P Checker

FLOOD FREQUENCY ANALYSIS
DATA COMPILATION FORM

Page 2. of 2~

WATER ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
(1) (2) (3) 4 (5)
1923 4o 2 MAR_83 7
g4l 149 ? Aus g4 R
2 q10 270 DEC 84 (4
Rl L1250 22 ULy 8L (K¢
81 fe) - ZERD  Flow YEAR
g8 170 21 AUE 8¢ 4
g9 ) - ZERA Flbw NEAR
a - rainfall (R), snowmeli (5), rain on snow (R/S), uncertain (U), other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No, TRACS No.
Project Name Date 20 Auz 2Z
LocationyStation _~ 4y CREEK fear  (Coge Creek Mz :
Designer _Dr7 Ciecker

CAVe CREEK wear C’.éae Creer, Az

TESr of Aassy aen Lew Ourire RS

fog & = FZzrs A= 28
Sy T O:5TZ33 - A, 5 2. 5Pz

Aread Ourere® :

!

/0_3@# /9_347 # /ﬁ/%

i
!

R BEIE + 2.5'02(0,5"233) = 348
F24
CP,{ = 3% é//? C;.S

74/:.412 Gre Ao QP > 3‘;; ¥/9 «Fs

4’1 /VD A//jd OMZZ//er

Low Ourerer:

Sog &, = /?56? - K, .5,5
= 3.zzys - zs’oz(o,s‘zz:ﬁ = LHFZ
z

QL = ¥z Fs
7—%914 dre O 49’5 < 83 ed's

' No  Low 0[41-///'6('5

>
-
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date __ 2o _Jys 72
Location/Station _ CAye  CReek Aenr _ Cdug SHEg
Designer __Drr Checker

&
7He anmue/ Froocl ,veq’é a‘n’fdﬁfoye. P se comtaosrs |

/?em fow years, and or
fow owtters, andd
no HgH owllers, anct
no Kstric. pota, ancl
#o extraorcinary Foods .
Plotdsng Zpss ¥oom Lguation .

’é _—_(Aé-z —,4- ﬁ’, ’”:/J"“‘J/VS

where fergg & of systematic recoral 3 W™ B

rumber  of gero Fow yeors ) o for
s s s af{ fow owllers J = =

eifectve ,é»yz(é' o sysFerrr 70 recordl Aﬁ.:/)é_—g: 2¢

“ 3/—5) M-0. 4
Je = 3/ 24 #0.2 = 0.032¢ /m—a_yj V wiz) - 2

& =) /% = 0320 )-0.9) = ©.6/92 T 52 s
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HIGHWAY DRAINAGE DESIGN MANUAL

VOLUME 2 - HYDROLOGY

APPENDIX D

FLOOD FREQUENCY EXAMPLES

Project Name

Location/Station _ A1/~ CREE K
Designer

Project No.

HYDROLOGIC DESIGN DATA

TRACS No.

ARIZONA DEPARTMENT OF TRANSPORTATION

Date

23

JoLY 9

CAVE CREFK

oTe

Checker

Gage Station Name _CmyE CREEK

FLOOD FREQUENCY ANALYSIS

D2 ¢ =2 b

PLOTTING POSITION CALCULATION FORM

Page _1 of 2.

CAVIE CRIFE= <

Gage Station No. _n 9471 A 3650

Period of Systematic Record

Check if the data contains any of the following:

Broken Record
Historic or
Extraordinary Data

1958 -197%

Drainage Area ___ /22 / sq. mi.

L FEl = 1T |, 1989 = P8

Mixed Population

Zero Flow Year

b,

High Qutiiers

Low Qutliers

Document the plotting position equation or data treatment on a separate sheet.

FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cfs)
I (1) @ P, @) T, @)
[ 4o | 0.0192 2.1
? 570 B, oI5 R 195
I5 00 3 0.0832 /2.0
LA@o Y OS5 .
booo - 0./472 4.3
5l K5 b 01792 5.0
3950 y. 0. 2112 4.7
3950 g g .3%.33 A
3579 9 & J75a 2.6
3120 1O O. 3072, 3.3
K 10D )L g.3392 2.9
(60 P I S 3 b
| 516 13 0.4032 2.5
/42D =) O .4 352 2.3
[ 290 Fs 0. 4422 Rl
/35D A 0. 4992 2.0
/ 260 17 n.522 Je
[ A00 | g NEE3R /.8
7.0 1 4 O FGE N
8450 20 0- 1,272 |. &
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name ' Date _ 25 JSvuly 42
Location/Station _C A1/, CREEIL mear CALE CREEIC !
Designer b TP

Checker

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM Page 2. of _2_.
FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cfs)
(1) 2) P (3) T, (©)]

9 i 0.5 9 2 l. s~

) 22 o I L e W oL 8

364 23 O .7 232 [ 3%

230 29 O, 7552 j. 20

170 28 n. 7872 .-,

194 23 O . 9172 L. AL
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

i |

I 1
9 3 9
8EE STATION NAME (744’ s = EEEE=sE =
7 wosiy  Cove oo h Az HTH FEEH === 7
sE STATION NO.. O75/z3c : it =
DRAINAGE AREA __£Z/ . »' = :
SE PERIOD OF RECORD./ZE-2% 2-5¢ 3¢ = 5
—4-}433
@
[T
o
1] b
W o
(&)
-
z 3
= o
o
W =
o
['4 o
o (=]
T |
(8]
0 W
= o
o
« o
o 8
w S
m
| 7 m:
7B R R PROJECT L A Mt H°
e EEEL S IS DATE. 2/ oy 72 gy D72 =
== as: Ba =1
; I V2R I =t ¥ v - et —
. S22E. N33R SEa eyl el SR RO rﬁ. EESEZCSSE
% © ) N = Il
-4 o o © ~ © n % m o o o [=]
. F’e . . . o-
™ S & 8 frs] _8’) §

RETURN PERIOD, IN YEARS
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ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.
Project Name Date
Location/Station __"ave (e amman Cave CREEK

Designer oy Checker
A e e R S T e B

28 Ty 72

FLOOD FREQUENCY ANALYSIS
WORK SHEET FOR EXTREME VALUE CONFIDENCE LIMITS

Gage Station Name Cave Cresi  weit. (= (#ezc

Gage Station No. 29912300
Confidence Level (C.L.) = 77 %
100-C.L.
= 291 ZZCZZ cfs o= "—--_rﬂo-(-)— = —_._.-a!m.-——.—
Q= 0. /(o000 __cfs U1-% S L . —
NC = _..._....I_L_w.__.._.‘
- Giooyr = @y (Moo ) - ( oo ) - _3183.8
4.2336 4.2336
B=Q,, -.3665A = (/100 ) - 3665(3/55.5) = =37
Q=B+ 5772A = (-¢87 ) + 5772(35%.9 ) = 19772
Sov = 5z = LI 7) - 7
ev
7797 7797
T K Z (a) S; (b) Q; () Limits (d)
Years (1) ) @3) (4) (5) Upper (6) | Lower (7)
2 1643 9179 1132 1100 7942 |-742 -0
5 7195 15468 190 45 7250 1570
10 1.3046 20878 | 7575 20E U349 | 7872
25 2000 289 | 399 l0/31 /5.8 4421
50 2.5923 33684 | 4)5¢ [2375 928 | 5542
100 3.1367 3.9240 | Y539 101 22,510 lefptd |

