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INTRODUCTION 

The City of Peoria is located in central Arizona, and is considered a bedroom 

suburb of Phoenix. Situated 13  miles northwest of Phoenix, Peoria was founded in 

1879 a s  a farming community. According t o  the U.S. Bureau of the Census, the 

population of the City in 1970 was 4,754, a 75 percent increase over the 1960 

figure. By 1980, the population of the City had grown to 12,320. The growth rate 

is expected to parallel that of the Phoenix metropolitan area. Projections 

indicate the population of Peoria will increase to 19,000 by 1985, and to  30,000 by 

1990. Land costs have increased along with the population, and agriculture has 

declined significantly a s  large farming tracts  are sold to developers for residential 

and commercial development. However, this development has occurred with 

virtually no storm drain system. 

The City's only major underground drainage facility is the Peoria Avenue Storm 

Drain. A one-mile section of 60-inch reinforced concrete pipe storm sewer was 

installed in 1975' as  part of a s t ree t  improvement program along Peoria Avenue, a 

major arterial street. At that time, the storm sewer had no outlet, except for a 

25-inch pressure relief line connected t o  an irrigation ditch. In June 1984, this 

storm sewer line was extended west to  the normally dry New River and east to 

alleviate flooding and ponding areas along the major downtown street. In 

November 1984, the line was extended further east and north, including a pipe 

beneath the Atchison, Topeka, and Santa Fe  Railroad. The total length of this 

storm sewer project is approximately 2.5 miles, with an outlet point a t  the New 

River. 

Increased development has significantly increased storm runoff, both from within 

the City and from incoming overland flows from the City of Glendale, located 

immediately east of Peoria. Storm runoff has increased to the point where a 

comprehensive plan has become essential. A portion of the City's Capital 

Improvements Program has been budgeted over the next several years to 

construct facilties recommended. by such a plan, mainly to relieve flooding 

problems in the area bounded by Peoria, 75th, Olive, and 67th Avenues. 

Additionally, the construction of a storm drain along Cactus Road is also planned, 

provided installation of this line is consistent with the results of the master plan. 
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OBJECTIVE 

The purpose of this report is t o  present the parameters and methodology used in 

the hydrologic analysis and the resulting discharges and flow volumes which will 

be used t o  evaluate the existing and ultimate drainage systems in the Storm Water 

Master Plan. 

METHODOLOGY AND RESULTS 

In performing this analysis, the land lying within the City boundaries was 

separated into three sections. The basis for the division was set  as the existing 

and expected ultimate development in the City. As such, the three sections are 

bounded approximately by the city limits and designated streets and are  

heretofore referred to  as follows: the area North of Pinnacle Peak Road, the area 

from Pinnacle Peak Road t o  Bell Road, and the area from Bell Road t o  Northern 

Avenue. The first of these sections was modeled using the U.S. Army Corps of 

Engineers' (COE) HEC-1 Flood Hydrograph computer model (Reference 11, while 

the remaining two were modeled using' the U.S. Environmental Protection 

Agency's Storm Water Management Model (SWMM) (References 2 & 3). 

Area North of Pinnacle Peak Road 

For the area north of Pinnacle Peak Road, the rainfall distributions were 

determined using the cumulative precipitation distribution developed by the COE, 

Los Angeles District for the Gila River Basin, New River and Phoenix City 

Streams, Arizona (Reference 41, rainfall depths for the National Oceanic and 

Atmospheric Administration's (NOAA) isohyetal mapping (Reference 5), and 

depth-area reductions presented in NOAA's Hydro 40 (Reference 6) .  The area was 

divided into 28 subbasins whose areas were planimetered from U.S. Geological 

Survey (USGS) Topographic Quadrangles. For each subbasin, the methodology 

developed by the COE for their Arizona studies was used to  develop unit 

hydrographs. Subbasin lag time, defined as the time required for 50 percent of 

the total volume (ultimate discharge) of the unit hydrograph t o ,  occur, was 

calculated from measurable topographic parameters. The subbasin lag time was 

then related to  an Szraph in order to  obtain the unit hydrograph. Because the 

COE HEC-1 computer model does not calculate unit hydrographs from the 

subbasin lag time and S-graph, the unit hydrographs were computed manually for 
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each subbasin. It was assumed that  the COE Phoenix Valley S-graph is applicable 

t o  the study area. The Valley S-graph was chosen over the Mountain S-graph even 

though some subbasins might be referred to  as the foothills. 

For each subbasin, the lag time was computer using the formula: 

Lag = 24n(LLCaly/%) 0.38 

where, L = the length of the longest watercourse (in miles) 

Lea = the upstream length along the longest watercourse 
t o  a point opposite the subbasin centroid (in miles) 

s = the overall slope of the longest watercourse, headwater 
concentration point (in ftlmile) 

n = Manning's "nl' roughness factor for the subbasin 
(assumed t o  be 0.035) 

Based upon the computed lag values, the 28 subbasins were placed into groups in 

order t o  develop the unit hydrographs. Using the subbasin lag time and the 

Phoenix Valley S-graph, the percent of ultimate runoff was determined at 10- 

minute t ime increments for each of the lag groupings. By assuming a 1-inch depth 

over the average subbasin a rea  a unit hydrograph was developed for each 

grouping. The subbasins, concentration points, and longest watercourse a re  shown 

on Sheet 1. 

Along with the percent impervious values determined through field survey of each 

of the 28 subbasins and exponential loss r a t e  function variables developed by the 

COE for Phoenix and vicinity, the unit hydrographs were used as  input to  the COE 

HEC-1 computer model. Channel routing was accomplished using the .Taturn 

method. The model was run again assuming percent impervious values for the 

ultimate development condition extracted from the City's 1982 General Land Use 

Plan (Reference 7). Table 1 presents subbasin parameters used t o  determine lag 

and the existing and ultimate percent impervious values. 

The peak flows resulting from the HEC-1 analyses a r e  shown in Table 2 for the 

lo-, 25- and 100-year events for both the existing and ultimate development 

conditions. A sample HEC-1 output for the area north of Pinnacle Peak Road i s  

included in the Appendix. 
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1 
'XABLE 2  - PEA\< FLOWS F O R  T H E  A R E A  N O R T H  OF PINNI~CLE PEAK R O A D  

---------------------------------------------------------------------------.. I I PEAK FLOWS (CES) I 

1 BASIN I 10-YEAR I 25-YEAR 1 i00-Y E A R  I 
( EXISTING ULTIMATE ( EXISTING ULTIHATE I EXISTING ULTIHATE 1 

/ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  d l  I 

I 1 9  I 930 1016  I 115G 1278 ( 15fl!3 IGGG 1 
i 20 1 510 552 1 686 :7 2 6 I 9 4 6  J (2 .q I C ' i  ' 

1 21  ! 699 740  1 915  9 5 4  I 1233 1270  1 
1 22  1 612 GG1 I 822  371 1 1 I :3 sf 1.180 1 

E 1 23  1 756 797 1 984 1023  1 1 3 2 1. 1358 ! 
1 2 4  1 473  ,473 1 6 16 632 I 8 2 :? 8 3 2  I 
I 3 0  1 2660 2840 1 3566 3741 1 4305 51073 I 



Areas from Pinnacle Peak Road to Bell Road and Bell Road to Northern Avenue 

The procedure followed in preparing these drainage areas for modeling with 

SWMM basically consists of three steps. First, the areas were divided into a 

number of subbasins, each of which has a designated runoff concentration point. 

Next, the necessary SWMM parameters were determined. Finally, the 

concentration points a r e  linked by a system of gutters which route runoff to 

discharge locations. The following paragraphs briefly describe these steps. 

The subbasins were delineated on aerial mapping of the area using USGS contours 

and known directions of flow as  a guideline. In addition, the ultimate 

development of the area, as shown on the 1982 General Land Use Plan (Reference 

71, was considered in order to  keep the subbasins consistent for both the existing 

and ultimate modeling phases. Concentration points were identified for each 

subbasin along with a direction of flow from each point into neighboring subbasins. 

The subbasins, concentration points and directions of flow for the area from 

Pinnacle Peak Road to Bell Road are shown on Sheet 2, while those for the area 

from Bell Road t o  Northern Avenue are shown on Sheet 3. 

Subbasin parameters which were then estimated include: area, width, slope, 

percent impervious, Manning's "n", depression storage, and infiltration rates. 

While these are for the most part self-explanatory, a description of each can b e  

found in the SWMM User's Manual (Reference 3). The parameter values were 

extracted using various sources of available information, including aerial- mapping, 

USGS contours, soil maps and the General Land Use Plan. A listing of the 

parameter values used for existing and ultimate conditions in the area from 

pinnacle Peak Road t o  Bell Road can be found in Tables 3 and 4. Similar 

information for the area from Bell Road to  Northern Avenue is listed in Tables 5 

and 6. 

Areas were obtained by planimetering the subbasins on the aerial maps. Widths 

and slopes were measured directly using the maps and contours. Percent 

impervious, pervious Manning's "nn, ' and maximum infiltration 'rates were 

determined using area averaged values based on land use. percent impervious 

values for individual land uses were selected using Soil Conservation Service 

guidelines (Reference 8) in conjunction with observable land use and expected 



T A B L E  3 - S U B B A S I N  P A R A M E T E R S  FOB T H E  AREA FBOH P I N N A C L E  P E A K  EOPD ?O B E L L  !CAD 
E X I S T I N G  C O N D I T I O N S  

! D E P a E S S  JON S T O S A G E  !MF I i i E A i  ION ? A T Z S  i 
I S U B  AREA W I D T H  P E R C E N T  S L O P E  M A N N I N G ' S  ' N '  I H P E F V .  P E R V .  %AX. His .  DECAY ! 
1 S A S I N  ! A C R E S )  ( F T )  IMPEBV.  ( F T / F T )  I H P E R V .  P E R U .  (IN) !IN! i I N / H R )  ( I N / H R !  ( l / S E C !  I 



TABLE 4 - SUEBASIN PAHAHETEXS FOR THE AREA FROM PINNACLE PEAK F04D T'! PEL: 50.3 
ULTIHATE CONDITIONS 

......................................................................................................... 
I DEP3ESSIUd STOXAGE INFILTBATIOtI RgTZS I 
i SUB AREA G1IDTH PERCENT SLOPE W~I~IEIHING'S 'N' IHPER!!. PERV. ...., Iliiii. : ;  , a  2 1 r .  nc,-,+;* u~ci- .  I ; . 
I EASIN (ACHES) (FT) MPEPV. (FT/FT) IHPERV. PER!!. (!?I) !IN! (IN,J 'H$~ i ;N/UF) (1/:~cj I 
~__________---__-__-------------------------------------------------------------------------------------i 

I 1 532.3 15300 51 0.0069 0.015' 0.20 0.03 0.10 4.0 I $.$i~!!5 i 
" 7 -  - 7  

1 2 232.1 13200 59 0.0067 0.015 0.20 0.02 0.13 . 4.5 0,:Q 0.y.1:;~ i 
I 3 646.6 5290 0 0.0065 3.015 0.25 13.02 fi,li; d .5  c.:!: i ~ = ~ ~ . j ~ ~ ~  

