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I NTRODUCTI ON

Sout h Mountain di stribut ary flow are a (SMDFA) is located in the
western portion of Sout h Mount ain Park (Fi g u r e 1 ). SMDFA i s
boun d e d on the north a nd s outh by the Sout h Mountains , a nd o n t he
west by the Gi la Rive r Indian Reservation . The SMDFA watershed
drains from the e a s t t o the west and runs thr ough t he Gil a Riv e r
I nd i a n Reservation where it empties into t he Gi la Rive r .

SMDFA is an ephemeral system with a watershed that drains an
a pp r o x i ma t e 1. 98 square mile area. There is one primary channel
o f fl ow, with the exception of a merging tributary from the s outh
i n the upp e r watershed . This main channel is deeply incised in
the upper watershed becoming less incised as it approaches the
apex. Afte r the apex the channel disperses into s e veral shal l ow
c ha n n e l s .

The purpose o f thi s rep o r t is t o comp i l e a hydr olog i c a nalysis of
t he SMDFA wa t ershe d . A hydrologic mode l will b e generate d f o r
the watersh e d and c ompared t o a ctual h i s tor ic data for a c c uracy.
I n addit ion , 1 00-year discharge v a lue s will b e calculated f or the
c h a n n e l at the apex .

Watershed Description

Ge olo g y:

The western portion o f South Mountain is comp o s e d o f Precambrian
me t a mo r p h i c and granitic rocks, including the Estrella Gneiss and
Koma t ke Granite. Estrella Gneiss c omprises t h e maj ority o f r o ck
wi th the Koma tke Granite intruding into it . Th e area has many
north -no r t hwe s t trending mid-Tertiary dikes. These intrusive
d i ke s a r e c o mpos e d o f granite and diorite (Fr e n c h , 199 2 ) .

Topog r ap hy:

Th e el e v ation in the watershed ranges from a ppr o x i mate l y 2 50 0
f eet i n the mount ains t o 14 2 0 f eet at t he hydrologic a pex . Th ere
are three ma i n typ e s o f topog r a phy i n t he watershe d; they are
mount a i n s , h i ll s l op e s and v a l l ey floor . The mounta ins are steep
a nd rugg ed wi t h l i ttl e s oi l and ve ge t a t i on . Although , the
hill slope s a re le s s steep and have s ome v e g e t a t i on o n t he m t he
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s oil lS s ha l l ow. Th e vall e y f l oor , along t he channel a bo v e t he
apex i s predominately a lluv i a l fill a nd slopes gent l y from the
e ast t o t he west a long the d i s t r ibu t ary f l ow . On t he v a l l ey
f loo r s o i l i s dee p e r and v e ge t a t i o n i s mo re p rev a lent .

Vegetation :

Veg e t a t ion in the watershed is fa irly homogeneous with less
v e g e t a t ion o n t he mountains a nd hillslopes than in the v a l l ey
f loo r . The mountains a r e sparsely vegetated wi th saguaro cacti
and creosote bushes . Hillslopes have a mixture of saguaro and
chol la cacti , mesquite t r e es and creosote bushes. Valley f loor
cover is composed of sagua r o and cholla cac t i, creosote bushe s ,
me s q u i t e and palo v e r d e trees. Trees and bushes are greater in

number around the channel s . Grasses a r e s e a s o n a l and very
l i mi t e d i n the v a l l e y f loor .

Soils:

So i ls in the s t udy area ha v e b e en d ivide d i n t o t wo groups us i ng
t h e Soil Conser v a t ion Service (S . C . S .) Soil Survey f o r Ma ri cop a
Coun t y , Ari zona (Ce n t r a l Part ) a nd through fie ld observat i on
(Fi g u r e 2 ) .

Th e mount a i n a nd steeper hi lls lope areas have been d e s i g n a t e d as
Rock out c rop - Che r i on i c omp l e x (RS) . Rock outcrop can account
fo r 65% o f thi s unit with Cherioni being 2 0% and Gac h a do 1 5%.
Che r ion i is a g ravelly loamy soil and Gachado is a sandy clay
l o am (S . C . S . , 1 977 ) . I n the watershed the conne cted roc k outcrop
was estimated a t 65% f or al l RS soil units.

The v a l l e y floor areas have been des ignated Che r ion i - Ro c k o u t crop
comp l ex (CO) . The rock outcrop c a n account f or 2 0% o f the unit
wi t h Ch e r ion i b e i ng 50% and 3 0% being c omposed o f Gac ha do , Pinal,
Gunsigh t and Rillito loams (S . C. S . , 19 77 ) . Through f ield
ob s e rva t i o n 0% o f this un it was interpreted to be conne c t e d r o ck
ou tc r op in t he wa t ers h e d .

I
I
I
I

Lan d Use:

Al l o f t he study a rea is loc a ted in So u t h
park has b e e n de s igna t e d for recreationa l
inc l u de s h iking , b iking and hors e r i d i ng .

5

Mountain Pa rk . The
u s e s on l y , whi c h

wi l d life grazes o n t h e



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

l and .

Waters h e d:

The wa t e r she d e ncomp a s s e s an area approximately 1. 98 square
mi l e s . The watershed has been divided into three subbasins;
subbasin 1, subbasin 2 and s ubbasin 3 (Fi gu r e 1 and 2 ) . Subbas in
1 has an area o f 0. 6745 square miles, subbasin 2 an area of
0 . 7628 2 square miles and subbasin 3 an area o f 0 . 5 3 7 6 square
miles . Subbasin 1 is located in the eastern portion of the
wa t e r she d with subbasin 3 , containing the hydrologic apex,
l ocated in the west .

Watershed Modeling

Me tho dology :

The methodologies used for this report come from the Drainage
Design Manual (DDM) for Maricopa County , Arizona Volume I
Hyd ro l ogy , January 1995, the Drainage Design Menu System (DDMS)
J a nua ry 1 9 95 taken f rom the DDM, and the Corps o f Engineers '
HEC-l comp u t e r model v e r s ion 4, September 1990 . The f o l l owing
me thod s were used in t he model;

Runoff conver s ion : Clark Unit Hydrograph
Losses : Green and Ampt
Rou t ing : Normal Depth and Muskingum- Cunge.

Rain f a ll :

Rainfall depths were es timated from figures in chapter 2 of the
DDM, e x c e p t for 1 Hou r and 2 Hour rainfall depths which were hand
c alcul a ted (Ap p e nd i x A) .

In thi s s tudy t hree design storms and on e h i s tor ic storm we re
u sed for a n a lysis . The design storms were t he SCS Type II 24 
Hour storm, the 6 - Ho u r Queen Creek storm and the 2-Hour FCD
r e tent ion storm. The historic storm was recorded o n November 1,
1995 at South Moun t a i n gages 6560 and 3 5 . The design storm
p recipitation v a l u e s were aerially reduced in t he DDMS by t he
following me t hod s : 1 ) the 24-Hour storm was reduced by the
Na t ion a l Weather Service HYDRO -4 0 method , 2 ) the 6 - Ho u r storm was
r e duc e d by the Qu e e n Cr e e k Curve, 3 ) the 2 -Hour storm was reduced
by u s ing Osbor n' s c u rve f r om the Wal n u t Gulch stu dy .

6
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Phy s i c a l Pa r ame t e r s:

Soil: Using a planimeter the area of soil was calculated for
each subbasin.

Lengths /Slopes: The lengths and slopes of the three subbasins
we r e taken from Hydrologic Analysis for South Mountain
Di s t r i bu t a r y Flow area, 1990 report written by Steve Waters
(Ap p e nd i x B) .