(a)

1

Z=(1.0 + 1.1396K + 1.1K2)2
4
St = Sy 7
N z
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

Example No. 10-3 Flood Frequency Analysis
Station Name - Hassayampa River near Wickenburg, Arizona
Station Number - 09515500

Drainage Area - 417 square miles

Period of Record - 1938, 1946 through 1982

Flood Data

A broken, 38 -year systematic record is available; the entire record is used in the analysis. All
annual floods are considered to be caused by rainfall. There are no zero flow years. The high
and low floods of record are 58,000 cfs (1970) and 154 cfs (1975), respectively. The 1925
(25,500 cfs), 1927 (27,000 cfs), and 1937 (22,000 cfs) floods are indicated in the records of the
U.S. Geological Survey (USGS) as historic data. The 1951 flood (27,000 cfs) is indicated in the
records of the USGS as being the largest since 1927. The 1970 flood (58,000 cfs) is indicated in
the records of the USGS as being the largest since 1890. The record is considered stationary.

Flood Frequency Analysis

The high outlier limit is calculated at 130,000 cfs, and no high outliers are identified. The low
outlier limit is calculated at 107 cfs, and no low outliers are identified. Extraordinary floods are
identified for 1951 (27,000 cfs) and 1970 (58,000 cfs) because these floods, from the systematic
record, are known to be larger than any flood since 1927 and 1890, respectively, prior to the
start of the systematic record. The 1980 flood (24,000 cfs) is also extraordinary because it is
larger than the 1937 historic data (22,000 cfs). The station was discontinued after 1982;
however, the USGS records that were used are for a period through 1989. Because of the
presence of historic data and extraordinary floods, the effective length of record can be
extended, and because of the information that is available, the record can be extended at both
ends of the record. The record can be extended backward to 1890 because the USGS records
indicate that the largest flood of record (58,000 cfs) is the largest since 1890. The record can
also be extended for the period 1982 to 1989 because estimated floods would be reported by
the USGS, or others, for that period if floods had occurred that were as large as or larger than
any of the six historic and extraordinary floods (22,000 cfs to 58,000 cfs).

The effective record length, as previously described, is for the period 1890 through 1989 (N =
100). The length of the systematic record is for the period 1938 and 1946 through 1982 (N; =
38). There are no zero flow years or low outliers (Z = 0), and the effective length of the
systematic record is 38 years (Ns = N;- Z = 38 - 0 = 38). There are three historic floods (h = 3),
and there are three extraordinary floods in the systematic record (e = 3). The sum of historic
plus extraordinary floods is six (k =h + e =3 + 3 = 6). There are 41 systematic plus historic floods
(Ng = Ns+h =38+ 3 =41). The parameters are used in calculating the plotting positions.

The annual flood peak discharges are plotted on the three probability papers at their respective
plotting positions. The extreme value (EV) graph does not show a linear trend. The log-extreme
value (LEV) graph shows a concave down trend to the data points, and a weak linear trend to

January 2014 Page: D-29 ADOT

Intermodal Transportation



HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

data with P, less than 0.42. The log-normal (LN) shows a slight break in the data points at about
P. = 0.45, and a reasonable linear trend for the data points with P, less than 0.42. The LN graph
is selected as the best representation of the probability distribution of floods with' return
periods that are longer than about 3-years.

Confidence limits are set about the LN best fit line. The 20 largest floods (N, = 20) are used to
establish the best fit line. The estimated 100-yr flood peak discharge is 42,000 cfs with 90
percent upper and lower confidence limits of 88,900 cfs and 19,800 cfs, respectively.

Discussion

This example illustrates a flood frequency analysis for a data set containing historic data and
extraordinary floods. The effective record length was extended beyond the length of the
systematic record. The LN graph is selected as the best straight line fit to the 20 largest floods.
The results represent an example of the best graph paper to select. The range for the
confidence limits is somewhat broad because only the 20 largest floods can be used to establish
the best fit line.
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MANUAL

APPENDIX D

FLOOD FREQUENCY EXAMPLES

GILA RIVER BASIN

09515500 HASSAYAMPA RIVER AT BOX DAMSITE, NEAR WICKENBURG, AZ

571

LOCATION.--Lat 34°02/42%, long 112°42'33%, in SWASE% sec.7, T.8 M., R.& W., Yavapai County, Hydrologic Unit
15070103, on right bank at Box damsite, 5.5 mi northeast of Wickenburg.

DRAINAGE AREA.--417 miZ2.

REMARKS.--Small diversions for irrigation and mining sbove station.

ANKUAL PEAK DISCHARGE

ANKUAL PEAK ANNUAL PEAK

WATER DISCHARGE  DISCHARGE WATER DISCHARGE  DISCHARGE
YEAR DATE (FT¥/8) CODES YEAR DATE (F1Y/5) CODES
1925 09-19-25 25,500 HP 1963 08-17-63 2,150

1927 02-16-27 27,100 HP 1964 07-14-64 1,230

1937 02-07-37 22,000 HP 1965 09-02-65 9,060

1938 03-03-38 10,000 1966 12-10-65 5,560

1946 08-11-46 1,710 1967 12-07-66 1,740

1947 08-08-47 2,300 1968 12-19-67 11,200

1948 08-05-48 5,600 1969 09-13-49 4,630

1949 09-26-49 2,910 1970 09-05-70 8,000

1950 10-18-49 5,500 1971 08-25-71 556

1951 08-29-51 127,000 1972 08-27-72 800

1952 12-30-51 1,590 1973 10-07-72 2,600

1953 07-18-53 865 1974 07-20-74 5,560

1954 03-23-54 3,090 1975 07-28-75 154

1955 07-23-55 8,840 1976 02-09-76 4,560

1956 08-18-56 1,210 1977 08-15-77 315

1957 08-10-57 1,980 1978 03-02-78 16,000

1958 09-05-58 10,600 1979 03-28-79 9,640

1959 08-24-59 5,110 1980 02-19-80 24,900

1960 12-26-59 3,210 1981 07-10-81 698

1961 08-19-61 1,150 1982 03-15-82 2,940

1962 09-21-62 1,510

1 Highest since 1927.
2 Highest since 1890.
BASIN CHARACTERISTICS
MEAN HEAN

MAIN BASIN ANNUAL RAINFALL INTENSITY, 24-HOUR
CHANNEL STREAM ELEVA- FORESTED PRECIPI-

SLOPE LENGTH TION AREA solL TATION 2-YEAR 50-YEAR
(FT/MD) (M1) (FT) (PERCENT) INDEX (1N) (IN) ()
71.0 45.0 4,750 9.6 1.0 19.3 2.4 4.7
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