1 4 320.3 11800 22 0.0065 0.015 0.20 0.03 0.15 4 7 n l f i  ,351 77 , 
.1 r . * u  A :  1 

! 5 322.4 1!900 24 5.0053 0.015 0.20 0.03 0.1Q 4.5 C,!O G.iiiJ115 i 

i 6 403.8 10760 41 0.0049 0.015 0.20 0.93 0.10 4.5 0.10 (7 ?,.-:;?= ' 
v.i;Ai; i 

1 7 245.1 11450 59 0.0067 0.015 Q.20 2 . ~ 3  o.10 4.6 .'.a i-,;,fi1:r ! 
_ m i "  Y . Y Y L 4 . L .  i 

I 9 623.6 13100 53 0.0042 0.315 0 . 3  0.0f: !).lo 4.5 3.13 0.~0:15 ] 

I 9 592.9 15260 39 0.0050 0.015 0.30 0.03 G.10 4 .  O.113 0.1:0!!5 1 
1 : ." i 10 329.5 11329 54 0.0960 0.015 0.20 0.93 c.19 l,.-. ? J  : ; j , ~ ~ ~ ! ~  j 

I 11 517.0 14500 55 0.0054 0.015 0.20 13.03 I J , : ~  4.5 A,i$ i i 
: . 2 - 1  A" 447.9 i1500 49 Q.$CIC o.Ci5 0.20 0.23 0.14 l..-, ,+ E 0.13 0.00115 1 
i 13 ltO.0 7600 G! 0.0465 4.015 0.22 !2.,2: ;:,I<> 4 . 7 .- ; ,2!> ~ . ; ~ 1 ~ 5  
! 14 160.0 7250 51 0.01263 0.015 0.26 rj.gj 3.10 4.5 ?J.:$ 81!,C9li5 i 
t 15 640.0 19200 41 lJ.c$54 5.1215 0.29 0.53 13.1!! 5.0 q.39 0.iiCl15 1 
I 16 532.1 12900 54 0.0942 0.015 0.20 0.93 0. iQ 4.5 0.10 9,<!~;1;5 i 
I i? 215.3 10560 53 0.0047 0.015 0.20 3.03 !J.!o 4.5 , c,:,:<li5 ! 

! iS  324.2 11000 76 0.0047 0.015 6.20 0,Q3 0,!C 4.5 ,j,20 3,59115 i 
1 19 321.0 10560 61 0.0041 9.015 0.20 d ,$z  c.liJ 4.5 1 . 5  !2.531!5 i 

i 25 130.9 10560 62 6.Q042 ' 0.015 0.20 0.53 $.I$ 4.5 0.35 G.i)9115 i 

1 31 293.6 12200 $1 0.01J5: 9.015 0.20 3.~13 9.!0 4.5 , !;.$b:i~ ; 
f 22 20i.i 16600 55 0,$$5: 5,015 0.20 0.03 !:, 15 is.: Q. i$  $,$~'~i iz  1 

i 22 450.0 i630C 66 9.0045 3.515 0.21 . 3.13 .I z *.& . !.:;,fiQil5 i . P i 24 ~ 2 9 . 2  5490 66 0,0023 Q.@i5 3.29 Q,$3 Q . ~ ( I  4 ,  C.25 <.cQiiS j 
......................................................................................................... 



I 
I MI??;{ PERCENT *:LOPE fiANNING'S '8' - - -  i 5hhIN (ACXES) :FTj IHPERV. (FT/FT) MPEEV. PERv. 
!_-------------------------------------------------------- 
1 

DEPRESS ION STORA!;: MFILTRAT :ON FATES 
inPE3V. PZI(1). i . r v  ,;,,., . . DSCA'! 
( I;!) i IN j ( I$i,/G'P! ,.., .. ( I ) / /R t j  < 

0.63 9.16 4.5 G.l0 
0.03 6.13 4.5 .:,Is? 

0.03 0.15 4.5 3.13 
0.03 0.10 G, f J  1J.10 
0.03 0.10 6.0 0.15 
0.03 0.10 5.0 !:,id 
0.C3 0.10 4.3 ' 0 . 1 ~  
3.03 G.10 . 4.i0 
6.03 2 . i ~  4.5 ,:.I!; 
3-02 3,i5 4.5 !]a:? 

0.03 0.10 4 . c n Y .A'* :- 

:$,Q3 3,113 5 1J . lQ  

0.03 0.lG 4.5 <;,i!j 
3.03 0.19 4.5 3.10 

% .. 0.03 0.10 4 .= 1 !.! 

0.03 0.10 7.9 ~ J , ~ ~ ~  
0.03 0.10 4.5 C.lg 
0.63 c.iO 5.3 g,:c 
0.03 !?.!0 4.5 0.i.;;. 
0.03 0.13 5.3 2.1; 
9.03 0.10 4 = . 0.iD 
3.03 0.i0 4 5  3.15 
0.03 3.10 4.5 0 . 1 ~  
0.n3 3.1C , z  - ' "  

+ 2 . i i Q  

0.03 Q.13 ' < > . .  
.I' .) . :.I 

12.83 !).I9 7.5 O.:c 
0.03 O.!C 7.1.; 5.10 
12.03 $a!!? - . a :  , - n ~ n  .,.A'-, 

0.23 $.I$ 4.8 0.10 
0.03 0.112 4.5 3, la  
6.03 C.10 4.5 3 . l 3  
0.03 a. io 4.3 9.1Q 
0.03 G.10 4.5 3.iQ 
3.9; 0.10 5.5 #).I< 
0.03 6-10 ? , '1: 1) . i (2 
,j.03 0.13 7,3 3.13 
0.03 0.10 5.5 0,:: 
0.53 $.',o 5 . 3  i>.li) 

- .  0.03 0.13 :.g 4.10 
0.25 G.i< - 5  - 

J.9 .?.I0 
0.03 0.10 C C  - - A  

J e ,> !; w i l.2 

3.07, 9,112 6.:)  3.2 
. 0.10 4' ,;. 1..;,i; " ' ^  

$2.03 c . 1 1 ~  4.5 ' ~ . i l >  

0.03 0 , j0  7,!j Grn:Q 
3.03 ~~,~~ 7 . 2  1>.13 
3,$3 $,!fi .f. ,y " 3,10 
9.33 !?.I;: 4 , 5 a', I ! .  I I. ;\ 

0.02 0.10 7.3 6.13 
..................................... 



TABLE 5 - SUBBAS!>! P A R A H E T E X S  FOR THE AREA FHOH BELL ROAD iO HURTHEWN AVENYE: 
EXISTING CONDITigMS 

......................................................................................................... 
I 
i DEP2ESSIT;N SiggAGE :;:IF ILTPAT 15;; 3kTEf f 
! SUB AREA WiDTH PERCENT SLOPE HANNING'S 'N' I3PEXV. P E N .  ., - i A X .  niN. fiECAY i . 
i EASIN ! A C E S )  l F T j  IHPERV. i E T i F I i  MPEBV. PEPV. i i?l) 1 < IH/H!?j IIN/Hhj !1/9EZ:l i 
]------------------------------------------------------------------------------------------------------- i 
I 212.3 8040 5 3.0043 0.015 0.30 0.33 0.10 6 . 3  3.13 0.00115 
i 64 160.0 3220 4 0.0051 0.015 0.30 0.03 0.10 1j.5 0.10 0.9Ci15 ! 
I 63 189.7 13380 3 0 .3~41  3.015 0.30 0.93 0.10 5.3  2.112 3.30115 ! 
1 66 320.0 3500 0 0.0047 0.015 0.35 0.03 0.i0 7 . 9  6, iQ 0 ,00~ ;5  i 
I 67 141.5 2670 0 0.0046 0.015 0.35 0.03 C1.10 7 . ." , 3.15 ii,$0115 1 
1 63 32.8 1250 10 0.0092 0.015 0.23 0.03 0.16 6.0 0.10 0,$::1i5 ! - - 

70 150.9 8100 32 o.9037 0.015 0.26 0.23 1 j . 1 ~  3 . !J 9.iO $ . ~ f i l i =  i 
f 71 240.5 3920 i 0.3040 0.015 0.35 9.03 0.19 7.3 I .  (i.%1!5 I 
1 72 29.1 1720 0 0.3060 0.015. 0.35 S.<t:! 0.16 7 :. , ..J 3.112 1].31:!1!5 ! 
i ?3 I l l .6  1860 8 0.0058 0.015 0.25 - 3 0.10 5.c 9.13 Q.Q31!5 

19.2 1600 0 0.004? 0.315 3.35 0 . q  ,2.- 0 d.lC) -,!> I ,  6.@1!5 
1 75 127.3 1740 0 0.0067 0.015 0.35 9.03 0.19 7m,: !],lo 3 . 3 0 i l ~  i 
I 76 44.3 1380 0 0.0023 0.01: 0.35 19.gfi 3.1Q , . ., g .  3,j951i5 i 

- 7  , ,. 

3 0.0042 0.015 0.35 f 77 62.4 1600 0.02 0.:0 7.3 0 . i ~  0 . ~ ~ ~ 1 ~  ; 
i ?3 71.1 1500 0 0.0042 0.015 0.55 $.C:! $.lo 7 ; a -  .: c.10 i 1 
I 8Q 89.5 2000 48 0.0033 0.015 0.25 0.03 Q.!G 4.5 ; ,  cr:;:iiz i 
I 81. 252.7 6413 1 0.0044 0.015 0.35 g.13 7.0 s,;,:,; J % > I ! ~  *. . ,LA,y I 
i 93 157.4 1C460 25 0.0050 0.015 0.30 0.03 $,:,:I ~ , g  c , : ~  %Pil: 7; 

' 
. , . J . . A , ,  . - -  

! 83 151.3 7550 52 0.0023 0.015 0 . 3  3.33 3.!3 4.5 1 . 1  3.!;!-1:15 i 
0.02 0.10 i 54 160.0 3475 0 0.0031 0.015 0.35 7.0 , i>.$G115 j 
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%.~22*2& i 

7 

I 85. 322.4 3230 4 0.0g34 G.$!5 0.35 0.03 0.10 6 . 3  ) :2,3$115 ! 
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I 2s- 2:4,7 7000 17 0.0037 0.015 3.30 0.03 ij.10 r ., 2.u t?, i i ;  

- . A "  

i 91- 44.5 ;hu!~ 55 0.0034 0.015 0.20 0.04 0.10 4 ,  $.ia o.$ol:s i 
! - 3 . 0  5660 :8 0.35145 9.315 0.513 0.02 :>,l!J k..> 3. i i~  ,;,cC1;5 ! 