Soil Loss Calculations: A combination of the S .C.S. soil survey
and field observations we r e used to es timate t he a mount of rock
ou t c r op for the RS and CO soil units. This percentage was used
for RTIMP. The XKSAT (hyd r a u l i c conductivity at natural
saturation ) value was taken from Appendix B in the DDM . PSIF
(we t t i ng from capillary suction ) and DTHETA (DRY) (s o i l moisture

d e f i c i t at the start of rainfall ) were estimated from the graphed
Figure 4 .3 in the DDM (App e nd i x B) . These v a l u e s were then used
to calculated XKSAT , PSIF, DTHETA (DRY ) and RTIMP for each
subbasin . Init ia l abstraction (IA ) was c alculated for each basin
u s i ng values from Table 4 .1 in the DDM (App e nd i x B).

Ba s i n roughness: Basin roughness (Kb) was calculated using t he
fo l lowi ng f ormula: Kb = m log A + b, where A is drainage area a nd
m and b equation parameters were taken from Table 3 .1 in the DDM.

Ro u t i ng:

Normal Depth and Muskingum-Cunge routing were used in al l storms.
Leng t h s a nd slopes were taken from the 1990 Hydrologic report f or
South Moun t a i n . In the 1 990 report the cross -sections were
e s t i ma t e d with a hand level and tape me a s u r e . Manning's "n"
value s a re from Chow and were also taken f rom the 1 99 0 r e p o r t .
Tr ans mi s s i o n losses were estimated at 2 in/hr f or the l ower r e ac h
only .

Hydrographs:

Th e Cl a rk Uni t Hydrograph Method was used for runoff c onversions .
Tim e s of Con c e n t r a t i o n (Tc) and Storage Coeff icients (R) were
ca lcul a ted by DDMS f or the design storms (App e nd i x C) a nd ha n d

7
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c a lcul a t ed f o r t he historic storm (App e nd i x D) .

Re sul t s:

Design storm discharge s ranged f r om 30 1 cfs f or the 2-year ,
6 - ho u r storm to 4201 c f s for the 1 00 - y ear , 2-hour storm u sing
Normal Depth routing a nd from 303 cfs fo r the 2 -year , 6-hour
storm to 428 6 cfs for the 100-year, 2 -hour storm using Muskingum
Cu ng e routing (App e nd i x C). Discharge values we r e higher u sing
t h e Normal Depth routing method fo r the 6 and 24 -Hour storms but
lower f o r the 2 -Hour sto r m. The h i storic s t o rm produced a
discharge close to t he 2 -year , 24 - hour storm u sing both rou t ing
method s (Ap p e n d i x D). Comparing the 1 00 - y ear design storms to
the lOO-Year Flood Frequency Analys is fo r Maricopa County
i nd i c a t e d that the 6 and 24 -Hour s t o r ms di scharge fell near the
ave r a g e f or watersheds of thi s s i z e (App e nd i x E) . The 2 -Hour
de s i g n storm discharge was higher than average but below the
ma x i mum discharge, and s l i g h t l y higher than the discharge per
square mile value computed for the 1.75 s q . mi. "Salt River
Tributary at South Mountain " wat e rsh e d which shares the eastern
waters hed bou nd a ry with SMDFA . Th e 2- Hou r design s torms a re
p r o b a b l y the mos t re lia b le for SMDFA . Th e combina tion of high
intensity rainfall and poorly abs orbant s o i l create a h igh amount
o f r un o f f , which wa s indicated by the historic storm .

8
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Rain f all

Re tur n period 2 hour 6 hour 24 hour
(Ye a r s)

2 1. 0 3 1. 2 5 1. 6 0

5 1. 4 5 1. 80 2.2 0

1 0 1. 80 2 . 10 2.60
25 2.20 2 .70 3 .20
50 2 .5 5 3 . 00 3 .6 0

1 0 0 2.89 3 . 40 4.10

2 Hour Calculations

1 Hour Ca l culations

Di s t r i b u t i o n s - Aerial Reduction Method

p 22 0. 3 4 1 (z y r 6hr ) + 0.659 ( 2yr 1hr]

p 22 0 . 3 4 1 ( 1 . 2 5 ) + 0.6 59 ( 0 . 91) = 1.03 in.

= FCD Detention Storm (Wa l n u t Gulch)

FCD Queen Creek (Queen Creek)

SCS Type I I (National Weather Service HYDRO-40 )

p 2l00 0.341 ( 1 0 0 y r 6 h r) + 0 .6 59 (100yr 1 h r ]

p 2l00 0 . 341 ( 3 . 40 ) + O . 6 59 (2 . 62 ) = 2. B9 in.

p 12 - 0 . 011 + 0 .942 [ (2yr 6 h r ) 2 / 2yr 2 4 h r ]

p 12 -0 . 0 11 + 0.942 [ (1.2 5) 2 / L 6 0] = 0.9 1 in.

p l lOO 0 . 4 9 4 + 0 .755 [ (100yr 6hr ) 2 / 100yr 24hr]

p \ oo 0 .494 + 0.755 [ (3 .40) 2 /4 .10] = 2.62 in.

2 Hour

6 Hour

2 4 Hour
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I
I
I
I
I

Soil s per Subbasins

The soils are part of the SCS So i l Surv e y f or Ma r i c op a County - Cent r a l Pa r t
and whe r e measured off a topography map wi t h a scale o f 1: 24 , 0 0 0 u s i n g a
pl anime t e r.

Subb a s i n 1
RS = 145 2 35 2 8 . 7 ft 2

CO = 427800 8.5 f t 2

(c o n v e r s i on s)
RS 145235 28 . 7 ft 2 (1 mP / 27,8 78,4 00 . ft 2) = 0 . 52 1 0 mi 2

CO 42 78 008 .5 ft 2 (1 mi 2 / 27,878,400 . ) = 0.1535 mi 2

I
I

I
I
I
I

RS 0. 5210 mi. ? = 7 7 .2 %
Co 0 . 1535 mi. ? = 22 .8%
To t a l = 0.6745 rni 2

Subbasin 2
RS = 16 021865. ft 2

CO = 53 94 01 0. 6 f t 2

(c onve r s i on s)
RS 1602186 5. f t 2 (1 mi2 / 27 , 878 , 4 00 . f t 2)
Co 5 3 94 01 0. 6 ft 2 (1 mP / 2 7 , 87 8, 400 . ft 2)

RS 0 . 57 47 mi 2 = 74 . 8%
CO 0 . 193 5 mi2 = 25.2%
To t al = 0.7 6 82 rni 2

Su b b a s i n 3
RS = 97 80 519.2 ft 2

CO = 52 08 01 0. 2 ft 2

(conve r sion )
RS 97 80 519 . 2 ft 2 (1 m.i, ? / 27, 8 78 , 4 00 . f t 2)
CO 52 08 01 0.2 ft 2 (1 mP / 27,878,4 0 0 . ft 2)

RS 0. 3 5 08 mi2 = 65.3%
CO 0 . 1868 mi 2 = 34 . 7%
To tal = 0. 5 37 6 rni 2

0 . 5 74 7 rni, ?

0 . 1 93 5 mi ?

0 . 3 5 08 mi 2
0 .1868 mi 2

I Th e l e ng th and slope information were taken from Hydrologic Analysis f or Sout h
Mou n t i a n Dist r i butary Flow Area, 1 99 0 report wr i t t e n b y Steve Wa t e r s.

1 .16 0 mi
1. 3 02 mi
1 . 46 8 mi

(1 / 528 0mi /ft )
(1 / 528 0mi /ft )
(1 / 52 8 0mi /ft )

3. 063in (2 0 0 0 f t / i n )
3 .438in (2 0 0 0 f t / i n )
3 .87 5in (2 00 0f t / i n )

I
I
I
I
I

Le ng t h s

Sub b a s i n 1

Sub b a s i n 2
Subb a s i n 3

Sl op e s

Sub b a s i n 1
Su b b a s i n 2
Sub b a s i n 3

2200 - 1 520
22 50 - 13 80
2200 - 1 25 0

68 0ft / 1. 16 0mi
8 70ft / 1. 302mi
9 50ft / 1 . 46 8mi

58 6ft /mi
668ft /mi
647ft /mi

Adj u s t e d
Adjusted
Adjust e d

311 ft /mi
315 ft /mi
315 ft /mi



I
I
I

Soil Descrip t ions
The numbe r s a re taken f rom the Drain a g e Design Manuel unless otherwi s e
indicated.