GILA RIVER BASIN 573
09515500 HASSAYAMPA RIVER AT BOX DAMSITE, NEAR WICKENBURG, AZ--CONTIWUED

60,000 T T T T T T T T T T T
09515500
= 55,000
3
& 50,000
&
ﬁ 45,000
E 40,000
T
T 35000
Q
£ 30,000
¢
25,000
5
g 20,000
74
g 1,000
2
2 10,000
E
5,000
e [=] 0 (=] '] o
[=] n (=) ['s} (=] w [=]
= 180 T T T T T T
g 09515500 o
w160 -
(4
& uof .
E 120 | -
Q
E 1
B 100 i
z
B 80 - . .
74
-
5 6ot -
4] -
(=1
zZ = MEDIAN 4
g 40
= L . -
= 2
< 20 r I. -
2 N m—‘ n
NIRRT
o n o ) o ) o (']
1,400 T T T T T T T T T T T
N 09515500
1,200 !N, PERIOD OF RECORD 1947-82
/ \ 4 —8  MEAN MONTHLY
h \ MAXIMUM i
LeEe - / \ e---o MEAN MONTHLY
MEAN

i 3 o——8 MEAN MONTHLY
800 / \ MINIMUM b

600 | / \ -
400 - ‘ \ .
200 | // ’__’___‘__“‘\'\\L‘ﬁ‘// N -

o P LTt Sl . L

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

MEAN MONTHLY DISCHARGE, IN CUBIC FEET PER SECOND

g i = —pe A
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name __ i Date

Location/Station ([fAS SAYAmMPA _ RIVER wvewr  WICKENBURG , A2
Checker

L

Designer

FLOOD FREQUENCY ANALYSIS

DATA COMPILATION FORM Page _1_of 2
Gage Station Name HAaSsAYAM LA RIWVER wme = &
Gage Station No. O 957145 5 Drainage Area “417 sq. mi.
Period of Systematic Record |93 anp 1946 throogh 1982
WATER ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
(1) @ ) @) ®)
VAR 25 500 19 Seerasl R HisTorie
19271 27 (op i FFB 2721 R HISToR |c.
1937 | 22 000 1 FER 37 R HiSTarlc
3% | 16 oo 3 HBR 33 5
(°139-1945]  — = - BROKEN _ RELHRD
194 | 171D 1 Ave 4Ll R
47 23060 ® At 41 R
4s| 5600 5 A0 8l R
491 29,0 AL SEer 49 R
o] 5500 |8 8L 47
51 | 29000 129406 511 R EXIRRORDINARY
s | 5ap 30 pEc 51| R
53 g¢5  g3m 53] B
54 | 3p9p 2> Mar 51 R
S8 294D 23 % 551 R
56 | 1240 19 AvE 5[] R
57 1 1988 0 Ave 570 R
58 | solse 5 Seprsgl R
59 1 sl 24 Ave 571 R
A 521b 2L DFL 57| R
Gl 1AD 19A6 ¢l | R
L2 150 20SEred R
b9 2/40 174 631 R

- sa=iainfall-(R), snowmelt (S); rain on snow (R/S), uncertain (U), other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date _ 2 & SULY 92
Location/Station HA SSAYA MPR _RIVER pear e ZVBURE Az

Designer _ DTP Checker

FLOOD FREQUENCY ANALYSIS

DATA COMPILATION FORM Page 2. of -2
WATER ANNUAL PEAK DATE FLOOD 5 COMMENTS
YEAR DISCHARGE (cfs) TYPE
(1) @ ®) @) (5)
1964 EY) [4 0L L4 R
LS | Gp6o A SEPr 5] R
o, 5540 10 DECGs] R
(o1 L7 40 TDEC Ll R
L3 1L 206 [7DpEcedl R
9 | 49630  /3Serre7l R .
72 | 5% 0o 5 SEer 90 R ey trmordinary
91 55 2506 11 R '
72 266 24 Abezal R
73 | 24006 70cr72) R
7Y 5760  |1p ouy 74 R
- il /54 23 151 R
2% | 4560 9FEB 9 | R
i 315 15 AUG 77 R
78 | /4g00 2 MUK 49 R
79 9448 A9 MAR 79 R
g0 24960 19 FEB 80 R € % T.l—no;—d}maf-v
%/ (79 10 303l R '
g2 | 2949 15 118k 82 R
MS =y
— Arish .}bﬁ,'o
) Q075" i b
S | [ Aps” O.35°72¢
_ a-rainfall {R), snowmelt (S), rain on show (R/S), uncertain (U), other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date =o Aus @z
Location/Station _4/xdsc A vdmpPh  PruehR  Nese Wrekeopuse Lz
Designer 7 Checker

/%455/9’)44/?7}’4 Arver pea- }/.z’:kéuauﬁé'/ Az

TEsr dox sy awd Lotw Onrirers

Jos @ = 35729 /55' 174

S, T o.sozd A= 2ETZ

Arey Ourcrsp :

Sos &, s @ 4 /AL S,

W

35729 » 2.9z (aspzs) = 57//43
=1
&y = /320,118 eFs

f/f}e a e No Q’: } /3!9, //2 C[.S

o No  Srey Ourirsps

lew Oprirer:

a5 G

1

= Es57298- 2.1?2[@.5"73@’) = Zoz/s5T

= 42,_ = JoF ts

:f/f/e are O Qfs < V=>4 cts

<& Ao Loww OCnritrers

o
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date _ =2 Juz oz
Location/Station _ﬂé&m Arver Do Lel e kEaiBufe Az
Designer _ /- Checker

e,
TR Donid/ ;[/ad ,oﬁff 443:/477&. bty set oo irs |

7o gero flow years, ond
no Jlow owdliers, ond
HgH outhiers , andSor
Lstorie deta, ondor
‘/&W"mana/zhar/ Foocd s,
Plo t‘//'ay Positsorn Lguaoom

e” le)(#) For mlyree ) B

;é N-% N TRAVE ™ =
ch ( )(m~;£+:z e) o =4 )Mf

w/crc effechive recordd fngéx, N= (00
lenglZ of systemztoc recorel , Ny =_ 38
ek ve hngtF of systematoc record, N, =A,=_ 328
umber o Kostorie Sooas , #=_2

number ef extiraordnary Sbocks sz e
Systematre. recoma! J =_32

A=Hre =_6
M6=/‘{$+/= ﬁ_/.
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date 22 «vs 72
Location/Station __Adssaydmps  AxveR near Wrckevgure A=
Designer _ps7 Checker
e e e
4
= A‘,&a 2) //V . : 4 e g v, e
4 /1/-/4) pr-k -0 (/z/-k
2=t AV-Fkioz) H-e
A = jfeo
/V_f:/l/ :33
4h=3
e=3
h=d 4 My
éa
m-p.-,’/) _ ) 3
= (= //m zp. 0077 (m-0.¥ Y iz /-, &
£ L m-g -0/ loo—&
L= 2 }/m—p/#&’z/‘/j'g"i’
o= 0.06 # o.5zs8(m-4 %) Y om= 7 4/
Thas
@ iz ) f s Cawsrl/-04) = o.c058 17T /22 s
s 2 = 00099 (m-0.9)
/77:/
& 71=7 /2 T o084 aozw[?-./.d 2074/ f T2 I3
. e = 0.0 #6-0263(m-4. %)
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D

FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date g Ao 9
Location/Station = en e <= c
Designer __ D1 P~

Checker

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM

Gage Station Name Hpnsspvamesn RwiEr

Page

1

of A

peme (WirKenBlre, AZ
Gage StationNo. _0 945 55w o Drainage Area _“t |7 sd. mi.
Period of Systematic Record _ 19238 ano 1946 +hrovah 1982
. Check if the data contains any of the following:
Broken Record X Mixed Population High Outliers
Historic or
Extraordinary Data X Zero Flow Year Low Qutliers

Document the plotting position equation or data treatment on a separate sheet.

FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cfs)
|_ 1) @ Pe (3) T ()
5L ocoo l 0. 0D5¢% 17 22
271605 2 0-0/55 LY
2A700D 3 0. 0235 4o
25500 4 0.0348 29
24 900 4" 0. 04998 22
2ARA0Co ¢ O.0542 12
1 Looo 7 B Bl [3
1RO g O . 1029 9.7
1O L66 9 O, 1297 7.7
[0 Coo 10 0. 1565 L4
I Lo Lt 0 .[833 54
FOLO {2 O .2lo! .9
ggto ) 3 0.23L9 4.2
5¢00 L 02637 38
SoLn LS OH.R705” 3.4
FE5LD | le O 3173 3.2
5500 i3 0. 344 2T
JD L S o .3709 2.7
4l 30 19 o .3977 2.4
Y5 LD e O A4S 2.9
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

Project No.

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA

Project Name

Designer

TRACS No.
Date 9 _Avée 92
Location/Station _HAs spa~ AMPA  RIVER neme = &
Drpe Checker

FLOOD FREQUENCY ANALYSIS
PLOTTING POSITION CALCULATION FORM

Page _2 of <l

FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cfs)

(1 2 P, ® T, )
Inio 2| Kl S 2. 2
309n R 0. 478/ 2
2940 23 0. 5np49 1. 9%
K910 24 0. 5517 |. 2%
RE00 5 0. 5595 [ .29
2300 il O .5R53 r.u 1
2ASO 27 O .6l) [ .63

19 30 A¥ 0 .L239 LATE
1 1%0 29 O 6657 [ .50
(210 30 AL ). HY
/590 2 32193 .39
15710 32, O, 7461 l. 24
[ 230 33 f.739 .29
[ A1D 24 £, T 9977 ]. A5
1150 35 0.8 20S5 -
Y65 36 O 8532 [ .17
g6 p 37 o ggol 132
9% 39 ©.9069 [ .10
A5 3g 0.9337 |.07
-2 40 0.9 6o i,
1oy Y 0 I i l.ol
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

M ~N o W -

STATION NO.__&9s7ssv0
DRAINAGE AREA %42 sp. .
© PERIOD OF RECORDAZZZ 22 27.33 #4°22

o o N o o -

CFsS

IN

LOG NORMAL PAPER

DISCHARGE ,

PEAK
3 1/2 CYCLE

1 54 |

9 == H : 9

. :

i : St E i PROJECT Soor  Tak Mfans 13 i

== = 3 i DATE__=Z/ As 5z By =N
1 Ee : ; =0

== 1 + -
s At T S =N
g:_ go‘ ﬁ o © ~ © 0 g
"“ 8
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
T T I T T T
[ERINANI ARRRIRNNRE| IIIIIIIﬂIIIIIHill]llll[lllll _
] LN AR NN ERERRERE RRERE BRI AR ) TrorTrmTrTITy
1 STATION NAME — £&ssarames Frvep
mi wenr _brcrgsparpe . Az ] -
EI STATION NO._OZs/s5sC [ S
I DRAINAGE AREA__ 227 . ot .
| PERIOD OF RECORD.Lfz5 27 37-38 54~ 32 44 L]
No straight line T : S f;rf -
fit to data. J1L -
(1] s -:-__" e
W H 1 T i === g -
© -1 w
= ] ] 1 g I e a
S0 N i 117 P
w : 11—t w
: : = :
b SRR T - " g
L8] R O
0 i S w
Yo, 003 T T 5
- £
x sns |
o L] { 1 11 -
3o, oo I 1]
41 4] o I
] T o
20, ooo
/a(oao d. g o~
i _l_“ﬁ" i 1 PROJECT_r acd hw %43 -
O T T T DATE 2/ Fue T2 BY 2722 1
|~ CRICH. Wb "ﬂT it =1 { H bt
001 @ wn o - o~
a0 60 @ o N~ @ N ¥ M o -2 Q Q =] 8
Pe -
“ o e ¥ 8 =8 2
RETURN PERIOD . IN YEARS 0
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APPENDIX D
FLOOD FREQUENCY EXAMPLES

HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

I : = ES
== s TS ke e S == =
— ¥ R R ST e = 9
BE STATION NAME &ssaswnne use £ 8
E Aonr  WorexehFupe Tz EE
s STATION NO._@%s/ruwo =] :
JE DRAINAGE AREA___$77 s an E o
E PERIOD OF RECORDZZL2y s7=sp #4-g> i *
E =
= 3
] s F i - 4
3—- . St — —TT
3
= 7 =
T e .,1____
= R —
S 1 s o e —
5 . T %
| _ o
9 = I
: = 9
8
7
7
) =
6 o
s Y
L4
a5 o
n 4 ]
w T ]
s -
- — <
== >
S
=z = w
- — E
o £
a 2 - @
x =
° 3
[=] 8. -
. [ w
R L] 3
o of . 5
o i °
5 =S <
8 = e Ll
; ==
6
5 =
f===-
S
2 [
¥ .";
i
I
9
8 = : =2
===t : =T PROJECT Ser Zacd Ao, 3 S
& Tt - H = ) DATE _Z< sz BY =
= TS oS TR ES REtor s s e T Y ——
D e e e S R B e S oy SR e i Bt e R E e
RO MmO @ M~ @ 0 T M e - 8 g 3
Pe : ' '
& p 2 P S S
8

gl o L2
RETURN PERIOD, IN YEARS
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date =z s 2
Location/Station Hassayampbs THuer pear.  llxeasers , A=z
Designer e Checker

FIGURE 9-10
FLOOD FREQUENCY ANALYSIS
WORK SHEET FOR LOG-NORMAL CONFIDENCE LIMITS

Gage Station Name /,/,455,44,,4,44/;,;. T ven _ R s
Gage Station No. ___J95/5 57

Confidence Level (C.L) = i/ %

100-C.L.
Q= 5y 35740 __cfs Osi T = el
Q= yogyr Y2000 cfs Y, -%ﬁ = __Lo45
NC = ____L
Y = logio (Qa_y) = logyo (3570 ) = _2.5027
S, - loG10 Qioo-yr — 10910 Qoo yyr - log1o @200 ) - 10910 Gsw) _ )
8 2.327 2.327
Limits c
T U, 1 Yr @ Sr () =
- T Upper Lower
(1) (2) (3) (4) (5) i (6)
2 0.0 35527 0. 1029 £21Z 24|53
5 i 3 .9 0. 1197 /3,200 q55S
10 1.262 Y1425 0. 13389 23,49% 2204
= L5 4.3582 0. [2377 42,412 12,272
50 2052 4497 Q185 | (2,365 | 45,793
100 2.327 Y.0e232. 2. )95} R8I35 /9, 330
- Yrz U oS
@ Yr=7-+ U1'”1rsm () Q, - 10( B i