1 33 , 4530 9 0.0033 0.015 9.35 6.03 5.1Q 6.5 : 3 . ~ ~ i 1 5  i 
1 94 160.3 2800 0 0.0044 0.315 0.35 9.93 g.19 7 . a *  ,;.10 3.33j15 1 
1 95 1GG.O 3100 0 0.0034 0.015 0.35 0.03 5.10 7.9 g !>.34!15 i 

- 5  30.0 9 2 3 ~  25 9.0038 2.915 12.25 0.03 0.10 - .3 . .-. a,,; V.;V t?.(j31i5 : 
i 97 160.0 3000 3 0.0037 0.315 0.30 0.43 12.:;: 0.10 0.c$l is  i 
i 92 150.5 3620 0 9.3342 0.015 9.35 C , I > ~  c.11) 7.12 9.1; g.$sllz I 

97 122.1 ,2490 0 5.9040 0.015 0.35 G . "7 b &. 0 . 1 ~  7.0 ! G.G;1!5 ' I 
i 109 150.$ 3530 ?J 3.0044 0,015 3.35 3.03 C.10 7 . 5  $,I0 ~ . ~ ~ l i ~  i 

- 7  m , :I.;: i l Q . 4  23513 0 3.0040 0,015 9.35 6 . 1::3 <! , 1 ? .; ..=... $,bP!:5 ; 
" - ' .. .- . . ,, ,.. 

i 9 ib1.5 35aC 47 9.3356 0.315 C.23 , , d  :I? g.1; 2 . 2 c .-. !:.:$ ! ) q $ ~ ~ ~ ~  : 
i 203 35.7 3 1 5 ~  - 0,$$7b 0.si5 6.25 On. :  , ? i ? f i  . ., ., i . r .' A C 

7 . ;  C.L!> :.oc1:5 ; 
73.6 7F;sC r7 4, 3,9687 0.015 0.29 ;-: 3 9 . 1 <;; 1 204 . u d  4.5 2 <.ci;1!5 i 

i 225 60.9 3 9 ~ 0  15 t>,t>fi&3 9 . ~ 1 5  0.30 0.f): 5.13 i . 3  5.33 ! i 
* .> 1 ~!;.3 ISOI~ !> 4.9963 3.1215 !'),35 I).$: ().if2 4.9 3.23 0,$1:115 i 

I 257 48.8 23150 3.0433 C,0!5 3.35 a 7 . -  0 . 3  !.:,I!.! m r  4-12 :;,LC <.,;g115 1 

1 ,219 45.g 0 " $.,9C53 .fJ.,)Ir,. 3.25 j . " 1 .?, 
".A,> 7 ; '  f .- .).L.? !:.!;!;vy ! 

i ?na A.zw 54.2 i50g 3 1l.OG43 0.015 0.35 ij.32 0,:; 7 . 0  , 3,$51:5 i 
: il,? 

- A  2 :,?.7 5542 23 J,Cij33 0.315 3.23 , Q.:d 1 > . = ,a 0.1,: ~>,~;j~W~ ! 
1 ;,:! 1fJm12 7 2 9 ~ ~  3: <!.aoa? ~ . g l s  0.22 2.02 0.10 c.0 0.13 c.c~!1!5 I 
! 159 -3 ,za253 3 !).$IQ~O 0.$:5 5.2: 6],53 :3,13 1 : . - . j  ?, !.;.in; ' . a  Ga>>lji:5 ! 
! '793 150.0 :?:OF :I. 0,3342 $,1)15 #.:I ,33 12 , 1 1:) 7.a: $,!Q Ca3?115 i 
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TABLE 6 - SUEBASIN PARAEESE2S F.:? THE AhEd z3@l BELL BQAD $C2;XE2N Ai.jENcz 

ULT IHATE COHD IT IONS 

.............................................................................. 
I DEP$ES3Ic?! STOSAGE 
I S!:: AREA MIDTH PE4KEgT SLOPE ?AHHINGIS 'H' IFPEE1j. :'ERlj. 
! FhSIfi (ACEE$) (FT) IEPEEU. (ET/f?f i!IPEPV, PEP',!. < I!!; ; : -.'.. 1!1! 
!----------------------------------------------------------------------------- 

" P A "  1 1 160.!3 / 5$ 0.fJ022 0.3!5 9.20 ?.C3 fi.ig 
! 2 16i1.3 7130 55 0.0039 13.015 0.20 9.02 Q,l!> 

150.0 6400 55 0.0029 0.015 13.20 0.93 $.lo 
1 4 110.0 65C0 58 0.0935 0.015 0.25 0.03 0.i;: 
i , 5 30.0 4200 50 0.0026 0.015 0.20 9.03 

b 72.3 4400 25 0.0023 6.015 3.33 lj.lf3 l?.lO 
n a* 

! 7 25.3 2400. 95 0.0035 O.i:.!5 0.20 !;.v.j 0,lg 
I 9 35.4 17?O 93 0.0032 0.3!5 0.20 9.:;3 0.!_3 
1 9 22.4 1300 50 0.0042 O.O!S 0.30 9.93 caic! . - 
! 10, 73.0 2700 : 2 j  0.0034 0.015 S.:C 9.03 0.!$ 
i 11 43.7 4QCC 66 3,0035 3.13i3 12.20 0.C: 5.10 
i 12 43.7 2500 54 !3.0(125 3.315 3.25 1 . 2  $. :a 
i 13 60.5 3200 62 0.3023 0.015 0.25 0.0; 0.10 
1 14 53.0 5400 66 9.0034 0.Oi5 0.25 ,'.!23 9.19 
1 15 57.0 4600 70 0.5029 O . G i z  0.20 0.03 9,';s 
! 17 50.0 4250 40 0.3036 0.015 9.22 12.123 0.13 
1 21 3?.a 3520 55 0.0033 0.615 0.20 0.03 0.10 
i 32 122.3 3400 70 0.0033 0.3:s 3.30 9.23 5.10 
1 23 173.9 3200 55 0.0033 0.015 0.20 2 . 2  $. lo 
1 24 i61.5 8200 .17 0.0532 0.315 5.23 3.03 9.19 
: , qc ;J 69.9 523fi 57 5.0935 Q,gl5 9.29 0.03 9.16 
! 25 185.0 6500 50 0.3033 0.015 0,:'; i2.33 !?,!+ 
i 27 156.6 7960 E.0 0.0034 13.015 0.20 0.02 ?,I{; 

28 52.3 4600 53 3.0332 3.515 0 . ~ 0  ,ii>.i <.",-a . : I n  ...A, 

: 24 93.3 5400 65 2.0032 9.015 6.20 12.2: c.!C; 
i 33 127.9 7350 69 0.0C31 g.lj!z 9.29 1),$5 1).1g 
1 34 '25.5 5300 75 9.6033 0.015 0.20 5.23 0.10 
i 35 149.0 91cG 59 9.~2322 13.515 2.20 $.Q? !;,la: 

C.? 1 1 25 . 4GCO $2 5.12033 0.015 0.20 c;,<!z !;,lo 
i 57 34.6 6400 5E 3.9049 0.015 9.20 19.02 3-12 
1 39 59.3 4400 44 0.0931 0.015 0.29 6.0: [I.!(: 

1 3? 71.2 7100 57 0.01333 o.015 3 . 3  3.03 G.!n 
f 49 146.5 9300 55 5,0624 C.015 $.zc 0.93 l?.ilI 
i 41 34.2 630C 65 0.9024 0.fj15 3.23 9.03 9.10 
1 42 57.3 4809 73 0.3335 0.015 0.20 fi , r? 8.13 
! 43 113.1 ?$QQ 74 5,9037 3.415 i>.LiJ G,i]3 (I.iC 
; =!? i ~ 0 . 0  3604 '7 L, 9.0:!02? 9 . ~ 1 5  0.29 Qo3 *. g.1: 
1 51 9290 43 13,c533 3,315 5.20 ~>.!.j] 0,:ij 
I , -7 ,, 150.0 9409 56 !2.05:: 5,015 5.29 4,:?3 fi.10 
i 53 lhC.0 PC09 57 3,0033 (1,015 5.20 .2.33 0.13 
1 54 IsQ,fi ?01$13 46 0,0037 .? .i . A:' v L d 0 a ?*', UL 6.33 0.10 
] 5: ihO.0 ?C)fiQ 46 13,3032 9.0iF 3.25 0.03 3.10 . , i 55 160.0 t3CQ0 57 C:i.0$2i -0.015. 5.20 ij,*.::; 0 . ~ ~ ;  
1 57 3250 51 ,--.3531 ij.015 a.;? 3.33 12 ,I; 
1 53 33.7 3600 39 0.3033 0.$!5 0.21 0.33 2 ,  ilj . - i 59 4 ,28120 L6 G.3324 0.515 0.20 0.33 9-12 

- a  1 ::v 59.G 563<; 35 9.01338 3.015 0.24 0.33 
I 51 91.7 11 5.31241 3.0 ;5d .20  0.3: fi,i!J 
1 6;  i53.0 3063 23 0,!2iJ3! 3,315 5.26 c.93 
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! DEP3ESjiOH Sr39AGE 
1 SUB A ~ E A  UIDTH PERCENT SLOPE H A M N I N G ~ S  * N U  InPsPv. E!!. 
! ZASM ikCZESj (FT! IWPERV. (ET/FI) IYPEPV. P E N .  I i N j  iI?l) 
/--------------_--------------------------------------------------------------- 

i 63 212.2 a900 13 0.0032 0.915 0.26 0.03 0.10 
1 64 160.0 7200 23 0.0037 0.0i5 0.20 0.03 0.10 
1 65 199.9 13809 25 0.0036 0.015 0.20 i3.123 Q.lij 

I 66 320.0 14620 21 0.0033 0.015 0.20 0.03 0. l$ 
1 67 141.5 7930 55 0.0036 0.015 0.20 0.03 3.10 
1 69 33.9 1250 23 0.0072 0.415 0.23 0.03 9.16 
1 70 1bG.O 3000, 66 0.0030 0.015 0.20 0.03 0.10 
1 71 240.5 11400 5.6 0.0029 0.015 0.20 0 . ~ 3  ~.l$ 
i 72 23.1 2880 29 0.0060 C.Oi5 3.20 0.03 0.10 
I 73 111.6 1869 15 9.0059 0.015 0.20 0.03 0.19 
i 74 19.8 2003 19 0.0032 0.015 0.20 . 0.10 
: 7c , 137.5 9000 27 0.0069 0.0i5 0.30 0 ?7 

. J ,  9.15 
1 76 44.3 6430 44 0.0033 0.0i5 6.20 0.03 0.10 
! ?7 62.4 3000 95 0.0032 0.015 0.20 9.03 I;.!$ 
i 73 71.1 4030 76 0.9532 0.015 0.20 3.03 t j . i $  

I 20 88.5 3900 $7 0.0025 0.515 0.25 0.03 .j.10 
\ 9: 252.7 94QQ 93 ,>.0034 3.015 12.25 7 -  - ;.:,:c 
i 157.4 8902 69 0.0037 9.015 0.33 0.03 2.13 
1 93 151.3 szo0 59 Q . Q O ~ &  0.tji5 0.20 ,3,1?3 Q.12 
1 94 160.0 9 3 2  55 0.0029 0.015 9.20 2.03 (:.If) 
1 85 ISS.0 7900 55 0.3923 0.015 0.20 2.23 9.15 
1 85 33 .4  136?0 33 0.9025 0.0i5 0.20 0.03 <), jc  

i 27 122.3 $30(] 60 i).0$31 (2,315 0 . 3  (> ;>z $2 , - .> - 
1 99 83.! 4200 76 0.G023 0.015 0.20 0 . ~ 2  ~ - 1 5  -. 
! 25 4 ybcg ?$ 4.0625 0.915 13.26 ,I.-,? ., . .<,a 0,;,; 

q l  49.5 563Q 55 0.5934 f2.015 6.29 0.03 O , i o  
1 92 80.13 5GJ0 46 13.3029 9.t3i5 3.23 ;,33 
! 33 i19.5 7999 60 5.0029 $.I;:: 9.213 3.i.3 6.16 