I
I
I
I
I

RS =

XKSAT =
PSIF =
DTHETA =
RTIMP

co =

XKSAT =
PSI F =
DTHETA =
RTIMP =

6 5 % outcrop
20% Cherioni (g r ave l ly loam)
1 5% Ga c ha do (s a n dy clay l oam )
.40 in/ hr
4. 0 in
. 3 5 in
65 % (a s s ume d from field observations )

20% outcrop
50% Cherioni (g r a ve l l y l oam)
30% VG l oa m (Ga c ha d o - clay loam, Pinal - loam, Guns ight - sandy
l oam a nd Rillito - s a n dy loam)

. 29 i n /hr
4 .5 i n
. 3 5 in

0% (a s s ume d from f ield observations )

I Soil Lo s s Calculation s for t h e Subbas ins

I
I
I
I
I
I
I
I
I
I

Subas i n 1

XKSAT =
PSIF =
DTHETA (DRY)
RTIMP =

Sub basin 2
XSAT =
PSI F =
DTHETA (DRY)
RTI MP =

Su bb a s i n 3
XKSAT =
PS I F =

DTHETA (DRY)
RTIMP =

. 772 ( . 4 0 ) + .2 28 ( . 2 9 ) 0 .37 in/hr

. 772 (4 . 0 ) + . 228 (4 . 5 ) 4 . 11 i n

. 772 ( . 35 ) + . 228 ( . 3 5 ) 0 . 35 i n

. 77 2 (.65) + .2 28( 0) = . 5 01 8 o r 50. 18 %

. 748( . 4 0 ) + . 2 52 ( . 2 9 ) 0.3 7 in/hr

. 748( 4 . 0) + .252(4 .5 ) 4 .13 in

.7 48( . 35 ) + .252 ( .35 ) 0 .35 i n

. 74 8 ( . 6 5 ) .252 (0) = . 4 86 2 or 48. 62 %

. 65 3 ( . 4 0 ) + . 34 7 ( . 2 9 ) 0 . 36 in/hr

. 6 53 (4 . 0 ) + .347 (4 .5 ) 4. 17 in

. 6 53 ( . 3 5 ) + .34 7 ( .35 ) 0. 35 in

. 653 ( . 65 ) + . 34 7 (0 ) = . 424 4 o r 42 . 44 %



I Maricopa Central Soil Survey

Map % of Control XKSt

I
Unit Map Horizon Table 4.2 Inc,
No. Soli Name USDA SOli Texture Unit Depth, Inches Textural Class hou r

Cb Carrizo Gravelly Sandy Loam 85 0-5 Sandy Loam O . ~O

I Maripo Sandy Loam 3 Sandy Loam
8rios Loamy Sand 3 Loamy Sand
Anltlo Sandy Loam 3 Sandy Loam

I
Vint Fine Sandy Loam 3 Loam
Aguatt Loam 3 Loam

CeO Carrizo GravellySandy Loam 60 0-5 SandyLoam 0.1 9

I Eben VeryCobbly Clay Loam 30 2·1 3 Sandy Clay Loam
Trem ant GravellyClayLoam 10 Sandy Clay Loam

CF Carrizo Sandy Loam 45 0-5 Sandy Loam 0.50

I 8rios Sandy Loam 35 0-1 4 Sandy Loam
Vint Loamy Sand 20 O-ro Loamy Sand

Cg CasaGrande Loam 85 1·3 Loam 0.24

I Laveen Loam 3.75 Loam
Harqua GravellyClay Loam 3.75 Sandy Clay Loam
Valencia Sandy Loam 3.75 Sandy Loam

I Tucson Loam 3.75 Loam

Ch Casa Grande Loam 85 0-3 . Loam 0.24
Laveen Loam 3.75 Loam

I Estrella Loam 3.75 Loam
Harqua Gravelly ClayLoam 3.75 Sandy Clay Loam
Tucson Loam 3.75 Loam

I Ck Casa Grande Loam 75 0-3 Loam 0.30
Laveen Loam 8.33 Loam
Harqua Gravelly 5andy Loam 8.33 Sandy Loam

I DuneLand Loamy sand 8.33 Loamy sand

Cm Casa Grande Loam 40 1-3 Loam 0.26

I
Laveen Loam 40 0-15 Loam
Gilman Loam 6.67 Loam
Coolidge sandy Loam 6.67 Sandy Loam
EstreUa Loam 6.67 Loam

I Cn Cashion Clay 80 0-27 Clay 0.01
Gadsden Clay 5 Clay

I
Avondale Clay Loam 5 Clay Loam
'NinrersbLrg Clay Loam 5 Clay Loam
Glenbar Clay Loam 5 Clay Loam

r+ co Cherioni Very Gravelly Loam 62.5 O~ sandy Loam 0.29
Rock Outcrop 20
Gacl1ado VeryGravely Clay Loam 9.38 Sandy Clay Loam

I
Pinal Loam 9.38 Loam
Gunsight Loam 9.38 Loam
Riltito Loam 9.38 Loam

I
I B~

l~OyY') DOrY\. V1 9CSJ
June 1, 1992
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I Maricopa Central So il Survey

Map % of Contro l XKSAT

I
Unit Map Horizon Table 4.2 inc
No. Soli Name USDA Soli Texture Unit Depth, Inc hes Textural Class hour

" RS RockOutcrop 65 OAO

I Cherioni VeryGravellv Loam 67 l -B Sandy Loam
Gachado Very Gravelly Loam 33 Sandy Loam

Ta Toltee Loam 90 0-12 Loam 0.25

I Gilman Loam 3.33 Loam
Laveen Loam 3.33 Loam
Tucson Loam 3.33 Loam

I TS Torrifluvents Sandy Loam 100 O-bO Sandy Loam 0.40
Te Torriortl1ents

I
TO Torripsamments Loamy Sand 100 O-bO Loamy Sand .20

Torrifluvents

Te Tre mant Loam 85 0-12 Loam 0.25

I Rillito Loam 5 Loam
Laveen Loam 5 Loam
Mohall Loam 5 Loam

I TfA Tremant Gravelly Loam 85 0-12 Sandv Loam 0.37
Tremant Gravelly Sandy Loam 3 Sandy Loam
Laveen Loam 3 Loam

I Rillito Gravelly Loam 3 Sandy Loam
Mohall Loam 3 Loam
Harqua Gravelly Clay Loam 3 Sandy Clay Loam

I TfS Tremant Gravelly Loam 85 0-1 2 Sandy Loam 0.36
Harqua GravellyClayLoam 3.75 Sandy Clay Loam
Rillito Loam 3.75 Loam

I Gunsight Gravelly Loam 3.75 Sandy Loam
Laveen Loam 3.75 Loam

Tg Tremant ClayLoam 85 0-1 2 Clay Loam 0.04

I Mohall ClayLoam 3 ClayLoam
Vecant Clay 3 Clay
Laveen Loam 3 Loam

I Harqua Gravelly ClayLoam 3 Sandy Clay Loam
Rilli to Loam 3 Loam

Th Tremant Clay Loam 85 l oB Clay Loam 0.04

I Rillito Loam 3 Loam
Mohall Clay 3 Clay
Laveen Loam 3 Loam

I Pinamt GravellyClayLoam 3 Sandy Clay Loam
Harqua Gravelly ClayLoam 3 Sandy ClayLoam

I
I
I 8·16

(~YrI DDm I jCl '\ ~)
June 1. 1992
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Figure 4.3

Composite Values of PSIF and DTHETA as a function of XKSAT
(To be used for area-weighted averaging of Green and Ampt parameters.)
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LAND USE
Th i s inf ormat i on wa s taken from t he 199 0 report .