1
6" ;i
ERrR
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

Example No. 10-4 Flood Frequency Analysis
Station Name - Santa Cruz River near Lochiel, Arizona
Station Number - 09480000

Drainage Area - 82.2 square miles

Period of Record - 1949 through 1989

Flood Data

A continuous, 41-year systematic record is available: the entire record was used in the analysis.
All annual floods are considered to be caused by rainfall. There are no historic data. There are
no zero flow years. The high and low floods of record are 12,000 cfs (1978 and 1984) and 8 cfs
(1962), respectively. Two floods of 12,000 cfs in 1978 and 1984 are indicated in the records of
the U.S. Geological Survey as being the largest since 1926. The record is considered stationary.

Flood Frequency Analysis

The high outlier limit is calculated at 35,600 cfs, and no high outliers are identified. The low
outlier limit is calculated at 50 cfs, and a low outlier is identified for 1962 (8 cfs). Extraordinary
floods are identified for 1978 and 1984 (12,000 cfs each) because these floods, from the
systematic record, are known to be larger than any flood since 1926, prior to the start of the
systematic record.

The data set contains a low outlier and extraordinary floods. The effective record length is the
period 1926 through 1989 (N = 64). The length of the systematic record is the period 1949
through 1989 (N; = 41). There is one low outlier (Z = 1), and the effective length of the
systematic record is 40 years (Ns = Ny - Z = 41 - 1 = 40). There are no historic data (h = 0), but
there are two extraordinary floods (e = 2); and, k=h + e =0 + 2 = 2. There are 40 systematic
plus historic floods (Ng = Ng + h = 40 + 0 = 40). These parameters are used in calculating the
plotting positions.

The annual flood peak discharges are plotted on the three probability papers at their respective
plotting positions. The extreme value (EV) graph does not show a linear relation for the two
largest floods. The log-extreme value (LEV) graph indicates a concave down trend to the data.
The log-normal (LN) graph indicates a reasonably good linear fit for virtually all of the data. The
two largest floods, being at the same magnitude, make it impossible for those two points to lie
in a straight line with the other data. The LN graph is clearly the best linear fit to the data, and it
represents the probability distribution of floods with return periods that are equal to or longer
than 2 years.

Confidence limits are set about the LN best fit line. The 40 largest floods (N, = 40) are used to
establish the best fit line. The estimated 100-yr flood peak discharge is 12,000 cfs with 90
percent upper and lower confidence limits of 19,200 cfs and 7,500 cfs, respectively.

Discussion
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

This example illustrates a flood frequency analysis for a data set containing a low outlier and
extraordinary floods. The effective length of record was extended beyond the length of the
systematic record. The LN graph is selected as the best straight line fit to the data. The results
represent an example of the best graph paper to select. The data are nearly linear with little
scatter about the line. The range of the confidence limits is tight because all 40 data points are
used to establish the best fit line.
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D

FLOOD FREQUENCY EXAMPLES

286

09480000 SANTA CRUZ RIVER NEAR LOCHIEL, AZ

GILA RIVER BASIN

LOCATION.--Lat 3121719, long 110°35/20", in SW; sec.11, 7.26 S., R.17 E. (unsurveyed), Santa Cruz
County, Hydrologic Unit 15050301, on southern border of Spanish lend grant of San Rafael, near left
bank on downstream side of pier of bridge on county roed, 1.7 mi upstream from international boundary
and 2.5 mi northeast of Lochiel.

DRAINAGE AREA.--82.2 miZ.

REMARKS.-Small diversions for irrigation of 200 acres sbove station, mostly by pumping from ground

water.
ANKUAL PEAK DISCHARGE
ANNUAL PEAK ANNUAL PEAK
WATER DISCHARGE WATER DISCHARGE
YEAR DATE (Fr/s) YEAR DATE (F1¥s)
1949 09-13-49 1,650 1970 08-03-70 880
1950 07-30-50 4,520 1971 08-10-71 2,830
1951 08-02-51 2,560 1972 07-16-72 2,070
1952 08-16-52 550 1973 06-30-73 1,490
1953 07-14-53 3,320 1974 08-04-74 1,730
1954 07-22-54 1,570 1975 07-22-75 3,330
1955 08-06-55 4,300 1976 07-22-76 3,540
1956 07-17-56 1,360 1977 09-05-77 1,130
1957 08-09-57 688 1978 10-09-77 1‘!2,".'".')0
1958 08-07-58 380 1979 01-25-79 1,060
1959 08-14-59 243 1980 06-30-80 406
1960 07-30-60 625 1981 07-15-81 1,110
1961 08-08-61 1,120 1982 08-11-82 2,640
1962 07-29-62 7.6 1983 03-04-83 1,120
1963 08-25-63 2,390 1984 08-15-84 12,000
1964 09-09-64 2,330 1985 07-19-85 850
1965 09-12-65 4,810 1986 08-29-86 4,210
1966 08-18-66 1,780 1987 08-10-87 291
1967 08-03-67 1,870 1988 08-23-88 804
1968 12-20-67 986 1989 08-04-89 871
1969 08-05-69 484
Ljighest since 1926.
BASIN CHARACTERISTICS
MEAN MEAN
MAIN BASIN ANNUAL RAINFALL INTENSITY, 24-HOUR
CHANNEL STREAM ELEVA- FORESTED PRECIPI-
SLOPE LENGTH TION AREA SOIL TATION 2-YEAR 50-YEAR
(FT/MI) (MI) (FT) (PERCENT) INDEX (IN) (IN) (IN)
42.2 12.0 5,150 31.0 2.3 18.2 1.9 4.3
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