1 94 153.9 TZC0 32 3.0026 0.015 ,2,33 ;j.c3 fi.It.2 
1 35 166.6 7909 51 0.0025 0.015 0.20 0 . ~ 3  $,I,; - .- 
i ?$ $).$ 7600 31 0.9024 3.!)15 0.2; J . -J> 

I 97 160.0 7900 29 0.00~9 0.o:j 12.20 0.03 5,::: 
1 35 150.g azgg 33 -.$]28 9.315 3.23 .:1.33 0.13 
i ""2, , . 80,2$ 45 $,Q929 Q m 0 i 5  0.20 !,) 1; A m  ,< ~2 . l 12 
1 lE3 160.9 7330 30 0.01331 3.015 0..22 (i.93 :. ' - "  ;:; 

i : UY ?A1 Z l G . 4  lo?$$ 46 3.0640 fJ,$15 0.3; !.) ?. , :.: ...- 2 c! -. . . A ,.I . 
: . - .  , - i b l . 5  pe$3 5G 2.+i>5fi (1.c15 $.zz !-! .-. : 2 *.?--' ;.&u 

, A".- , . , .  J 36 ' $6 3,120?5 $,1315 0 . 2  .... - a . h  
: " S >  - _ a >  L' , ,;'; !J , 1 ! j  
; ;:?q 73.5 ?51;3 57 r],t?ij97 12,315 3.39 3.35 

i $ 5  60.9 6200 71 5,3021 0.015 0.29 0 . ,> 3 !\ 2 . ! L'., :-I 

i 7 ; 1 ~  ,,, 3 .  !?$Q 67 0.~1253 ~,$!5 3.2i> ,2,!;3 .::.:a . -a" . .. , . . a )  1 ~ ~ 9  $200 52 9 . i ~ g f i  0.315 :,LO 9 . ~ 2  :.f; 

i '??? 4 560c) 54 " :).t313ze .3.015, !2.2!3 < . !> .: 5.:;; 
I 2C3 54 .2  5955 63 3,0330 9.5!5 G.29 .-. . . ,  R< (I.:? 
i 2:-2 32.7 =c:+' ,;?IJ 53 i j . i iC?z 0,915 3.29 3.37, %.II~ 
! 331 !so.$ - - $790 75 (i.!jC>] ::.[!15 0 . 3  3.$3 C , i O  
; 7 0  
, _ i d  , i 75 3.Ci)Cb t'J.iJ15 +).2:  !J.t>? ! > , ~ C I  
! <C? * *  .., , - - -  Iblz,c fib <!.cfi34 0.915 5.22 9 .19  ! ' , : A .  . .u- . I . !  

: 244 !6t~.fj ~sc! ]  54 9,9030 0,!]15 *9,32 , j , Jz  .;s:q.: 

.............................................................................. 
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ultimate land use. The averaged value was then adjusted to obtain a directly 

connected percent impervious value for the  subbasin. Vegetative cover was t h e  

basis for selecting values of pervious Manning's "nn and maximum infiltration 

rates. Minimum infiltration rates were estimated by soil type. Parameters 

assumed constant over the entire area were impervious Manning's "nl', depression 

storage, and infiltration decay rate. These were each set a t  an appropriate value. \ 

The routing of runoff was accomplished by connecting the concentration points by 

a series of gutters. As such, a series of networks was se t  up for the Bell Road to 

Northern Avenue section. The Pinnacle Peak Road to Bell Road section was 

modeled as a single network. Modeling of these networks was handled using the 

RUNOFF Block of SWMM, a description of which can be found in the SWMM 

User's Manual (Reference 3). 

Necessary parameters such as slope, width, and length were measured directly 

from the aerial maps. Side slopes for s treet  gutters were estimated from the road 

width by assuming a half-foot crown. Since SWMM artificially stores any runoff 

which will exceed the capacity of the conveyance structure, the full depth of each 

gutter was set as high as  was needed in order to assure full conveyance of runoff 

without storage. While this is unrealistic in terms of the ensuing sizes of the 

structures, i t  does constitute a worse case scenario for runoff a t  downstream 

concentration points resulting from a storm. 

Additionally, in order t o  avoid surcharge storage in the existing Peoria Avenue 

storm drain, the storm drain was not used in the modeling process. Instead, runoff 

was routed using street  gutters as described above. This is considered appropriate 

as the total volume and flow rates observed in the subbasins a r e  of interest for 

this report and limitations of the RUNOFF block preclude the modeling of 

simultaneous pipe and gutter  flow from a single concentration point. 

The resulting networks of subbasins were each modeled for existing and ultimate 

development conditions using lo-, 25-, and 100-year return period storms. These 

storms are  synthetically derived using nested distributions from rainfall intensity- 

duration-frequency curves for the City of Phoenix, Arizona (Reference 9). The 

resulting 2-hour rainfall events are conservative representations of actual 2-hour 



storms occurring in the area. Table 7 contains the values of the lo-, 25-, and 100- 

year return period storms used in the SWMM modeling. 

The results from the program executions contain hydrographs and volumes 

observed in the gutters of the networks. Sample program output for the area 

from Pinnacle Peak Road to Bell Road and for one network in the area from Bell 

Road t o  Northern Avenue are included in the Appendix. The results have been 

tabulated for peak flow rates and total volumes observed a t  the gutters draining 

each concentration point. These values a re  cumulative of the subbasin drainage 

and all  gutters connecting a t  the indicated concentration point. Tables 8 and 9 

list the peak flows and volumes, respectively, observed in the area from Pinnacle 

Peak Road to  Bell Road for both existing and ultimate conditions. Similarly, 

Tables 10 and 11 contain the peak flows and volumes for the area from Bell Road 

t o  Northern Avenue. 

DISCUSSION 

In general, the peak flows and volumes increase with both increasing storm return 

period and expected ultimate development. This is illustrated in Tables 2, 8, 9, 

10, and 11. Subbasins showing no runoff volume are  areas in which precipitation 

rates a re  exceeded by infiltration rates and depression storage. Conversely, 

subbasins exhibiting runoff volume are ones in which precipitation rates exceed 

infiltration rates and depression storage. The lat ter  subbasins are the areas which 

a re  of concern, particularly when the peak flows and volumes become much larger 

than can be conveyed by existing artificial and natural drainage channels. 

Currently, the Peoria Avenue Storm Drain is the only drainage facility in the city. 

The routing of runoff through this drain will decrease the values of the estimated 

street  flows along its path for both existing and ultimate conditions. However, 

the implementation of additional storm water drainage facilities consisting of 

pipes, open channels, and possibly detention basins is necessary to reduce the 

ultimate street  flow values in other areas as needed. The results contained within 

this report further identify problem drainage areas and will b i  of use in 

determining adequate drainage facilities in the subsequent Storm Water Master 

Plan study for the City of Peoria. 







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

... . i ,h L I;! id I.) L !,.I M E , i 11 2 I i 1.: 72 :' ''' ', 
*.r L, I. 

i 
I ' " I ! ; "  . .... .... .... .... .... .... ........ . , ,.. f _- - .- _- .- - __ -. __ - I _ -. -. -. -. -. I -. _ -- ..- -. - .- .- .- .- .- ..- .- - ..- - ..- ...... , i.., .,, ;-. .- . . 1, , .- "f $! 

,-, L? .. , 7.t . , . L p ; i ! ' : : f ! ..-, .- 1 .:; ;* [: ! 7 b >! ..... !..! ,. !:, I.,; :( i '.., j 8  .-. 

.... .... ...." .... . . . . .  .. . .-, .,% .L .-: .L .!. [; !_i 1. T :I: (5 A T E E X :f ij 'r :[ 2 G !,-j Id ',: .: i* t-! .4 
. . , . y i '! , y ,!: !-! ::$ :.? 'f:.; 1 1: '+ T 2 ' r : : ';.'.' .[ r;; '.? 'r .$. .. . . .._ i 

...... i .... .- ._. .- I - - _ -. -" - _ .- - - - .." __ _ .- .- .- - ..- _ _ _ _ _  .- .- .- .- -- _.I - .- -- .- .- .- ..- .- - - ... .- .- .... .- - -. - ..- .- - -. I 
.. .... 1 ] z., ;.:, <; ,- .? ,.; , ,; .- , . .  . . .... :i. I : L O 1  ..:, ..-, ,,' I.:, i , ! ':> s::, :.:, c:., ...: :i 13 '3 ti 9 7 4 1 1. 2 i? I 6 !3 , - . r 3 . ; ..; ,, ,, , , . ,,. 3 

: : , , , ,  ' - i 
;..' A.2 i; .: . - -..: , 

j ., .. .... I; 1 5 2 1 1. F.; 51 F2 <i 53(j1:52 1 ~ 3 3 5 : .  . . . . . . . . . . . . . . . . .  , , :.. 8 :  '3 : .? r l L . s . ;  c, i:. :I, . 7 :..: p, 1 ! - . 3 7 ! I 

: .  . i 

....... ..... . .... ;:.. .- , . . .  ...... /:.. $3 i z  ' 3 ,  -: : :'. <: .'; <:. <,-, .... ........... ,-. ." A -. 
. . .  . . . .  . . ' .  ... . . :I. 0 3  i :3 6 :;; ;3 5 -. ,-, , . ,  ! :I. ..!. t !:< .<?{ 2 > I i ; ..., .-? . . 1 . .  2 : .  ! 

! 4 1 9 .:! 1;) I:, ! i j  I\) \ ' !  ! j  . 6 ' 

. . .  .:: i 1 =:.: I. 1 4 I 5 f <'! i. ,.. ! ! ', ,! . . . .  
>. . . -. ! 

. . .  .... ..... .... , I l f L ) G  (j v; ty .::! 2:; c x' - 13 ".," "., - '  - s - .. - . . . . . . . . .  ,. , . J I / i I 4 1  :L 6 2 5 .. ; : t.5 <:: '.:. . .  .. 
,.., ! .-. c. '1 

i -. : ...a - .L '.> : . , 

. . . .  . . . . . . .  ...... .......... I . , '" 1 C'? I 
L$ I-: ..$ .' 3131:4::';3 1 2085(:! , a  , , : -. ......, ,..,..- 
i ,-$ .-.; 1 . A , , ,  . L . i .: ,: ,:.< .:?: ./ .:: I.. .i .. L ..: . .I .  i 2.; ' 

: ::s 1 1 f7, <:> 
3 .: " ,..> ... .... ,'j f ';' + ? , , ; .'-, 7 q .[ ;!) 2 

x u 1 . , .  . .  . u : r  , u r  L- -. 1.8  A.' : : i ] : , ' .  ; 1 <:;? ;;! :: ''1, :::; i.:, 
.. . .  ... I : 1 2. 12 3 f 4 '7 "3 7 " ..> .-; 1; ,. - ;-. ..... .... . ... ...J .u ..-* .,....,.- !!ar$!:,.; i :: :) ! : : t l .~ !~.~~ 3 :..';.!. L . 2  i ..> .;... - '' - , 7 , : ; ,-. .:I ,:. ,,> L- '; , a:.? i:.: .i ;-, ,.', 

" 8  ,..a ::: .: ',,. . :: 

I ..: : I 7. i t i 1 :. ;::> I<-> :o: 1 ' ' .I  . . . . .  ! ,! 7'; 1 
. . .  , '1': ., ., .I i: t : ' 5 !3 i ; . I . .$ .  ! . i . r . L  i ....* i 1.. 8 i 

: - z -  2 7F ;: 2 3 :L 3 1%; 4 i ,y , .- I . i .L ! 1 1 2  i I. ., .-, ..: -: .1; I. " . . . . . . . .  .') <.; -7 .<.' . ? : . : 1, i - , < ; : ,- , ; ,-.. 2. , ."> .'> 

.. . . . - .  .. . . . .  ... I ' 2  I :-, 0 ., . L- .. .'-, .-, ::. . I  
s.7 :... ., ,; .- . , 1; 5 ;z <z i. - -, 

. . ! i 1. 3 ! i:: .-I., .,. .i .JV i ,.., ... J ; ..- .L ~ - 6  1:. ,:. . . . .  ..,.,. .- / 
;! " ' ,.' i- ,.:.>!I .,..! ! 