Subb a s i n 1
Hi ll s lop e s 1. 05 /4 . 74 22 . 1%
Moun t a i n s 77 .9%

Su bb a s i n 2

Hi l l s lop e s 1.16 /5. 44 21.3 %
Mo un t a i n s 78 .7%

Su bb a sin 3
Hillslopes 1.5 9 /3 . 751 42 .4 %
Moun t a i n s 57 .6%

Ba sin Roughness (Kb )
Subbasin drainage areas have been adjusted since 1 99 0 report .

Subba s i n 1 Drainage Ar e a : 0 . 6 74 5 mi2 (64 0 a cres / 1 mi z ) 431.68 ac
Su bb a s i n 2 Dra inage Ar e a : 0 . 768 2 mi 2 (64 0 acres / 1 mi 2 ) 4 91 .65 ac
Su b b a s i n 3 Dr a i n a g e Ar e a : 0 . 537 6 mi2 (64 0 acres / 1 mi 2 ) 344 . 06 a c

Kb
Subb a s i n 1 : Kb . 221 [ - . 02 5( 10g 432 ) + . 1 5 ] + . 779 [ - . 03( 10g 43 2 ) + . 2 ]
Subba s i n 2 : Kb . 213 [ - . 02 5 (10g 492 ) + .15] + .7 87[ -.03 (10g 4 92 ) + .2]
Subba s in 3: Kb - . 424 [- . 025 (1 0g 344 ) + . 1 5 ] + . 5 76 [ - .03( 10g 344 ) + . 2 ]

I
I
I
I
I

I n i t i a l Abs t r a c t ion (IA )
Subba s i n 1: IA . 221 ( .15 ) + . 77 9 ( . 2 5 )
Su bb a s i n 2: I A .2 31 (.15) + . 78 7 ( . 25 )
Subbasin 3 : I A . 424 ( . 1 5 ) + .5 76 (.25 )

.23in

. 2 3 i n

. 21 i n

. 113

. 111

. 1 08

Ve g e t a t i o n Ad jus tmen t
As s ume d Ve g e t a t i o n Cove r : Hillslopes = 30 % (1 . 22) and Moun t i a n sI

I
Su bb a s i n 1 : Adj
Su b ba s i n 2: Ad j
Su bb a s i n 3 : Ad j

. 221 (1. 22 ) + .7 79 (1. 11 )

.213 (1.22) + .787 (1.11 )

. 42 4 (1. 22 ) + . 5 76 (1. 11 )

1 . 13 4
1 .133
1 . 1 57

20% (1 . 11)

I
I
I
I
I
I

XKSAT v a l u e s have
Su bb a s i n 1 : XKSAT
Subbasin 2: XKSAT
Subba s i n 3 : XKSAT

been adjusted since
1.134 ( . 37 ) 0. 4 2
1. 13 3 ( .3 4 ) 0 . 39
1. 15 7 (.33 ) 0 . 38

1 99 0 report .
i n / h r
i n / h r
in / hr

14
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RatIonal Method

Table 3.1
Equation for Estimating Ko In the Tc Equation

Kb = m log A + b
Where A Is drainage area, In acres

Equation
Typical Parameters

Type Description Applications m b

A Minimal roughness: Relatively smooth and/or Comrnerclal/ -0.00625 0.04
we ll graded and uniform land surfaces. industrial areas
Surface runoff is sheet flow. Residential area

Parks and golf
courses

B Moderately low roughness: Land surfaces Agricultural fields -0.01375 0.08
have irregularly spaced roughness elements Pastures
that protrude from the surface but the overall Desert rangelands
character of the surface is relatively uniform. Undeveloped
Surface runoff is predominately sheet flow urban lands
around the roughness elements.

C Moderately high roughness: Land surfaces Hillslopes -0.025 0.15
that have significant large- to medium-sized Brushy alluvial
roughness elements and/or poorly graded fans
land surfaces that cause the flow to be Hilly rangeland
dlverted around the roughness elements. Disturbed land.
Surface runoff is sheet flow for short distances mining, etc.
drain ing into meandering drainage paths. Forests with

underbrush

0 Maximum roughness: Rough land surfaces Mountains -0.030 0.20
with torturous flow paths. Surface runoff is Some wetlands
concentrated in numerous short flow paths
that are often oblique to the main flow
direction.

1. The peak discharge rate corresponding to a given intensity would occur only
if the rainfall duration is at least equal to the time of concentration.

2. The calculated runoff is directly proportional to the rainfall intensity.

3. The frequency of occurrence for the peak discharge is the same as the frequency
for the rainfall producing that event.

4. The runoff coefficien t increases as storm frequency decreases.

\
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4;2 Surface Retention Loss

A relatively minor contribution by interception is also considered as a part of the
total surface retention loss. Estimates of surface retention loss are difficult to obtain
and are a function of the physiography and land-use of the area.

4-5

Table 4.1
Surface Retention Loss for Various Land Surfaces In Maricopa County

Surface Retention
Land-use and/or Surface Cover Loss lA, Inches

(1) (2)
Natural

Desert and rangeland, flat slope 0.35
Hillslopes, Sonoran Desert 0.15
Mountain, with vegetated surface 0.25

Developed (Residential and Commercial)
Lawn and turf 0.20
Desert landscape 0.10
Pavement 0.05

AgriCUltural
Tilled fields and trncated pasture 0.50

The surface retention loss on impervious surfaces has been estimated to be in the
range 0.0625 inch to 0.125 inch by Tholin and Keefer (960), 0.11 inch for 1 percent
slope to 0.06 inch for 2.5 percent slopes by Viessman (967), and 0.04 inch based on
rainfall-runoff data for an urban watershed in Albuquerque by Sabol (983). Hicks
(1944) provides estimates of surface retention losses during intense storms as 0.20
inch for sand, 0.15 inch for loam, and 0.10 inch for day. Tholin and Keefer (1960)
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque
area, the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others,
1982a). Rainfall simulator studies in New Mexico result in estimates of 0.39 inch for
eastern plains rangelands and 0.09 inch for pinon-juniper hillslopes (Sabol and
others, 1982b). Surface retention losses for various land-uses and surface cover
conditions in Maricopa County have been extrapolated from these reported es
timates and these are shown in Table 4.1.

i Surface retention loss, as used herein, is the summation of all rainfall losses other
than infiltration. The major component of surface retention loss is depression
storage; relatively minor components of surface retention loss are due to intercep
tion and evaporation, as previously discussed. Depression storage is considered to
occur in two forms. First, in-place depression storage occurs at, and in the near
vicinity of, the raindrop impact. The mechanism for this depression storage is the
microrelief of the soil and soil cover. The second form of depression storage is the
retention of surface runoff that occurs away from the point of raindrop impact in
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation
bordered fields and lawns, and so forth .