GILA RIVER BASIN 287
09480000 SANTA CRUZ RIVER WEAR LOCHIEL, AZ--Continued

MEAN MONTHLY AND ANNUAL DISCHARGES 1950-89 WAGNITUDE AND PROBABILITY OF ANNUAL LOW FLOM
BASED ON PERIOD OF RECORD 1950-89
STAN-  emeeeececmescscsaesessessoeosseseccsscceaocieccsenceoes
DARD COEFFI- PERCENT DISCHARGE, IN FT3/S, FOR INDICATED
DEVIA- CIENT OF  OF PERICD RECURRENCE INTERVAL, IN YEARS, AND
MAXIMUM MINIMUM  MEAN TION  VARI-  ANNUAL (CON- NOM-EXCEEDANCE PROBABILITY, IN PERCENT
MONTH CFTS/s)  (FT3/8) (FT%/S) (FT9/S) ATION  RUNOFF SECU-  ===--e=--mo-----e-essesssssesssasseessaseecses
------------------------------------------------------------ TIVE 2 5 10 20 50 1004
DAYS)  50% 20% 10% 5% 2 %
OCTOBER 77 0.00 5.2 17 3.2 41,1 emeeescemsseesseammesmssessasesessesscoesessosoooooaoes
NOVEMBER 6.8 0.00 1.4 1.5 1.4 2.3
DECEMBER 18 0.00 1.8 3.7 2.0 3.9 1 0.00 ©0.00 0.00 0.00 0.00 0.00
JANUARY 47 0.02 2.7 8.3 3.1 5.7 3 0.00 0.00 0.00 0.00 0.00 0.0
FEBRUARY 18 0.03 1.7 3.4 2.0 3.6 7 0.00 0.00 0.00 0.00 0.00 0.00
MARCH 34 0.01 1.9 5.6 2.9 4.0 14 0.00 0.00 0.00 0.00 ©0.00 0.00
APRIL 5.2 0.00 0.74 1.2 1.6 1.6 30 0.00 0,00 0.00 0.00 0.00 0.00
MAY 2.8 0.00 0.39 0.67 1.7 0.8 60 0.00 0.00 0.00 0.00 0.00 0.06
JUNE 2.8 0.00 0.30 0.65 2.2 0.6 90 0.00 0.00 0.00 0.00 0.01 0.10
JULY &9 0.03 8.6 16 1.8 17.8 120 0.00 0.00 0.00 0,05 0.12 0.4
AUGUST 187 0.00 17 38 2.2 37.0 183 0.74 0.21 0.10 0.05 0.02 0.01
SEPTEMBER 44 0.00 5.3 9.5 1.8 1.4 emmmeeeececeeiccicmeasseseesececssee e e
ANHUAL 29 0.3 3.9 5.3 1.3 100
MAGNITUDE AND PROBABILITY OF ANNUAL HIGH FLOW
BASED ON PERIOD OF RECORD 1950-89
MAGNITUDE AMD PROBABILITY OF INSTANTANEOUS PEAK FLOW =~ ==-=ssseessc;ccoccecccesscassusosucsmsasemsnrrrsscannas
BASED ONM PERIOD OF RECORD 1949-89 DISCHARGE, IN FT®/S, FOR INDICATED
PERIOD RECURRENCE INTERVAL, IN YEARS, AND
--------------------------------------------------------- (CON- EXCEEDANCE PROBABILITY, IN PERCENT
DISCHARGE, IN FT3/S, FOR INDICATED RECURRENCE INTERVAL SECU-  =eeeeeveseommocmmeemeeeeeaccseececencaaann
IN YEARS, AND EXCEEDANCE PROBABILITY, IN PERCENT TIVE 2 5 10 P 50 1004
--------------------------------------------------------- DAYS)  50% 20% 10% 4% % 1%
2 5 10 25 50 1004 meeem e emeeeememceececceecicisassscasuesenee
50% 20% 10% 4% 2 1%
--------------------------------------------------------- 1 170 439 661 963 1,190 1,410
3 ] 211 343 553 73 937
1,460 2,950 4,330 4,590 8,700 11,200 7 38 114 196 341 482 651
--------------------------------------------------------- 15 22 &6 15 202 290 398
WEIGHTED SKEW (LOGS)= 0.20 ‘ 30 1% “ 72 130 190 267
MEAN (LoGS)= 3.17 60 8.7 25 43 (4 14 161
STANDARD DEV. (LOGS)= 0.35 90 6.3 17 30 54 80 114

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

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

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

t Retiability of values in colum is uncertain, and potential errors are large.

January 2014 Page: D-47 ADOT

Intermodal Transportation
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VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

288 GILA RIVER BASIN
09480000 SANTA CRUZ RIVER MEAR LOCHIEL, AZ--ConTINUED

151000 | 1 1 1 1 1 1 ] )
09480000
[a]
g
]
i 12,000 i
B
Q
& 9000 F +
=2
Q
z
Li
(<]
o
£ 6,000 -
[&]
@
o
p'4
3
a
2 3,000} e
=
2
4
<
0
Q [=] [=] n Q 2} Q e}
8888868 ¢8¢88%
g 35 T T T T T T T T T
8 09480000
W
v 30 4
[+ 4 -
[19)
Q.
-
Woos b -
[
Q
m
3 20 F s
z
lg _
g 15t -
o
5
o 10 1
z MEDIAN 1
g 1
" / ﬂ j
3 fl n i
% 0 MH | ||'ﬂ'h
o 0 [w] wn [=] '3} (=] wn o n
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

GILA RIVER BASIN 289
©9480000 SANTA CRUZ RIVER NEAR LOCHIEL, AZ--CONTINUED

CUMULATIVE DEPARTURE FROM
THE MEAN DISCHARGE, IN
CUBIC FEET PER SECOND

1945

1950 |-

1955 |

1990

1995 |- 1

1960
1965 -
1970
1975
1980
1985

200 T T T T T T T T T T T

180 09480000 A
PERIOD OF RECORD 1950-89

160 | é— =8 MEAN MONTHLY MAXIMUM / \ -

@--=@ MEAN MONTHLY MEAN
140 I o8 MEAN MONTHLY MINIMUM / \ 7

120

100 / \ |

MEAN MONTHLY DISCHARGE, IN CUBIC FEET PER SECOND
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date __ RY OUrY F

Location/Station _Sanry Cerz RIVER wese LHOELHIEL AZ

Designer e Checker

FLOOD FREQUENCY ANALYSIS

DATA COMPILATION FORM Page 1 _of 2.
Gage Station Name __ Sa yTn CRUZ RIVER nepr Lochiel Az
Gage Station No. _02 ¢ 8 n sy Drainage Area __ 32 -2 Sq. mi.
Period of Systematic Record __ /94 9 -~ /1989
WATER ANNUAL PEAK DATE FLOOD , COMMENTS
YEAR DISCHARGE (cfs) TYPE
1) ) 3 (4) (5)
19449 | 1650 125cery K
40 4520 30 30l 5D i
A 2500 2 Ave 5] if
52 550 It Ave 52| R
53 | 3320 14 Jul 53] K
54 1570 22Tl 54 f
E5 | 4308 ¢ Avegs] R
5L 134D 2 3we L1 R
577 L3 9 pue 57| R
58 280 7 AuG 53 R
59 243 14 Ave 591 R
(o [ 5 p JoL Lol R
Ll | g126 g Aue ¢l R
L2 g 2770 2| R
L3 2390 25 Ave-3| R
L4 2330 9 seeril R
b5 NF1o 12 SEpr sl R
A 1786 1% Ave Ll R
b7 182D 3 AuG 67 R
3 996 20PEE (T R
L9 434 5 Avs- L R
70 $¢0 3806 9] R
71 2930 16 Aue 4y &
72 2040 b 3oL 72 R
73 ;90 36 Jop 13 R
«-~a=rainfall (R),"snowmelt (S), rain-on'snow (R/S), uncertain‘(U}, other (X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

Project No.