: ' -  ; 1 1 4  s .  .. ':: : I 1.1 i '. : I , !  1"'; 1 
'I !:.- ' .4 ; . I . .  I , i / 

' , ,= ' f 9 0 I 1:: 1; ; , -. 
i . . i I. i 1:) . , 

.. I . .  I .I .I I -  , ,, . .- 7 8 .  2 .. , 4 .  . ! 4 i i . . L . L . , '  !\? '..) a ?? .i ! 
a .  > - .  

. . .  
; . ? 'i '5 

i , , .. .- . . .L .1. ...I 3,) 1:: i . . ? .! i I .. , 

. . .  : i 1. ;, ;-,. !.! i I..! 
.. 8 . . i :,, ; . .... .- . . 

" j  . ,-, , , I , * . . . . . . . .  " ..,' I.! ..: ! 43 .;j I 8 3 <-.. : 
. . . . .  . . .  . . <-.. . . , , . . .  . . 5 I i . & . . .  .... i ; I .  I ;!.';:I. 

: ....... ! 7 rs ?, ..-I ,,-I* i . , - .  
! . .  , .,. ..- ..._. I? ! t i  . , . , 

1 . . .  .-r .I ,-: .'I. s , I n < .: 
: ; .,. :..:.. 1 I ; <: ! 

.-., '1 "'. , ('> - .  
1 ,! . . . i . . <, , 

. : ! .L .:a ..: . . . .  . % . 
.... ... - .- -" -- .-. -- .- .... .- -- - - .- - .... .- .- -. - - - - .... - ,-. ... .- - - - -- - ..- .- .-. - -. .- .-. .... .- ................ .... .- ............ .-. .- ..- 



TAB!:.,E Yi.3 - PEAI( FLOWS F@H THE AREA FRQil BELL R O A I I  TO NORTHERN A'JEN!.JE 

_-_____. -_______-___-- - - - - - - - - - - - - - - - - - " - - - - - - - - - - - - - - - - - - - - - - - - - - - -  ---.--..-- 

I I I PEAK FLOWS (CFS) I ---------.-----------------.----------.-.-------.------------- 
i 

I SlJl? 1 ! 
IEASINI GUTTER I 10-YEAR 1 25-YEAH I 100-Y E A R  1 
I I 1 EXISTING ULTIMATE 1 EXISTING ULTIMATE 1 EX I S T  I N G  I ! LT  IMATE I 
\ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ' - - - - - - - - . - - - - - - - . . - - - - - - - - - - - - - - - - - - -  I 
1 1 1 101 1 236.2 273.8 1 277.3 324.3 1 3?9.9 .+4:3.:3 1 

102 1 3?9,,0 439.5 1 460.0 = 3  1 2 1  .J-6.2 1 636.3 743.6 1 
1 3 1 103 1 404.9 576.0 1 502.7 712.6 1 $0'3.5 .. .. I q ') ::; . !T 
1 4 1  104 376.1 613.6 1 473.4 784.2 1 687.0  1111.3 1 
( 5 1  105 1 362.5 681.6 ( 463.0 866.3 i 667.6 1222.3 1 
I 6 I 106 1 71.8 72.3 1 89,.5 90.1 1 114..3 115.6 I 
1 ( 107 ( 516.7 968.3 1 667.4 l231.7 1 972.8 1.7"" ' J d . 3  I 
1 8 1  105 1 33.7 80.8 1 48.1 37.0 1 [!]..I l 3 3 . . 0  f 

1 9 1 109 1 533.7 1025.2 ( 687.0 1233.6 1 1.001 " 5  1838.9 i 
1 10 I 110 1 565.7 1079.3 1 729.7 1372.7' 1 1067.7 1342.0 1 

'7 C 

1 11 1 111 1 30.8 100.5 1 38.1 1ni.a I 4a.l ?.,s.*! I 
I 12 1 112 ( 109.5 180.0 ( 129.3 217.2 1 1.76.4 2'34.3 1 
1 1 1 113 1 621.7 1182.5 1 801.5 1515.5 1 1175.2 2:L6-7.1 I 
I 14 1 114 1 612.1 1166.5 1 794.5 1501.8 I 1130,,6 2153.6 1 
i 15 ( 115 1 612.4 1169.4 795.1 1506.3 1 1181.3 2163.8 1 
1 17 ( 117 1 43.4 C I -  li.6 1 52.6 36.5 1 64.9 123.5 I 
j 21 1 121 1 73.5 73.5 1 92.0 32.0 1 113,s 118.5 I 
1 az 1 122 1 160.6 318.7 1 198.0 373.4 1 225.1 517.2 1 
! 2 3 1  123 1 350.9 481.6 1 421.6 586.0 1 599.3 814. 1 I 
1 24 1 124 1 228.6 238.0 1 283.8 340.0 1 361.7 464.4 1 
1 25 1 125 1 363.8 529.4 1 450.5 653.5 1 G33.9 j L . 1 
1 2G 1 126 1 643.3 880.2 793.7 1082.4 ( 110?.3 1503.3 1 
1 2 7 1  127 1281.8 292.4 1 342.8 345.4 1 449.7 471.7 1 
1 28 ( 123 1 670.3 889.4 j 835.0 1113.3 ! 1183.1 1571.6 1 
I 29 I 129 1 9 3 .  1410.5 11170.3 1768.2 11660.0 2496.9 1 
I 0 1 130 1 26.9 269.6 1 31.7 320.0 38.3 J_t?G.L; j 

C ,.. .- 
i 34 I 134 I 4.3 211.7 I 6.2 349.8 1 ,' . 1.3 :333.9 1 - 1 35 1 135 1.5 442.9 1 2.1 534.13 1 i .i 73G.Q I , I  

433.7 1 176.3 " 1 36 1 136 1 104.3 399.6 1 127.2 /05.2 1 
I 37 ( 137 1 34.G 81.9 105.0 101.3 1 i34.1 1313-2 1 
( 38 1 138 1 42.3 31.2 1 52.7 114.1 1 GG-8 1 4 7 . 2 I 
( 33 1 133 1 65.4 147.3 1 8O.9 185.1 10:2,,7 238 .,7 1 
1 40 1 140 1 202.3 259.3 1 238.0 305.7 1 d u . ~ . . ~  1 7 . 5 1 3 - 7 4 :  c 

I 41 1 141. 1 195.1 325.9 1 233.3 402 .8  1 3 3 3 , 4  
C C  .J..t3.3 1 

1 a2 1 142 1 0.0 140.0 1 0.2 166.6 i 2 "6 22;2.8 I 
43 ( 143 1 0.0 264.3 1 0.2 312.4 1 4.0 ' 425.1 I 

( 50 1 150 1 153.2 270.5 1 234.1 318.4 1 301.2 -435.9 I 
1 51 1 151 I 231.9 108.0 1 277.8 435.3 1 383.1 685.8 I 
I 52 ( 152 1 0.0 230.0 I 0.4 340.6 1 6.1 465.1 
1 53 1 153 1 373.4 750.1 1 451.5 926.1 1 1. 1293 -2 1 
1 54 ( 154 / 1G5.9 243.1 1 206.2 301.6 1 262.2 33f2.2 1 
1 55 1 155 1 462.4 968,2 1 573.3 1214.1 312.0 1726.5 1 
( 56 ( 156 1 438.1 9'78.8 1 5130.3 '1241.8 1 811.7 1778.8 1 
( 57 1 157 1 424.3 .. 931.1 1 552.1 12GO.L; 1 823.6 1823.7 1 

..- 
1 58 1 158 1 0.0 53 .‘3 1 0.1 i56.Z . I  ~i.1 84.7 1 
( 5 1 153 1 401.4 1043.3 1 526.2 1352.5 1 733.0 1377.0 i 
1 60 I 160 1 331.9 1014.3 1 503.4 1323.i 1 ',?73.3 1357.6 1 
I 61 I 161 I 60.5 60.5 1 74.3 74 .8  1 96 .5  96.5  I 
_ _ _ _ . _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ - _ - _ _ _ _ - - - . _ - - - - - - - . - -  -.----.----.--------.- 



-? , ,  !;, 'r:, 7 ;: .: ,, <! ' - PEAK F L O W S  FOR T H E  AREA FROM EEL.L R O A I l  TCI NORTHERN A'JENUE 

-.-.------.------------------------------ ------------- - .-,---.--.- -- ----  -------.... 
I ! I PEAK FLOWS ICFS? 

I-------------------------------------.-------------------..- 
I 

1 S l J B  1 ! 
I E A S I N I  G U T T E R  i 10-YEAH I 25-YEAH I 100-Y EAIr! ! 
I 1 1 E X I S T I N G  ULT IMRTE ( EX :[ST T N G  U L T I M A T E  I EXIST ING UL.T IMf3TE 1 
! ---------------------------------------------------------- .--------- .-----  1 
1 6 2  I 162 1 100.8 164.3 1 123.5 203.1 1 156.3 273.2 1 
1 6 3 1  163 53.3 155.0 ( 64.7 133.3 ( 73.7 248.5 I 
I 6 4  J 164 1 103.3 334.8 1 125.8 408.3 1 183.6 573.3 ! 
1 65  1 165 1 32.8 209.3 I 39.3 245.5 I -. 0 . 3 318.6 I C ' 

I G G  1 166 1 G7.3 431.2 1 31.4 585.7 1 174.4 837.8 1 
I G? 1 167 1 53.8 565.6 I 82.7 707.4 1 172.8 1013.4 I 
( 6 8 1  168 1 53.3 573.3 I 83 .? 723.2 1 1.78.1 1038.2 1 
1 7 0  1 1?0 1 131  -6 323.8 1 2 2 6 - 1  383.2 1 283.2 r ?  Gb3.0 1 
I 7 1  1 171 1 101.1  604.7 1 126.1  736.0 1 181.7 1922.6 1 
I 72  1 172 1 0.0 0.0 I 0.0 9.0 I C) . 12 3 . 3 
i 7 3  1 173 1 0.0 0.0 1 0.0 0.0 i 0.0 0 .0  1 
1 74  1 174 / 0.0 0.0 I 0.0 0.0 i 0.0 0..0 1 
1 7 5 1  175 1 0.0 0 .0  I 0.  G 0.0 I 6.0 9.0  i 
( 76  1 176 1 0.0 0.0 I 0.0 0.0 I 0 , 0  

., -. ,-, - 0 .0 i 
I : q ?? . . .. .. 