June 1, 1992
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Se ctio n A : (1 . 0mi southwest of 3 points , fac ing downstream )

Rou t i n g
Th i s informa tion wa s taken from the 1990 report

Se cti o n B: (1/2 mi north o f Apex, facing downst r eam )

Re a c h A-B :
Le ng t h = 5000ft
Sl op e = 1 520 - 1380 / 5000 . 02 8 0f t / f t

Re a c h B-C:
Le ng t h = 537 5 f t
Sl op e = 1380 - 12 50 / 5 3 75 . 02 42ft / ft
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Tc and R
Informa tion f r om Hec -1 mod e l r uns u sing Norma l Depth Routing

2 Hour

2 5 10 25 50 100
Sub1 . 9 5 0/ . 4 9 2 . 6 54/ . 3 2 5 . 5 5 8 / . 2 7 3 .467 / . 2 2 4 . 4 2 1 / . 1 9 9 . 383 / .180

Sub 2 1. 0 3 3 / .55 0 . 7 08 /.362 . 6 04 / . 30 3 . 50 8 / . 2 50 . 4 5 4 / . 2 2 1 .41 7 / .2 01

Sub3 1 .16 3 / .84 7 . 7 7 5 /. 5 4 0 .654 / .448 . 54 6 / . 3 6 6 . 4 8 8 / . 3 2 3 . 4 4 6 / . 2 9 2

6 Hou r

2 5 1 0 25 50 100
Sub 1 1.029 / .538 .775 / .393 . 6 6 7/ . 3 3 2 . 5 5 8 / . 2 7 3 .5 0 4 / . 2 4 4 . 4 6 7 /. 2 2 4

Sub 2 1.11 7 / .600 . 8 3 7 / . 4 3 6 . 71 2 / . 364 . 6 0 0 /. 3 01 . 5 3 8 / . 2 6 6 . 4 96 / . 2 4 4

Sub 3 1 . 267 /. 932 . 921 /.654 . 771 / .53 7 . 6 3 7 / . 4 35 . 5 71 / . 3 8 5 . 5 2 5 / . 3 5 1

24 Ho ur

2 5 10 2 5 5 0 100
Sub1 .8 13 /. 4 14 .646 /. 3 2 1 .579 / .284 . 5 0 8 / . 2 4 6 . 4 6 7 / . 2 2 4 . 4 3 8 / . 2 0 8

Sub2 . 88 3 / .462 . 7 00 / .357 . 6 2 5 / . 3 1 5 . 5 5 0 / . 2 7 3 .50 0 /.246 . 4 6 7 / . 2 2 8

Sub3 .9 71 /.694 . 762 / .531 . 6 7 9 / . 4 6 7 . 5 96 /. 4 0 4 .53 8 / .36 0 .496 / . 3 2 9



I
I Di s c h a r g e [ in c u b i c feet per second (c f s) ]

No rma l Depth Routing

I 2 Hour Storm

I 2y r Syr 10yr 2Syr SOyr 100yr

Su b 1 1 63 449 681 1039 1339 1649

I
R1-2 155 4 28 657 1000 1276 1 591
Sub 2 167 470 72 1 1 0 0 0 1422 1766
HC2 320 88 5 1366 2100 2698 3357
R2-3 306 842 130 2 2006 2579 3222

I Sub3 82 25 1 3 9 3 620 8 1 4 1023
HC3 3 87 109 0 1 6 91 26 24 339 3 4 2 01

I
6 Hour Storm

I 2yr Syr 10yr 2Syr SOyr 100yr

Su b 1 121 264 399 622 803 979

I R1 - 2 118 253 378 60 8 782 957
Sub2 1 2 6 283 42 7 668 876 1 072
HC2 244 526 789 1277 1644 2029

I
R2-3 239 5 1 7 767 1241 1608 1984
Su b 3 62 150 236 388 515 64 6
HC3 3 01 664 99 5 162 5 2 1 2 3 2612

I 2 4 Hour Storm

I
2yr Syr 10yr 2Syr SOyr 100yr

Sub1 1 54 3 3 7 465 6 77 8 49 103 5
R1-2 1 4 4 307 445 6 47 817 988

I Sub2 159 3 50 500 720 91 5 11 1 1
HC2 30 1 6 48 914 13 46 1732 20 51
R2 - 3 28 5 6 1 3 869 1 2 77 1 6 6 1 1 966

I Sub3 82 1 89 27 1 4 0 2 524 652
HC3 364 797 1123 1 6 4 8 2161 2599

I
I
I
I
I
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I

Tc and R
Informa tion from Hec - l model runs using Mu skingum- Cun g e Rout i ng

2 Hour

2 5 10 25 50 100
Subl . 9 5 0 / . 4 92 . 65 4 / .325 .55 8 /. 273 .46 7 /. 224 .4 21 / .1 9 9 .38 3 /.1 8 0

Sub 2 1. 0 3 3 /.55 0 . 7 0 8 / .362 . 6 04 / . 3 0 3 .5 0 8 /. 25 0 .454 / . 221 . 4 1 7 / . 2 0 1

Sub3 1.163 / .847 . 7751 / .540 . 6 5 4 / . 4 4 8 . 5 4 6 / . 3 6 6 . 4 8 8 /. 3 2 3 . 4 4 6 /. 2 92

6 Hour

2 5 10 25 5 0 1 0 0
Subl . 950 / .492 .6 54 /. 3 2 5 . 5 5 8 / . 2 7 3 . 4 6 7 / . 2 2 4 . 4 21/. 1 9 9 . 3 8 3 / . 1 8 0

Sub 2 1 .029 / .538 . 8 3 7 / . 4 3 6 .71 2 /.364 .600 / .301 . 538 /.266 .496 /.244

Sub 3 1 . 26 7 / . 9 3 2 .92 1 / .6 5 4 .771 / .53 7 .637 / .435 .571 / .385 . 5 2 5 /. 3 51

2 4 Ho u r

2 5 10 25 50 1 0 0
Sub l . 8 1 3 / . 4 1 4 . 646 / . 321 . 5 7 9 / . 2 84 . 5 0 8 / . 2 4 6 . 4 6 7 / .22 4 . 4 3 8 / . 2 0 8

Sub2 . 88 3 / .4 6 2 .700 / . 3 57 . 6 2 5 / . 3 1 5 . 5 50 / . 2 7 3 .50 0 / . 2 46 . 4 6 7 /. 2 2 8

Sub 3 . 9 71 /. 6 94 . 7 6 2 /. 5 3 1 . 6 7 9 / . 4 67 . 5 96 /. 4 04 . 5 3 8 / . 3 6 0 . 4 96 / . 3 2 9



I
1 Di s c h a r g e from Hec- 1 model runs [in cubic feet per second (c f s) ]

Mu sking um - Cu n g e Rout ing

I 2 Hour S torm

I- 2y r 5yr lOyr 25yr 50yr lOOyr

Sub l 164 444 672 1033 1328 1640

I
Rl - 2 165 4 53 689 1 04 3 132 5 1613
Sub2 169 469 71 4 110 1 1411 1 75 7
HC2 331 903 1369 209 5 2736 3300
R2- 3 333 90 5 1372 21 08 272 3 3 2 7 3

I Sub 3 82 2 5 0 39 1 6 1 8 81 1 1 01 3
HC3 4 14 1 14 7 1 742 26 79 3506 4 2 8 6

I
6 Hour Storm

I 2yr 5yr 10yr 25yr 50yr 100yr

I Subl 118 2 50 386 58 9 763 920
Rl - 2 118 24 6 3 68 5 7 0 71 5 897
Sub2 125 26 5 41 5 627 832 1 0 2 3

I
HC2 243 511 7 6 5 118 3 1 546 1920
R2-3 241 51 0 769 1124 1510 179 5
Sub3 62 14 4 22 5 3 7 8 484 617
HC3 303 6 47 991 15 0 2 1989 2405

I 2 4 Hour Storm

I 2yr 5yr 10yr 25yr 50yr 100yr

Sub1 137 3 04 409 54 1 69 7 846

I
Rl-2 13 5 2 73 3 8 8 5 54 6 69 7 54
Sub2 146 32 4 450 6 07 74 8 919
HC2 28 1 5 9 7 838 1 1 61 1394 1 5 6 3
R2- 3 278 5 36 726 1 049 1 3 2 3 1 5 63