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project Name

TRACS No.
Date Y lUL:/ T
Location/Station _Shntm CRU 2 RIVFR nea-  Lpehiel , £tz

Designer

R

FLOOD FREQUENCY ANALYSIS

Checker

DATA COMPILATION FORM Page <2 of <&
WATER ANNUAL PEAK DATE FLOOD COMMENTS
YEAR DISCHARGE {(cfs) TYPE
) @) @) @ (5)
74 1130 A pAue1t] R
145 2 3% w15 | K
wif 3540 23 74| R
71| 1130 ASEPL77 R .
18 12 .0D0 Q04T 18 g Fetrmordinary
71 (000 s oAy 11 R i
30 Hbb 30 Sun 80l R
21 ) [ Jol Bl R
28 2640 U_Aveg2| R
i (120 4 mar £31 R :
o4 (2000 15 e §41 R Exransedinary
3% 27 15 §5| R
20 2 /6 29 v 8Ll R
31 291 (0 A §11 8
g9 g8+ 2300 99| R
24 i 4 A §91 R
%= g1
Q2342 (g =324~
S=3569 .Sh.vj = O 4~ 7L
a - rainfall {R), snowmelt (5), rain on snow (R/S), uncertain (U), other {X) - note in comments
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date 2o Aye Zz
Location/Station __ S, gurd  Leuz Kiver poee  _Lochel A
Designer __ D77 Checker

Savrs Crue Ffrvée  near Za:,«rﬂ, Az

TesT of Llrss avd Low Ourirers

/aj(? = 3./24s5 ) /3/5'-' s/
Sps = 0. 5274 A= Z.452

res COurerer:

/0‘9 Q# = /oj Q + /ﬁu S;._a;

i

Z/zes+ 2.892(0.527) = Y.y

ft

¥ g, 35057 oFs

T hee ae No s 7 BS 057 S

:o ‘/VO /Z//j 4 Ou(/;'efs

/dnu aan TER !

/ej Q = Jseg Q - /{V ‘5/5
= 32y5- 2492003276 = L7042
52
C?J_ = S/ c¥Fs

T here /s Owme Q < &t efs = 7 és o /54 z

ew Owe Low Oudlier = Owe Zece Ehows Vear éf(z)
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date Zo  Ays 52
Location/Station __Syers  Zrpuz  AIvER fenr  LocwZic , A=z
Designer Checker

D;'% onnua) ool peok. a’/.’sc»é@e. Hr e sett cowdossrs D
gere Fhw yeors ), and/or
low owblers | ond
Hg#h ovtSerr, and/Sor
Hstoric ata, onad/or
vd Satoorainary Fhodls,
Plotdsng Poss'to0rr .fgve/z’oz? %

pc A;f‘-z é) 76..#' m:é;'za-:)é
Ny )é* 2
= L) £ [ m-é_—.4- Jor m=Erd ey N,
# (”a!- /\/+(/V /V-;QJ-,,Q /V-e 4
where etfective recorct A-,@/# , N=_¢é4
lengl® of systemadsc record’, My =_4/

Huny oerr oF Fecro £ow years, and/or
P itiwz e ot /ow a‘/z%eﬁs_) = _1_

elfee ve épf/d ot systematre recorel ) Mg =& = 40
number of Kostorso f/oaa’s) A= _0

HDem ber’ a;[ avtraore!iior d Soocl's i e
systematre recorel, &'=_2

A=Hre = _2

Ny, SHs+# =_40_
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APPENDIX D

HIGHWAY DRAINAGE DESIGN MANUAL
FLOOD FREQUENCY EXAMPLES

VOLUME 2 - HYDROLOGY

ARIZONA DEPARTMENT OF TRANSPORTATION

HYDROLOGIC DESIGN DATA
Project No. TRACS No.
Project Name Date __Zo Aus 9z
Location/Station ___S_auruw Coouw  frice poar  Locsyrey Az
Designer _2-2 Checker
/[/ -2 /W— oY / g )
’_Le—) Aoz Y 1

)P (FIEENAL)] Y o

A= &
My = 4/
Z: /
Ns = 50
= O
e=z
K==z
s 9
%ﬂ
7y /77-9-‘7( ’
/9_("// /(Z Jé‘?) dor =] A m=2Z
= 0.0/39 (mr-0.%) Aor =/
»r=2
sy-/ )] 2 {5/-2 MNeZ- a;/
= {4// //49’ * (77 ) A%zwz f/a-z)] Vo =3 - 4
2= 0.975% [0-03/3 + o.oesY(m-2.4)] V1= 3 -.c, 40
/2 = ©.0305 L o.0zv7 (- 2.4) V =3 - 0
Thus :
=/ S = a,o/z;/_/-a.y) = 2 coss f, Zw a0
e Mm=T /o = ﬁ-c’/i'ifz-o,&j = o.ozzz ’ N
e m= Pt O.0305 roozve(3-2.4) = S.095¢
X Je = 0.0305 + .oz 5 (w1 -2.4)
m= Ho
Page: D-54 ADOT

January 2014



HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D

FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name

Date Q4% JupeyY 9 2

Location/Station Sgawr# CRu— RKIVER wenr LOCEhH, el Az .

Designer D12 Checker

FLOOD FREQUENCY ANALYSIS
PLOTTING POSITION CALCULATION FORM

Gage Station Name _SAq T4

Cru2. RIVER weaw LOCHTE¢, A=

Page 1 of 2.

Gage Station No. O 24 % non
Period of Systematic Record 194 @ — |9 89

Drainage Area % 2 . 2 sqd. mi.

.Check if the data contains any of the following:

Broken Record Mixed Population High Qutliers e
Historic or
Extraordinary Data X Zero Flow Year Low Qutliers o
Document the plotting position equation or data treatment on a separate sheet.
FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cfs)
(1) (2) _ P (3) T ) |
/2000 / 0.00E3 /20
Y-y 2 Q.ORA2A2 45
4 &/0 2 0.0435 Y 22
45720 i D070 2 A
300 5 D749 V8-
4 XD ¢ paii 77 g. 4
S3HA 7 VR i e 50 2.0
3330 P Q./L93 L 4
23206 9 a.1 94/ ot
28 30 2 D289 A G
26470 /1 0.2%37 4.1
2560 57 a.263s5 2.7
2390 . Q. 23735” e
2330 /4 0 -3/8! 2.1
20 70 /5 0.3427 o
/870 16 H.3¢97 2.1
/78D ) B B 9T e I .
1730 A 0.4172 2. 40
1650 19 0DY4420 R. A6
/540 20 A 2.4
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. TRACS No.

Project Name Date . 24 July 92
Location/Station San 1 CRuz RIWER wear |locHlEL Az, -
Designer DT> Checker .