1 77 1 177 / 10.3 1. %zs ,, 1,;) I 12.0 L .. .. ., .. a 1 14.6 ,.; !. .I " ,..., .. ;. ,.., ., " ;-.! 5 " 3 
" I - .  ,. ., 

( 7 8  1 178 1 0.2 .i. :.: ;' ,, .i I 0 - 3  :., ! 3.1 ' . '  ! I . . ... , , . . 

1 80  1 180 1 107.5 188.3 / 123.7  228.5 1 175.7 :31.!5.3 1 
( 83. 1 181  1 70.5 5 9 8 - 3  1 83.9 .- q c ; .  1 133.7 1029.6 I 
1 82  1 182 1 167.1 292.1 1 204.2 342.7 1 253.E 467.7' i 
1 53  1 183 1 357.5 356.3 1 427w3 I=-c m 0 1 581.7 /92, ,5  1 
1 84  1 184 ( 55.9 646.8 1 ? l n G  813.2 1 113.6 1157.7 1 
1 85 1 135 1 368.2 1078.1  1 448,,4 1363.3 1 025.3 1331.4 
1 86  1 186 1 3Z7.1 1145.9 1 416.1 1465.3 1 601.6 2 0 8 3 . 3  1 
1 87  ( 187 1 318.5 1180.9 1 407.6 1526.? 1 G04,,? 22Qd1.8 1 
1 88  I 188 1 46.8 178.4 1 57.6 213.8 1 73.6 392.3 I 
1 83 1 183 1 163.4 568.3 1 208.0 698 .2  1 2156.3 3?5, .  1 1 
1 9 1  1 191  i 103.8 103.3 I 123.5 123.5 I 166.2 :LG6.2 I 
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APPENDIX 



SAMPLE HEC-1 OUTPUT 

AREA NORTH OF PINNACLE PEAK ROAD 



CCCC 
,..ud s R n H 

99 uu P I : )  c ~ ~ c ~ c ~ - r  !h, ,,,, LLE CCCCCCCC 
. ., - .. 5% EEEEEEEEEE CCCfCCCC 

,us -- ,,,: kL i r  L.L. 

. 3 . .  dl, 
, ! I ,  Fs E: CC 

I 5 !-! !.+! C,E CC 
~ ! j  HH EE CC 
;>, ?::up. y p ZT"7CrC 
"y. 4.. ,,'i, !4 , ,..-,uauu CC 
Y i ~ ~ ~ H ~ H ~ H ~  EEEEEEEE CC 

I ( I .  1 

0.5 9F 5: CC 
yt: t!!i EZ CC 
gp Fit! 2 if. 

-.. CCCCCCCC C::2CQg t$EEEE:IE 
CCCf CCCZ ~ ~ 3 3 ~ 5  c ~ ~ r r : : ~ :  a-.e~ea4d-da4 

CC 0; :]fi :E 
Cc 59 !:O E: 
Cf: @r! C!: EE 
Cf 00 Q[i EE 
CC 00 EEEEEEEZ 
CC nn u u 02 EEZEEZZE 
Cf. CO 00 . E E  
CC gr! QO 22 
CC 00 50 Ez 

- - 
, ,. . 3 .  . - - 3; ;:\; - .  GI: T T ,.I, 1111 a m . .  

. 1,. I :- 7 0  1::: -,$, gu ST s,.. . . , ,  i i i i  7 . 3 .  

- - . .. . , .. .- - ,-.<, '::I . .. - -  Iji! - - 'IT 1 i 



X x XXXXXXX XXXXX ;i 
X z ; X  L; X Xi: 

Y ' X X  X , 
XXXXXXX XXXX X XXXJ'X '.' ?< 

'! X X x 
X X X  x 2: 

X X XXXXXXX 'XfXXX " 5, .., 
Ann 



i I?;! . A  ID ....... 1 ....... 2 . . ,  .... 3 ....... 4. ..... .: ........ L.. ..... 7 ....... : .... ... !...,..i!J 
1 T T, i i s  P E c z I d  ,$II~BHUATEB fiAfTE3 P L b , /  SRE 

IE 5;:-1 8UfiEL Ffih NORTH OF .FIfiNA!lLE PEkK A!,'ENUZ - ,-,. .-= 2 i t  1.5; <.d 
J in 

A ,.. 16-, 25- ,  1?3-YPAB, 7-5iUH CCE DESIGN SI24$  
4 It JAMES 3. ifONTficMEHY. CoHSliLTI!!G EHG I?!zEPS - I T  10 . *. 

i Jlj 





LIME 

x x 7- "" 
EA 33.46 
n a 
L I., 2.0 
15 3.33 1.5 2 .0  0 !J 

If! $2 253 85.4 507 125 



* ------- --------- ----- -- 

HEC-1 INPUT PAGE 4 

LINE ID ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ,,...... 6 ......, ? ....... 8.......9 .... ,.lo 

>;if 43 

FA 2,11 
PB 2.9 
LE 0.32 
I!! D 





?EZF!IA STORMIATE? 3 A S I E R  PLAH 
HEC-1 KO[!EL EC# AlEA #$TH OF P!?dM&[LE PEAK ,;$E!i!-!E 
!C-, 2:-, AN[{ !!:'[)-'{E,Q, ?-NU: C3: IIESIGM .;TPHS 
J A k E f  i4, i%NTGCnE2'f. CCN5ULT I?!G ENG 3EEXS 

5 10 GUTPET CGNTBOL !,'L;IABLES 

1 
-. ,..,,- r J""{' 
A. ;,.: A 4 ?SIN1 C O M 3 O L  

O PLOT COtJTBOL 
,-,Cr t . 
u.sL.rti 0. HYDBOG3APH PLOT S C A L E  

3 i ? s ~  Y E S  PH IMT D I A G N O S T I C  Y E S S A G E S  

I l 7 7  A S':'?R3GRdPH i I f l E  DATA 

Nil:% .a 
/. .IINC:TES ' I N  .rCt.I;PUTATizti I t ITERVAL 

IDATE fi STi?i'i::F DATE 
-7 T i~ i i lE 3000 S T A I T I t i G  T M E  

N f l ,  130 HU?iBER OF HTDROlGHAPH ?XC!?!ATES 
HDCASE 1 5 E?IDING DATE 
iinr IHC 
!TL,L .qu 1 3 5 ~  EHCIHG TIHE 



PR5CIP ITAT ION CATA 

',;j L: EXPO?iENTIAL LESS RATE 
STBK? 0.35 iMiTiAL VALUZ 3: CgEFFiCiEilT 
DLTKT: 1.50 IHITIflL LOSS 
P?ICL 2.53 ~ ~ 5 . 2  C ~ E F Z  ICIENT RECESS IN i ~ i i $ 7 ~ ~ ?  
E R A  I?! g.iJ9 E)"gb!EFi? GF PgECIFITATiglj 
RTIWP 0.50 P X E N I  iHPEHVIOUS APEA 

,!, Ek E "' 

SUZSASiN CHARACTER ISTICS 
TAWZA. 1.39 SUE$!ASI?I AFEA 



.> 8 .- C"' .' 
A,, -LI E - - . -  

. JI ,IICL!? IAi, LgSS PATE 2r.i .'1tL, .-. s,,. 
>;I<I\L! 3.35 iNilIdL VALUE \zE LOjS iCEFzIC!EHT 
fiLTi;h i A . L V  =;. I+;ITIAL 



I 33 if 'XPC?!ENT IdL LZSS KATE 
C T q V G  
L L.X,\:, f i  .J .LIC. 9g I5iITIAL IjALFE OF CCEEFiC!E$T 
F ,  - 8 ,  

:!kiy;F ! .ZO INIiIAL LOSS 
RT I3L :.;r; LGSS COEFF:CIMT P:fE:f I C t l  c':flSTAMT 
E&A I N 0.35 EXPCtjEHT CF PRECIPIIATICN 
' hT!% 3.90 PEECENT IfiPEB'jICbS AEEA 

IFIPUT UNITGRAPii. 10 ORDINATES. VOLUHE = 1.00 
.. . 2.12 i75.5 :,39.0 1043.5 1193.fi 639.0 224.3 163.3 53.3 1;. 8 ,  ,, .: 

;.GI 2 , -:? 1 

8 .:-:! - -  L f -:,- L,ry!ItjEi!TI;L LOSS FATE 

E Z A ; ~  5.00 EXPfi?iENI OF PEECIPITATICM 
77 "i; 
I .- 4 8  . A  0.05 PE2CENT IhFEE'CiIOUS AREA I - -  :#.I 9 I 

.a .. I$P!JT Q H  ITGfiAPS, 5 iNATI.Z, "$CL$?$ = 1 



- *  I" ,  1 6 ~ ~ .  1 .$5 ,ZUFEASIN AREA 

P S Z I P I T A T I O N  DATA 

; 7 :,*. 
7 ;  ii STCSij 2.06 SASIN iCTAL PRECIPITATION 

1 1  "1 
i i  . INCHStlENTA L PRECIPITATION PATTEEN 

0. ?I!! 0.3i 3.00 3 .C0 0.51 0.00 0.111 0.01 fj w , .-; , -. 1 .. , .. , .-,,, ;. A 

I (7 ?. : 
r. d l  0.01 0.0: 0.01 0.01 0.01 0.31 0.0: ?, q i 

i, . v * ;: fi : .. . ... . 
0.01 O.C! 0.91 3,121 0 . ~ 2  9.c: 9-25 0 ,3fi .? ... . 2 2 o ; ,I! . 7 

*:I. l 2  c.37 0.05 C.i.3 c . 0 ~  0.33 G.C1 0.3i ? 91 - ., 
.,."A 

! !  : ; .  v . ... .s 

ST-;"&? 43.3 rfl I T  IAL ','AL!jE tz LOSS CCEFFICIE)jT 

b f ! iTt lE 1.50 IbiIIIAL LOSS 
;i? IOL 2.513 LOSS I:$EEE I C  IENf PECESS !El CCijSTANT 
" - a  .*<. i'.{ 
-..n LI 0 .$!) EXPONENT OF P$ECIP ITAT ION 

I ?rifip .%- c,$!J FEBCENT I?PS?I)!S!JS 

64 g I  !N?UT UF!ITGBAPH, 10 ORE !F{ATEO, 1,'ZLUYE = i.3Q 



TrL'iKlt 1.50 I X I T  IAL LO'S5 
RT IOL 2.03 LOSS COEFFICIENT 3ECESSIOH CONGTAHT 
CZAIEi 0.00 EXPONEST OF PE2CIPITATiOH 
S T T i P  5.93 P E X E N T  MPESVICUS AREA 