I Sub3 81 1 72 2 54 368 460 543
HC3 346 694 973 1 4 17 1783 2106

I
I
I
I
I
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96

. 1 37

. 962

90

.10 0

. 954

7 5432 0

RAINFALL DISTRIBUTION
. 03 2 . 04 6 . 0 71
. 8 63 . 901 . 93 0

1 2

SOUTHMT . DAT

2-HOUR
. 02 8
. 74 3

1 . 0 0 0
31 .8 0 0

SA f?1 PI- E IItIPU T
NOY Y1"l t\ I ~th

8

USED A
. 02 3
.60 1
.992
. 4 3 0

5

RECORD
. 01 8
. 3 2 7
. 982

4.11 0

KM

I BA
I N
KMI PB
KM

I
PC
PC
PC

I
LG
UC
UA

I ID
ID DDM MCUHP 1 SOUTH MOUNTAI N FAN
I T 3 300I 10 3
*DI AGRAM

I * DDM ***** Pre s e r v e d *** **
KK SUB1
KM SUB- BAS I N SUB1

I KMKM 2 -HOUR RAI NFALL DISTRIBUTI ON WAS USED TO FIND TC & R FOR THIS BASIN
THIS BASIN USED RAINFALL REDUCTI ON FACTOR OF 1 . 00 0

L = 1 . 1 6 Kb = . 112 Adj . Slope = 313 .2
. 6 75

5

RAINFALL DEPTH OF 2.9 2 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD
2 .9 2 0
THE FOLLOWING PC

. 0 0 0 . 01 1

. 17 6 .23 2

. 9 7 0 .979

. 2 3 0 . 35 0

. 3 8 7 .1 82
o 3

I

94
2 0

75
1 0

6 5
7

. 02 8 0
52

1

5000
47

o

I UA 1 0 0
* DDM * * * ** Preserved * * * * *
KK Rl - 2

I KM ROUTE HYDROGRAPH FOR SUB1 THROUGH SUB2 USING NORMAL DEPTH ROUTING
KO 1 2

RS 2 FLOW 0
IRC . 0 55 . 03 0 . 0 5 0

RX 0 2 2 28
RY 30 3 -0

1 * DDM * * * * * Pr eserved ** ** *
KK SUB2

I
KM
KM
KM

I KM
BA
LG

I UC
UA
UA

I
I
I

SUB-BASIN SUB 2
2-HOUR RAIN FALL DISTRIBUTION WAS USED TO FIND TC & R FOR THIS BASIN
THI S BAS I N USED RAINFALL REDUCTI ON FACTOR OF 1.0 00

L = 1. 3 0 Kb = .111 Adj. Slope = 315 .0
. 7 6 8
. 2 3 0 . 3 5 0 4 . 13 0 . 4 3 0 36.5 0 0
. 4 17 . 2 0 1

o 3 5 8 12 20 4 3 75 90
100

Page 1

96



HC2 THROUGH SUB 3 US ING NORMAL DEPTH ROUTING

9690

95
10

75

75
o

R FOR THI S BASI N

4 320

65
o

12

SOUTHMT .DAT

. 024 2
60
o

8

53 7 5
40

o

** ***

5

o
. 04 0

35
o

Preserved *****

HYDROGRAPH
2

FLOW
.025

23
1

***** Prese rve d * ** **

** *** Preserved

* * * * *

I
I * DDM

KK HC2

I
KM COMBINE HYDROGRAPHS FROM SUBASIN 1 AND SUBASIN 2
HC 2
* DDM

I KK R2 -3
KM ROUTE
KO 1

II RS 2

I :~ • 0 5~

I RY 7
RL 2

* DDM * * * * * Preserved * * ***I KK SUB3
KM SUB -BASIN SUB3
KM 2 - HOUR RAINFALL DI STRIBUTION WAS USED TO FI ND TC &I KM THI S BASIN USED RAINFALL REDUCTION FACTOR OF 1 .000
KM L = 1 .47 Kb = .107 Ad j . Sl ope = 315 .0

I BA . 53 8
LG .2 1 0 . 3 5 0 4 . 1 70 . 4 2 0 74 .000
UC .4 12 . 26 8

I UA 0 3

UA 1 0 0
* DDM

I KK HC3
KM COMBINE HYDROGRAPH Rl-2 THROUGH SUBASIN 3
HC 2I zz

I
I
I
I
I
I
I

Pa g e 2



I
SOUTHMT.DAT

S A-m PLE .LN PtA.. r
(}1 u..SA / nt;um - U.M"" '6 ~

96

. 1 37

. 962

90

.1 00

. 9 54

754320

RAINFALL DI STRIBUTI ON
. 03 2 .046 .0 71
. 86 3 . 901 . 93 0

12

2-HOUR
. 028
.743

1 . 0 0 0
31.800

8

USED A
. 02 3
. 6 01
.992
.430

RECORD
. 01 8
. 3 2 7
.982

4.110

l ID
I D DDM MCUHP1 SOUTH MOUNTAI N FAN

I
IT 5 30 0
10 3

*DI AGRAM

I * DDM ***** Preser ved *****
KK SUB1
KM SUB- BAS I N SUB1

I KM 2-HOUR RAIN FALL DI STRI BUTION WAS USED TO FIND TC & R FOR THI S BASIN
KM THIS BAS IN USED RAINFALL REDUCTION FACTOR OF 1. 0 0 0
KM L = 1 . 16 Kb = . 112 Adj . Slope = 3 13 .2I BA . 675
I N 5

KM RAINFALL DEPTH OF 2 .92 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORDI PB 2 .9 2 0
KM THE FOLLOWING PC

I
PC . 000 . 01 1
PC .17 6 .232
PC . 970 . 9 7 9

I LG . 2 3 0 . 350
UC . 3 87 . 1 8 2
UA 0 3 5

I UA 1 0 0
* DDM ** * * * Pr e s e r v e d * * ***

969075

94
20

75
1 0

4320

6 5
7

12

Page 1

TRAP
. 0 28 0

52
1

36 . 50 0

8

. 4 3 0

50 0 0
47

o

5

. 03 0

. 0 5 0
28

FOR SUB1 THROUGH SUB2 US ING MUSKINGUM-CUNGE ROUTING

4.13 0. 3 5 0
. 2 01

3

HYDROGRAPH
2

. 02 8 0
. 03 0

22

Rl- 2
ROUTE

1

5 0 0 0
. 0 5 5

o
RY 3J 3 0

1 * DDM ** * * * Pr es e r v ed *****
KK SUB2

I
KM SUB- BAS I N SUB2
KM 2 -HOUR RAINFALL DISTRIBUT ION WAS USED TO FIND TC & R FOR THIS BASIN
KM THIS BAS I N USED RAINFALL REDUCTION FACTOR OF 1. 0 0 0

I KM L = 1. 3 0 Kb = .111 Adj . Sl op e = 315 . 0
BA . 7 6 8
LG . 2 3 0

I UC . 4 1 7
UA 0
UA 1 0 0

I
I
I

KK

I KM
KO
RD

I RC
RX



969075

9 5
1 0

75
o

432 0

65
o

12

cont'd

Page 2

TRAP
. 0242

60
o

74 . 00 0

8

. 42 0

5375
4 0

o

*****

* * * * *

5

. 0 25

. 04 0
3 5

o

HC2 THROUGH SUB3 USING MUSKINGUM -CUNGE ROUTING

4 .1 7 0

Preserv ed

Prese rved **** *

.35 0

.2 6 8
3

HYDROGRAPH
2

. 024 2
. 0 2 5

23
1

***** Pr eserv ed

** ** *

I
I * DDM ***** Preserved **** *

KK HC2

I
KM COMBINE HYDROGRAPHS FROM SUBASIN 1 AND SUBASI N 2
HC 2
* DDM

I KK R2 -3
KM ROUTE
KO 1

I RD 5375
RC . 05 0
RX 0

I RY 7
RL 2
* DDM ** ***II KK SUB3

! KM SUB- BASIN SUB3

I
KM 2-HOUR RAINFALL DISTRIBUTION WAS USED TO FIND TC & R FOR THIS BASIN
KM THI S BASIN USED RAINFALL REDUCTION FACTOR OF 1 . 0 00
KM L = 1.47 Kb = . 1 07 Adj . Slope = 3 15.0

I
BA . 538
LG .210
UC . 4 1 2

I UA 0
UA 100
* DDM

I KK HC3
KM COMBI NE HYDROGRAPH Rl-2 THROUGH SUBASIN 3
HC 2

I zz

I
I
I
I
I
I
I
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Appendix D



I
I Hi s to r ic Sto rm Even t

Ra i n f a l l : South Mountain Fan gages r ecorded a sto rm e vent on Novembe r 1 - 2,

I
199 5 wh ich p rod u c e d 1.38 inc he s o f ra i n i n 6 hours.