FLOOD FREQUENCY ANALYSIS

PLOTTING POSITION CALCULATION FORM Page <2 of =L
FLOOD PEAK RANK PLOTTING POSITION
DISCHARGE (cts)
(1) ) Pe (3) T, @)
14 90 2! Q.4 916 2.03
L6l 22 O 41y ). 97
/L3 0 A3 O . 541D L8y
/720 XY O.50L0 1.7
Ll 2D 25 0.59¢% L9
(110 2 6 O . Ll5Y Li2
L0660 271 ©.-LHoH YA
B dA A O . LER [ 58
80 39 & .6 %99 L ST
7/ A0 ® 9047 L 44
g50 21 0.72395 .25
544 22 0. 7643 =Y
(88 29 0.7%91 [ 2%
RS 34 0.%139 .23
454 3¢ 0. 2387 |
454 YA _0. 9635 [IRTA
06 37 6 .8993 Ly
380 3 O .9/(3/ {10
K7/ 29 0.9379 1 .07
293 40 6. 9637 Lo |
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

STATION NQ\AE-S;’H'A Cruz  Breep

hras ochde) A=
STATION NO. OFy Focms

: DRAINAGE AREA F2.2 s m
- PERICD OF RECORD_/?47- /737

=R SR aE EECiiEn

BN N O W —

o o0 N ®©® 0 -

4
u
© &
L o
2]
-
= a
- =
. x
=]
w z
o
@ o
< (=}
T a
o
« w
= o
o
>
¥ (&)
o o
w
a =
"

I
9
8 = . 7
7 : ! PROJECT_Aper 7ol Mhws * 3
6 £ SES! 44 DATE Z¥ Jim 72 BY_ DR

T { : : 3 g it s s e
: i i E=s e
[ o -
2} o o ~ © n F?: " o s g_ 5] S

e
o~ " [=] 10 % S
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HIGHWAY DRAINAGE DESIGN MANUAL
VOLUME 2 - HYDROLOGY

APPENDIX D
FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

M0 JRAIEARAAN 0NN EE0H) KENE) NRSAN ANWN) NRNED 1A ANEE| T
0 NN RRAEL ANRNY SAREE RUNAI NNDRENRNN) SEREE INNINNEN] I
- |“‘lllllV|ll|1”r\”ll‘|lll||iliII'IIlI'IIIIIIIII|I| T
1 STATION NAME Savry £Xuze Arues
: LYear Zocéle/ s
1 STATION NO._ 22 % Foooe T
/‘/M — 5 '
4 + DRAINAGE AREA z-2 oo
4 PERIOD OF RECORD._Z#7- /239
f HiH
il
1 | L »
/2; oo @ &
No straight line fit -
to data.
/o, 000 L el |
i | 1 .
[ + : — -
v i B 11110 e e -
< 2@ ! | I O O S = T
= Iy 8205 ACEL 10018 000 0 15470 % 6 0 o s i W o
s - Aaaa S
& H HN Ty ] i I
w H 1T 1 i ok i
i 4 $ _{._‘_. I 1 1 T ) I N N AL N O I D S B [M]
3 i 51 I j E19%) I [0 OO T ! 3
< il H ! __‘ _ Bl ] o
: - e :
» T i B EFER | (s ason B} w
£ 2005 11BN EWE I ] TR — : e 2
; i by ffor =—tt . w
| i forco o] o
b4 1 ¢ H -
e | i i ! Ji= L T >
w : NIRSE 1 ! ui
a i i : -@+—+
I .J_j : -—t-— S
6/500 L :i ! 1
T ! 1
- o et — " [ o —
| REE TRl -4 i T3 ‘
o } |
Z coo : -
I " l; Ll —+1
THH et I 1 S I !
J 000 B 0 e 3 i
£+ B :
- -
Tt PROVECT_oor Tl Mles 473 ]
"~ DATE 2¢ _Tiee 92 BY_L77 =
1.1 1 | S | | | ]
1 N 15 . N ]
32 6 @ @~ @@w % oM N - 8 8 3 S
Pe <
o o S 8 8 8 g
RETURN PERIOD, IN YEARS 2
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VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION

| @ a2 HYDROLOGIC DESIGN DATA
FEET S - |
: Q@ 5
8 STATION NAME Setuza Ruzs Aroee 8
E At Locke ! Az g "
¢ STATION NO.__ Q9 ¢ Foor Fit e g : —_
DRAINAGE AREA__82.2  mis,  + EEE e : — =
®E PERIOD OF RECORD__/9¥%-. 597 ZEEES] St 2
z ;”77EEV="F"7 S = —
= ESETRIE e : rrap S e
e — T
3 o AR fﬁ*‘ E ; 3
= ma i No straight line fit o ; t :
1 ) 5 I = Sy ey e e
; to data. BEEE S8 P [BR et o ':"—;"'j———*'—'“ 1
2 - : 2
i
| -
9
a o —— —r
7 %
i ‘ &
5 -
= o
» 4 === e
w -
Q s
=== >
=z 3 w
s
. S5aE Hets &
w - -
= e i <
q 2 w
- 4
SR K o
@ - g
a
“+ w
t— g |
5 PR T =
w [&]
& serdrrn g
5 = S
= —=F HE -
5 =
et e
5 ot
===t
BE‘ ‘., s R
He- T
e
— : s B i
. =
.
; =% = |
i =ESE =5
gEssitsoss e = = e
, S pROVECT.aer TR Mtz
EES: DATE =¥ Jawe 9z BY_ 277 és
T 1 1 M. IS B $——t + el
| : T e )
n [ - o
~ o on %M © = =] Q Q =3
@ ) : Pe > g
& 8 T I :
RETURN PERIOD, IN YEARS® 2
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

ARIZONA DEPARTMENT OF TRANSPORTATION
HYDROLOGIC DESIGN DATA

Project No. 7 TRACS No.

Project Name Date 24 [Ty P2
Location/Station _Savze vz e Ak Loctler, Az

Designer __ 772 Chécker

FLOOD FREQUENCY ANALYSIS
WORK SHEET FOR LOG-NORMAL CONFIDENCE LIMITS

Gage Station Name Savre (puz Twen  aman L octet A=

Gage Station No. 9% 30000

Confidence Level (C.L) = G0 %

100-C.L.
Q= oy /357 cfs o= — = 2/
Q= jo0y /20000 cfs U_ %‘. = __Leds5

Y = Iogw (QQ—yr) = log10 (/35’0 ) = _L/E.S_._
S, = l0g10 Quogyr — 10910 Qoyr  _ 10010 (2ar0) - l004e (32) 2.9078
W 2.327 2.327
-
. U1 r v, @ P Limits (c)
Sents T Upper Lower
(1) (2) (3) 4) (5) (6)
0.0 3.1303 0.0645 1723 /057
5 0.842 3.4737 0.0750 3964 2240
10 1.282 3 .53 Q.08%0 (0255 3230
25 1.751 35493 Q. J0Ze /2.300 4737
50 2.052 3.9 0:1/3 /Y. 252 (Lad277 |
100 2.327 4.0792 0 ./24/ (9, 222. 25
(a) YT=7+ U1-Jrsf" (©) QL_.: 10(Y1':i: U1”; Sy)

2
b g - {S’” ][1 + 5 U2 ]
N = e
¢ )
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HIGHWAY DRAINAGE DESIGN MANUAL APPENDIX D
VOLUME 2 - HYDROLOGY FLOOD FREQUENCY EXAMPLES

Flood Frequency Forms and Graphs
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