- 
53 !JI INPUT UNITFBAPH. G ORDINATES. VOLOtiF = 1-02 

GUSBASIN RUNOFF DATA 

5 .  SU86AS i N  CHARACTEPISTICS 

P TAREA. 1.25 SUBBASIN AREA 

PRECI? ITATION DATA 

5.1 pp STORH 2.0Q BASIN TOTAL TSECIPITATIOH 

3 7  
a. i A ISCREHENTAL PRECIPITATION PATTERN 

0.00 9.01 C.00 0.00 3.01 0.00 0.01 n L. . C:  g . .; ,: > 7 .. ..I 
8.61 0.01 0.C1 0.01 0.91 9.31 9.51 ;.{:I 5.21 ;. ;.? 

r r i . ;  

=c  , "  
.- .-: 5: :i'pc;;ENT;AL ' "'C 

Y 
L Y d d  

S??Ka 0.39 I N I T I A L  vfiL3E 9: LOSS CIE:FIC'EilT 
DLTKS i .50 I?I!TIAL LOSS 
RT IX 2.50 COEFFICIENT RECESSIOM CCNSTA?{T 

I E:iAI;*I 0 .OO EXPONENT ?F PXECIP ITATlOH 
RTIHP 1.00 PERCEbtT IHPEP1)ICUS AREA 

Y e  :ti 2 .- , IHPUT UHITFEAPH. 5 ORDINATES. VOLUME = 1 .OQ 
3.0 1265.0 2 2 3 . 0  653.0 79.0 



Pk.EC I F T A T  ICN Q A T i  

r c ~  3 3  
Ji ,.. ~ r ~ x n  2.00 EAS IN TOTAL PREC :P ITAT ION 

:tr 
L I IbJCHEiENTAL PREC I P  iTRTiON PATTERN 

Q.QO 0.01 0.00 0.00 0.31 1].3C 12.01 i).*Ji $.!i :?.$I 
!).!I1 c.?i 0.5: 0.01 (f.Oi O .?i 0.Oi 0.01 + , $ I  c,(!: 

2.01 0.01 0.01 0.0! 3 ,!;2 5.33 05 9 .'; ; 5.) . ..jg :, :7  'd . A .: 
0.12 0.07 0.05 0.03 0.02 0.03 0.0: 9.0i 0.01 0.01 
!?.a: 0.01 

:>I; LE I ' - '  

EXPOiiENTIAL LOSS RATE 
STRKH 0.35 I N I T I A L  VALUE GF LOSS COEFFICIENT 
ClTK8 1.50 I N I T I A L  LOSS 
RT 1% 2.0G LOSS COEFFICIENT RECESSION COHSTAHT 
EBk i N  O.CO EXPONENT OF PHECIP ITATICH 
B T l E P  5.90 PERCENT IMPERVIOUS AREA 

STEPtj 2 . X  FAS IN TOTAL TSECIP  ITATICN 



".R z& 8 - -  
SUEBBS!?I C?&SACTERISTICZ 

TAEEA , 1.?3 SUF2A:IN AREA 

.;r, -,r, -. . :.. STORH 2.Q0 BASIN TOTAL P9ECIPITATI.Ci4 

EXPOPENTIAL LOSS RAT5 
STSK? C.23 IBITIAL VALUE OF LOSS CGEPFICIEHT 
E L T I 3  1.53 INITIAL LOSS 
*." - x i  iOL 3 .!Jc LESS i!:EE: !C iENT aEC253 Ictj CC?jS'fA+iT 
EBk 12 0.00 EXPONENT OF PREZIP ITATiJ!; 
!'lI?!P 0 .CQ PERCE?{T inPEa'.,'!clJS APEA 



.-, <?:I 1.9 
c, <: :, C?, . . .  
C'. e c:. 

, -b: 
C> 4,'. -+: 
r - a  

<3. <yr 
<:a r1.3 , 
,--I 

I 1  

=: 
G r  

(3 G* 
r=l a> 
r.4 

I 1  

W C ,  JZ . 
=3 1 3  
.-a UJ C:P zr. 
3 4 

I J 3  ua <-> 
w .  
QI CTJ 
z 003 ,--I €3 
m 4 
us 
CI 

03 

9 
117 . m 

X I1 
a 
U: 
r%: 
c!! 
I-4 - c> 
2.i. F J  cy, 

6-4 =3 
'L. 
.G b-4 

t J 1  C> C, 
X: . . 
=:I 0;) c-. .. 3 n, <-.a 
5' LI-I ._.. 



.z,= ?$ 
. - -  

;gPSAS It! CH:RACTES IS? ICS 
T hDC:\ ~ n : , ~ , i ,  1.07 SUEBASIN A R E A  

j o c  rurr:rrny 71:; , ... U C L *  i. 4 .  -2. 

,;& '.I! STOBE! 3 . N  FASIN TOTAL TBEC IP!TATION 

y !  ;; ZXPONEHTIAL LCSS RATE 
'TTjV? 
w . , \ .?. 0.23 INITIAL VALUE OF LOSS COEFFICIENT 
DLTKP i.50 INITIAL LOSS 
liT!OL 2.00 LOSS COEFFICIENT 3ECESSION CONSTAt4T 
E R A  IN 3.00 EXPONENT GF PREC I? ITAT ION 
RT I?lP 0.30 FERCENT I3PERVI5CS AWZA u 57 !-!I I?iPUT UNITGRAPH. 6 ORCINATES. VOLEHE = 1.00 
0.0 bJi.0 1187.0 11?8.0 293.0 84.0 

I 
7; :: ~ 7 n 3 g  

--s2, # I  2.30 2 6 ~ 1 ~  J ":EC:PITAI:C:; 

1; .<'-nP-'",' *r.-..;:zp;T;i, PFECIPITATIOii PATTiRH A.1C 1.- ., . . !>,(11 G.OQ (1.00 !?.cl 12 . O g  82.31 . : . j j ~  
. 3 . !]!I , I  .:, , I .  r l  :I ,-, 1 

2. .,' 
r. ,*, 7 fl (A1 cs!ji : :  A I ! :  A *  , .  I .  ;! .a, 1 . -. . .. 
..., , xz - 0.0i g.:?i ., . .* , 3.51 -.<. , . <.: . ., . .., A !.J , f.1 I 

* .  9-02 '2.05 . #  ,.,. C,$? . P.* .. - m  O.:ii 3.01 c.61 1; .I; : 0.03 . . i-'L >. d.  .: . 
? .- * "" .? c= 5.35 " ,*. 0 .) ,43 .-; :. ? . . . . ,  -. - r .  . .  , ! I  

?. .. 7 

.:...- 1.j , 1,; ,! " , ...a '.I . :.A u ... > ,  . , < A  u. > A  
,. ,,. '.> , LC i 

,?,Gi' ' i .  I .i .;A 1 

- . . EXpJZ!.!7IhL lC:<S 



I SUESASIN RUNOFF CATA 

55 $A SJFFASIN CHAHACTERISTICS 
T A K A .  4.75 SLGFASIH APEA 

P?EC I? ITAT ION DATA 

C'.'Tnll", 8" 

i r . .  -r!:;+i IAL LOSS ?ATE 
P,,".,. 
JIX:;~' c . 2 ~  y 1 - 1 " ~  ., A F :,)AT , , ,- g~ 5: ,,.. ; ~ ~ ; n : c - - - - . '  ,.>,, . ;i:.?!T 
" TL" 
~!L,;...Y. 1 ,:$ I}iiTI$L LgSS 
B? I8L 2.!]12 LsSS COEEEI-zIENi 52C5551c?{ :ZCIJSTJNT 
2 %  IN 13 .$3 EI?O?{E}JT OF PREi !TATION 
PT In? o.,;g -"'-" ?:x~.sfiT IHF.EH1!II?US AFEA 



?REZIP ITATION 3 T P  

I 1 " " 
A " W  ?c . STORH 2 .0Q 8ASIH T o i A i  PBECIPITATICN 

. ..m 7 "  

-';d LL EX"$E?!T!AL LOSS 
"T;l;p 
L)riil , . .  0.38 I N I T I A L  VALUE OF LCSS C?EFFICIENT 
fiL1i:R 1.50 I N I T I A L  L2SS 
ETIflL ",.i:.:3 LOSS COEFF IC:EiiY flECEE.5 la?{ CCHSTAIIT 

I!; 3 .$!) EXPOHE)!: 3F PREC:"I:AT IO?! 
?T If!? ij,!J$ PESCEiiT I%P:?'!IO& AREA 



PRECIPITATION DATA 

' 1  i i l  ?4! STE;?i 2.313 EASIj TfiTPL PEECiPITiTI3:!  

8 .. , i  ?I i!iiBENEMTkL PkZCiPITh ' i I i iN  PATTERN 
3.01 12.50 3.30 ij.31 !>,oQ 

. . 3.QQ ~ . c l  :I . , .v+ :, 1 (! , 1.; 1 ;! . . .,.. 
0.01 c ,$ l  0 5: . ..) i !..: . ,.I 1 

- ,.. , * .  - .- 

I 0,Ci C.4i 0.01 .. L 2 . L ! .. . ! ! :  . .& 

G.$ ' I  3 I? g.22 3.55 '; , . - -  .. 7 -. 0.01 0.31 0 . ~ 1  . 5- , .  .... , . .  , - :', 1 7 . , . I ?  

0.03 13 -13 2 5.23 i, ;-j: * A .  ,.,: , ..> 1 A .  , ,  ,,, ., 3 . 
0.12 0.07 G.CS r . . . :  " a v .  

.,, ! ! *  
A 



S!jBsAS I)i Ss$kACTEE !ST ICS 
TA85.1, 2.75 SUBBASIN AREA 

PBEC!?!TAT ION DATA 

118 :E PT^-. ' 
:L.;x~! 2.00 3 A 3  , *5 . Y  TOTAL 29EC!P!TATi@?; 

ilc; 12 EXPONENTIAL LOSF EAT: 
S T k k 3  3-38 !!{!TIAL VALUE OF LESS CQEFFICIE?]T 
T!LTKt ! '50  IHIIIAL LOSS 

I BT IOL 2.C0  LOSS COEFFICIEHT BECESSiCN CCHSTAHT 
cp<'I:q 
L:1!7 L, 0.00 EXPONENT 2' PBEC!?ITATIO?! 
?TI?!? 0.35 PZPlIEHT I JPEbl!!!zl.:S 



717 7 "  
A"; Lu EXPONENTIAL LOSS RATE 

STkKH 0.33 !N!TIAL VALUE JF LOSS CCZFFICiENT 
DLTKFr 1.50 iNiIIAL LESS 
RT ':EL Z.00 LOSS COEFFICIENT RECESSION CONSTANT 
E R A  IN 0.36 EXPONENT OF PRECIPITATIZN 
WTIHP 0.50 PEXCZNT IHPERVIOUS AREA 

I 127 21 INPUT UNITGRAPH, 8 ORDINATES. VOLUME = 1.00 
0.3 313.0 10!?.6 1369.0 311.0 254.0 97.0 i9.Q 



0.01 b.G! 