De vic e I D 6560 35
Sta t Ty p e raln rain

I
Da t a Ty p e p recip p recip
Uni t s I n i n
11/0 2 / 9 5
00 4 5 0 .00 0 .0 0

I 00 3 0 0 . 0 4 0 . 00
00 1 5 0 .0 0 0 .0 0
1 1 / 01 / 9 5

I 240 0 0 . 00 0 .00
23 4 5 0 .00 0 .0 0
2330 0 .08 0 .00

I
2 31 5 0 .0 0 0 .0 0
23 0 0 0 . 0 8 0 . 00
22 4 5 0 .08 0 .0 0
2 230 0 .00 0 . 0 0

I 221 5 0 . 04 0 .00
22 00 0 .04 0 .00
2 1 4 5 0 ; 04 0 .0 0

I
21 30 0 . 16 0 .0 0
2 11 5 0 .04 0 .00
2 100 0 .00 0 .00
20 4 5 0 .12 0 .00

I 2 0 30 0 .2 8 0 .00
2 01 5 0 .04 0 . 00
2000 0 . 0 8 0 .0 0

I 19 4 5 0 . 00 0 .00
1 9 3 0 0 . 00 0 . 00
1 9 15 0 . 0 0 0 .0 0

I
190 0 0 .00 0 .00
1 845 0 .0 8 0 . 00
1 830 0 .16 0 . 0 0
1 8 15 0 . 04 0 . 00

I 1 8 00 0 .00 0 . 00
17 4 5 0 .00 0 . 0 0
173 0 0 . 0 0 0 . 0 0

I 1 7 15 0 . 00 0 .00
17 0 0 0 . 00 0 . 00
1 6 4 5 0 .00 0 . 00

I
1 6 30 0 .0 0 0 . 0 0
1615 0 . 00 0 . 0 0
1600 0 . 0 0 0 .0 0
1 54 5 0 .0 0 0 . 0 0

I 15 3 0 0 .0 0 0 .00
1 5 15 0 .00 0 . 0 0
15 00 0 .00 0 .00

I 1 4 4 5 0 .00 0 . 0 0
1 43 0 0 .0 0 0 . 00
141 5 0 . 0 0 0 .00

I
1 40 0 0 .00 0 .00
1 3 45 0 .00 0 .00
13 3 0 0.00 0 . 0 0

I
1315 0.00 0 . 0 0
1 30 0 0. 00 0 .00



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

/ t mp/ 0 0 0 1 . 6 7 2 a

124 5 0 .0 0
1230 0 .0 0
1215 0 . 0 0
12 0 0 0 . 0 0
1 14 5 0 . 0 0
1 1 3 0 0.00
1115 0.00
1100 0 .00
1 04 5 0.00
1 0 3 0 0.00
1015 0 .00
1000 0 .00
0945 0 .00
0930 0.0 0
09 15 0.0 0
09 0 0 0 .0 0
0845 0.00
0830 0.0 0
0815 0.00
08 00 0.00
0745 0.00
0730 0.00
0715 0.00
0700 0.00

TOTALS : 1 . 3 8

0.00
0 .00
0 .00
0 .00
0 .00
0 .00
0.00
0.00
0.00
0 .00
0.00
0 .00
0 .00
0 .3 9
0 .17
0.0 1
0 . 0 1
0. 03
0. 0 0
0.00
0.0 6
0. 26
0 .00
0 .00

0 .93

1 1 /2 7 /1996- 16:55:43



I
I
I

Histo ri c Storm Discharg e Usin g He c-1(cfs)

Normal De pth Routing

6 Hour Storm

Mu s kin g um - Cu n g e Routing

6 Hour Storm
c fs

I
I
I
I
I
I
I

Sub1
Rl -2
Sub2
HC2
R2 - 3
Sub 3
HC3

Sub1
Rl-2
Sub 2
HC2
R2 - 3
Sub3
HC3

cfs
144
14 0
151
2 8 9
275

76
351

142
133
149
279
278

74
353

I
I
I
I
I
I
I
I
I

Hi sto r i c Storm Discharge from Pressure Transducer 6563

Da t e Ti me feet Discharge (c f s)
11 /1 /96 22 :43:12 0 . 1 0 1
11 /1 /96 22 :31:12 0 .20 3
11 /1 /96 22:22: 12 0 .30 5
11 / 1 / 9 6 22 :01:42 0 . 50 10
11 /1 /96 21 :58:12 0 .60 13
11 / 1 / 96 21:46:12 0.8 5 2 1
11 / 1 /96 21 :28 :12 1. 08 37
11 / 1 /96 2 1 :2 2: 1 2 1.40 111
11 /1 /96 21:19:22 1. 5 0 155
11 /1 /96 21 :13 :12 1. 73 279
11 /1 /96 21 : 04:12 1. 88 349
11 / 1 /96 2 0:58:12 1. 7 0 268
11 /1 /96 1 2 : 1 6: 2 1 0.0 0 0



I
I
I
I
I
I
I
I

To cal culate Tc and R f o r the Historic
Storm e vent o n Novembe r 1, 1 995 a isohye tal map wa s generated f o r t h e s t udy
area. The three subba s i n s were added t o t he map enabling cal culations to be
completed t h a t indicated t he amount o f r a i n f a l l e ach s ubba s i n received. The
fo llowing i ndicate s how subbas in 3 wa s ca l cul a t ed .

Fi rs t , t h e area i n each section was measured to figure out the percent area
pe r r ain f all ( s e e isohyetal map ) .

Sec t ion A
(16 00f t ) (54 0 0ft) 8, 640 ,000 ft 44 %
Sec t ion B
(16 00ft ) (3 70 0ft) 5, 92 0 , 000 ft 30%
Sect ion C
(16 00f t ) (2600 f t) 4,1 6 0 , 000 ft 21%
Sect ion D
(1 000f t ) (1 00 0f t ) 1 , 000, 000 ft 5%

To tal a rea 1 9, 72 0, 000

Se c o nd, that percent was mult ipl ied to the average rainfall for that section .

To ta l Ra i n f a l l in Subbasin 3

I
I

Avera g e Ra i n
1. 05
1.1 5

1. 25
1. 34

Percent
44 %
30%
21%
5%

Act u a l Ra infal l /Sect i on
. 4 62
.345
.2 62 5
. 06 7

1.14 inches

I
I
I
I
I
I
I
I
I

Thi r d, normal ize the gage data for that basin by picking 8 points of maximum
r a in and dividing by their total.

Time Rainfal l Normal ization

214 5 .04 .0 5
2130 . 1 6 . 21
211 5 . 04 . 05
21 00 . 00 .0
204 5 .12 .16
2030 . 2 8 . 37
201 5 . 04 . 05
2 000 .0 8 .11

To ta l .76 100%



I

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

Fo urth, t ake y o ur r ainfall amount and multiply by normal i za t i o n numb e r t o get
e x ac t amoun t o f r ain p e r time increment ( 1 5 mins for t h is study ).

Time To t al Rainfall Nor ma l i za tion Ac tual Rainfall Amount
2000 1.14 .11 . 1 2
20 1 5 1.14 .0 5 . 0 6
20 3 0 1. 14 .37 . 4 2
20 4 5 1.14 .16 . 1 8
2 10 0 1. 14 .00 . 0 0
211 5 1.14 . 05 .0 6
213 0 1.14 . 2 1 .2 4
21 4 5 1.14 . 0 5 . 06

Fifth, take the actual rainfall amount and plug it into the Tc and R
c a l c u l a t i o n sheet (see fo llowing pages) .
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1!BEOUENCY TABLE 2J Page 1

+ - ---- - - - - - - - - - --- - - - - -- - - - - - +- - - - - - - - - - - +- - - - - - - - - - - +- - - - - - - - - - - +- - - - - - - - +- - - - - - - - +- - - - - - - - +- - - - - - - - +- - - - - ---+- - --- - - - +- - - - - - -- +
GAGE Igage number I avg slope I AREA I 0100/A / 0-2 0- 5 1 0- 10 I 0- 25 / 0-50 1 0-100 I

+- - - - - - - - - - - - --- - - - - - - - - - - - - - - - +- - - - - - - - - - - +- - - - - - - - - - - +- - - - - - - - - - - +- - - - - - - -+- - - -- - --+- - - - - - - - +- - ---- - - +- - - - - ---+- - - -- - - - +-- - - - - --+
1 IWEST SY CAMO RE CREEK MCFARLAND 1 09510070 260 .00 1 4. 581 1, 2071 36 1 268 1 702 1 1, 8401 3, 3301 5,5301
2 IW EST SYCA MORE CR . SU NF LOWER 1 09510080 353 .00 1 9 . 80 1 819 1 101 1 519 1 1 ,190 1 2,840 / 4 ,92 0 1 8, 030 1
3 lEAST SYCAMO RE CR. SUNFLOWE R I 09510100 370.00 1 4 . 49 1 5951 431 1961 428 1 978 / 1,660 1 2,670 1
4 ISYCAMORE SUNLFOWER I 09510150 58 .601 52. 30 1 816/ 1,050 1 4 ,0501 8, 1601 17 , 200 1 27 , 800 1 42 , 7001
5 ICAMP CREEK SUNFLOWER I 09510170 498 .001 2 .601 3651 1171 262 1 390 1 5881 7591 9501
6 IROCK CREEK SUNF LOWER 1 09510180 412 .001 15 .201 381 1 5071 1 , 3401 2, 130 1 3 ,4001 4 ,5301 5,790\
7 /SYCAMORE NEAR FT. MC DOWELL I 09510200 116 .001 164 .001 313/ 2 ,0201 6 ,650 1 12 , 300 1 23, 5001 35,5001 51, 4001
8 IINDIAN BEND WASH AT AZ CAN AL 1 09512100 60 . 00 1 139 .00 1 121 / 3781 1 , 440 1 2,950 1 6 ,4 00 1 10, 600\ 16 ,800 1
9 ISALT RIVER TRIB . SOUTH MNT 1 09512200 244. 001 1 .75 1 1, 8401 221 1711 448 / 1, 140 1 2 , 000/ 3 ,22 0 1

10 ICAVE CREEK NEAR CAVE CRE EK \ 09512300 123 .001 121 .001 165 / 1,740 I 4, 320 1 6, 870 1 11 ,2001 15 ,2001 20, 0001
11 IAGUA FR IA TR IB #2 , ROCK SPRNGS I 09512700 173 .001 1 .071 1 , 617 1 3091 5651 781 1 1,1101 1,4001 1,730 I
12 INEW RIVER NE AR ROCK SPR ING S 1 09513780 140 . 00 1 67 .301 514 1 2 ,170 / 6 ,2601 10,6001 18 , 2001 25 ,6001 34 , 600 1
13 INEW RIVER AT NEWRIVER I 09513800 105 .001 83 .3 0 1 450 1 3 ,1 501 7 ,880 1 12 ,6001 20 ,6001 28 ,300 1 37 ,500 /
14 IDEADMAN WASH AT STATE 69 I 09513820 124.001 11 . 10 I 547 1 250 1 846 1 1,550 1 2,9001 4 ,300 1 6 ,070 /
15 ISKUN K CREE K AT 1-1 7 / 09513860 49 .2 0 1 64 .601 480 1 9671 3 ,5701 6,91 01 13,700\ 21 ,2 00 1 31 ,000/
16 IWAT ERMAN WASH , 2.4 ABOVE GILA I 09514200 21 . 20 1 420 .001 191 1, 330 1 2,42 01 3 ,3801 4,8801 6,2401 7, 8401
17 IHASSAY AMPA AT BOX DAMSITE 09515500 71 .00 1 417.00 \ 1031 3, 180 I 8, 480 1 13,900 1 23 ,3001 32 ,2701 43,0001
18 IHARTMAN WASH AT US 60 09515800 71.60 I 5.57 \ 1 , 3381 218 1 796 1 1, 5501 3 , 150 1 4 ,9601 7,4501
19 IHASSAYAMPA AT MORRISTOWN 09516500 84 . 90 1 796 .00 1 55 1 2 ,670 1 7, 180 I 12 , 2001 21,500 1 31,300 1 43 ,9 00 1
20 lOX WASH AT US 60 09516600 101.00 1 6 .31 1 845 1 1941 662 1 1, 240 1 2, 400 1 3 ,6 601 5, 330 1
21 IJACKRABBIT WASH (WICK-TONO ) 09516800 34. 40 1 137 .001 240 1 5471 2, 440 1 5,300 1 12,1001 20 , 500 1 32,9001
22 IHASSA YA MPA OLD US 80 09517000 39 . 901 1 ,470 .001 34 1 2, 720 / 7 , 470 1 12,9001 23 , 4001 34 ,5001 49,3001
23 ITIGE R WASH NEAR AGUILA 09517280 35 .2 0 1 85 .20 1 81 1 1,010 1 2, 1201 3 ,0601 4 ,4 50 1 5, 630 1 6 ,9101
24 IWINTERS WASH OS OF AIRLINE RD 09517400 83 .7 0 1 47 . 80/ 95 1 857 1 1,5401 2 , 1201 2,980 1 3,720 / 4 , 560 \
25 IRAINBOW WASH TRIB . AT US 80 09519600 34 .40 / 2 . 43 1 687 1 484 1 7481 9451 1, 2201 1 , 440 1 1,670 1
26 IBENDE R WASH ALONG 1-8 09519750 73 .90 1 68 .801 183 / 4661 1, 7401 3 ,27 01 6,150 1 9,040 1 12 ,60 0 1
27 ISAUCEDA WASH AT STATE 85 09519760 46 .701 126 .001 90 1 584/ 1,8801 3,310 1 5, 870 1 8 ,35 01 11 ,4 001
28 IWIN DMI LL WAS H 09519780 64 .4 01 12 .901 2 ,1401 1551 1,1601 3,120/ 8 , 550 1 16 , 0001 27 ,60 01
29 IMILITAR Y WASH AT STATE 80 09520 100 56 .00 \ 8 .7 01 600 \ 1241 468 1 946 \ 2,030 1 3 ,330 1 5 ,220 \
30 IBLACK GAP WASH AT STATE 85 09520200 21 . 80 1 12 . 10 1 123 / 392 1 672 1 868 1 1,1 201 1 , 300 1 1 , 4901
31 ICR AT ER RANGE WASH AT STATE 85 09520230 64 .001 1 . 49 1 1 , 430 1 1021 329 1 5871 1, 0601 1,540 1 2, 130 1

+- - - - ---- - -- --- ---- - - - - - - - - - - - -+ - - - -- - - - ---+------ -- -- -+ - --- - - -- - - -+ - -- -----+---- ----+ --- - - ---+- - ----- -+--- ---- -+--- --- --+-- - - - -- -+
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