194 r c  
Li. EXPONENTIAL LOSS RATE 

STRKR . 3.38 !?{ITIAL 1)AiUE QF LESS CQEEFICIE>{T 
DLTMR 1.50 MITIAL LGSS 
4T 2.00 LESS c.QEFP ICIENT 3SiZzS CCNS?ANT 
ERA I H  0.00 EXPBHENT OF PRECIPITATION 
RT IiiP G .GO PEBCENT IEPERVIOUS AREA 

" m V.U 298.9 337.3 1260.9 774.; 234.0 332.3 18.0 

Air A 

Dm"^* '-A"'- , x r ~ i P  i , ~ i  iuN DATA 

-+$ -1: 

I " -  

..,,... +-t i.&.A i-i +A& i;*i +A* A,? .;*,+ .j& ;&A ,;+; ii; *;;i ,!+i +A;  &+A &* :k  -;; i.;i +A+ i,+ L.;t ++i : k & i  *i+ i.:; ii.+ x;;:t ++.; .++,* ++,+ 



P ~ E C  I:I:ATIOH pl?: 

I :; 3 ? F~ STCRS 2.00 BASIN 10TAL PRECIPITATIOii  

,* P I  I i 1  

!YCSE$ENT:?L ? W ! P  ITATICN PATTERH 
9. 012 9.01 $,40 9.00 1; . (2 1 !: u . v % t  A,\ n .J . ni .J A :],3; .:..:I -. .. 

! %  . a %  2. J L  

0.91 0.6i 0.01 C.01 0.01 5.0i 5.01 6; , $.: i c.51 
.. A -  

: j  # :I 
% . A ,  

0.01 0.93 0.35 .-, fiL .I ,: ':i - " 7  C.$l 9.01 13.01 0.02 '. ..,li .:,.. 
.. . 
< ; A :  

I $3.12 0,0? QmQ5 5 . fi? g w  0.62 0,!>2 ::),3i . !I " & m u -  : t S  " '  c,,:l :: Y .-,A t., : 

0.51 $.1)1 

I 
:44 i,: y,. ,.i.r!]NE;;TIAt LOSS RATE 

STBKR 9.32 I N I T I A L  VALUE GF LOSS C3EEFICIENT 
~ . r i X  it1 1.50 I:I!TIAL LOSS 

XT l,;L 2.30 iOS3 COEEF ICIENT RECESS I O N  COHSTANT 
ERA ~ ? i  O .OG EXPONENT 3F PRECIPITATIOti  
R T  I 3 P  3.30 P E K E 3 7  i iVE4UiOUS A R E A  

?<?.?:;!!.;yI;L itl.;.; 
, -my.  .- - .u,, - - 
. d A . , l . . . l  

~: l : r r  r -  .'., . I -  -- . -c- - n - i . p ~ ~ - -  
*,! * A  **L Y?L,;: !:: L i L  :. 8L.L. L .=,:!iT 

[!LTLE . - -  ; ,ti-, If; ; V A L  LOSS a - m . - -  
7 . i - - L  -, :,-I ' 7 C C  , - f i C " C T ^ - ~ : , ~ ?  jS--" 

& = ., , dc 2L a;.. < A  & :<- ,~; -:z$I,:il <.~!~:::.:,'j; 



i:z 2: rn.".,I,. :hl;n 3R STZADGLE-STAGGER BOlJTINF 
NSTPS 4 btYF58 OF TbTUll STEPS 
METEL #CHEER OF !]BDIHAT:z 5: AVERAGED 
LAG 3 i+U?!YES OF INIEEVALS TO LAG HYBEOG8APH 

12% $A t - - '  

SEFBAS CHPRkCIER IC$ -.. i i tuEA,  2-11 3UEB4SiN AREA 

QRFf'Tp7VP'fi' . . l i n A  i u t l  DATA 

- 7 -  - 7 .  
t .- ; .- - -  =-fird 

.>LU'?,, 1 ,. ;?,? d.G ZASIN TOTAL 







I 174 xc H%;gzszXAFH CoyF::jaTI@ 
~r-cfip 2 NUHBE? OF HYDROGRAPHS TO SOEFI2E 

STGRH 2.00 BASIN TOTAL PkECIP IlATiON 



I n : r > ? ~ ~ - > '  , 
- .,--I-!*! 

~ : ~ ~ . . i ~ f i ~ ~  . . . , , ;i?EP PLAN - -. 

12 0.35 1 FLGU 
f IHE 

.i 7 . rn .- 
a a 

, , .- 
A . - 1 L  i :LC:! 

T IHE 

15 
i v  1 .!>7 ;"!Jl$j 

T IHE 



i 

TIME 

1 FLCU 
T IkE 

FLCY 
l IME 

i FLOW 
TI% 



SAMPLE SWMM OUTPUT 

AREA FROM PINNACLE PEAK ROAD TO BELL ROAD 



8 
b $ $ --- C O N T I N U I T Y  CHECK FOR Q U A N T I T Y  --- b 4 t 

T O T A L  P R E C I P I T A T I O N  ( R A I N  P L U S  SNOM) 

T O T A L  I N F I L T R A T I O N  
I 

1 T O T A L  E V A P O R A T I O N  

T O T A L  G U I T E W P  I P E / S U B C A T  F L O U  A T  I N L E T S  

T O T A L  WATER R E H A I N I N G  I N  G U T T E R / P I P E S  

T O T A L  WATER R E H A I N I N S  I N  S U R F A C E  S T O R A G E  

I N F  I L T K A T  I O N  OVER T H E  P E R V  I O U S  AREA.. . 
-------- 

I N F I L T R A T I O N  + E V A P U R R T I O H  + - 
SNOW REMOVAL + I N L E T  FLOW + 
WATER R E H A I N I N S  I N  G U T T E R / P I P E S  + ' 
WATER R E H A I N I N G  I N  S U R F A C E  S T O R A G E  + 
WATER R E H A I N I N G  I N  SHOW COVER.. . . . . . . . 

I 
T H E  ERXOK I N  C O N T I N U I T Y  IS CALCULATED A S  

AAkttkAiAAAkkAAkktttAAAkkkhAfAtkAtttAft 
k P R E C I P I T A T I O N  + I N I T I A L  SNOW COVER t 8 A - I H P I L T R A T I O N  - t 
A E V A P O R A I I O M  - SNOW REIIOVAL - f 
A I H L E T  FLOW - WATER I N  G U T T E H t P I P E S  - t 
AWATER I N  S U E F A C E  STORAGE - t 
t W A T E R  R E M A I N I N G  I H  SNOU COVER t 
fr------------------------------------- f 

A P R E C I P I T A T I O N  + I N I T I A L  SNOU COVER t 
A t  AA f A A A A k A k A A A k A A t  A A A A k A A A A k A A A A t t  A t  A t  

6 ERROR.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C U B I C  F E E T  
I N C H E S  DVEI! 
T O T A L  B A S I N  

3.119 P E R C E N T  



u m m  

LO 
r? F s C C c . ' C c . ' C C - W W - C W C w C ~ C ~ C - . F F C F C - . W C C - ' C - . ~ C - . W C - . C w C . W C C C C W C W ~ W D H  

CZ < u- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
X 

..c 
3: 

g a c2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 * 0 0 0 1 3 0 0 0 * 0 0 0 0 0 0 d ~ 0 0 0 0 ~ 0 0 s n  
D 
5 51. 





rp 
m Lo 
C 
t-' 
H 
LO 



CUE-FT 



E 
C I T Y  O F  P E O R I A  S T O R i  D R A I N  H A S T E P  P L A N  ( R / O  O N L Y )  

I S E C T I O N S  RUNNING O F F  T O  R I V E R  - 10-YEAR S T O H H ,  E X I S I I N G  C O N D I T I O N S  

T' , S U H H A h Y  O F  Q U A N T I T Y  R E S U L T S  ( INFLOW I N  C F S )  AT L O C A T I O N  103 

DATE 8 I O / B A / Y R  
l/ l/ 0 

T I H E  
!%:!!IN 
0 60.0 
1 5.0 
1 10.0 
1 15.0 
1 20.Q 
1 25.0 
1 30.0 
1 35.0 
1 40.0 
1 45.0 
1 50.0 
1 55.0 
2 0.0 
2 5.0 
2 10.0 
2 15.0 
2 20.0 
2 25.0 
2 30.0 
2 35.0 
2 40.0 
2 45.0 
2 50.0 
2 55.0 
2 60.0 
3 5.0 
3 10.0 
3 15.0 
3 20.0 

F L ~ U  
C F S  

0.90! 
4.212 
5.137 
5.114 
5.467 
5.255 
5.039 
4.994 
5,067 
5.224 
5.419 
5.358 
5.323 
5.001 
4.698 
4.413 
4.144 
3.987 
3.641 
3.404 
3.176 
2.956 
2.744 
2.539 
2.342 
2.152 
1.969 
1.793 
1.624 





CITY OF PEORIA SIOPH DRAIN HASIER PLAN (W/O ONLY) 

a SECTIONS RUNNING OFF I0  RIVER - 10-YEAR SIOPK, EXISTING CONDITIONS 

r SUHHARY OF DUANTITY RESULTS I INFLOW IN CFS) AT LOCATION 104 

DATE TIHE FLOW 'a ilO/I~A/YR HR:HIN CFS 

FLOW UT'D HEANS 0.000 

8 FLOW WT'D STD-DEVS 22.346 

IE IOIAL LOADS 0.000 
CUB-FI 



E 
CITY OF PEORIA STOBtl DRAIN MASTER PLAN ( R / O  ONLY) 

I SECTIONS RUNNING OFF I0 RIVER - 10-YEAR STOH. EXISTING CONl~ITIOHS 

DATE TME F L ~ W  f i  IOIPAIYR HI:MIN CFS . 

FLOW WT'D MEANS 0.000 

FLOK WT'Il STD-DEVS 22.346 

0.000 
CUB-FT 







C I T Y  O F  P E O R I A  S T O R H  D R A I N  H A S T E N  P L A N  I X / O  O N L Y )  

S E C T I O N S  RUNNING O F F  T O  R I V E B  - 1 0 - Y E A R  S T O R H ,  E X I S T I N G  C O N D I T I O N S  

I SUHHARY O F  Q U A N T I T Y  R E S U L T S  ( INFLOW I N  C F S )  A T  L O C A T I O N  108 

T I H E  
HN:HIN 
0 60.0 
1 5.0 
1 10.0 
1 15.0 
1 20.0 
1 25.0 
1 30.0 
1 35.0 
1 40.0 
! 45.0 
1 50.0 
1 55.0 
2 0.0 
2 5.0 
2 10.0 
2 15.0 
2 29.0 
2 25.0 
2 30.0 
2 35.0 
2 40.0 
2 45.0 
2 50.0 
2 55.0 . 
2 60.0 
3 5.0 
3 10.0 
3 15.0 
3 20.0 
3 25.0 
3 30.0 
3 35.0 
3 40.0 
3 45.0 
3 50.0 
3 55.0 
3 60.0 
4 5.0 
4 10.0 
4 15.0 
4 20.0 
4 25.0 
4 30.0 
4 35.0 
4 40.0 
4 45.0 
4 50.0 
4 55.0 
5 0.0 

FLOW WT'D H E A N S  

FLOW 
C F S  

0.639 
3.042 
3.917 
4.208 
4.787 
4.999 
5.198 
c c 7  J.JO- 
5.885 
6.928 
6.802 
7.088 
7.375 
7.419 
7.421 
7.407 
7.252 
7.267 
7.155 
7.016 
6.855 
6.675 
6.477 
6.266 
6.042 
5.809 
5.569 
5.324 
5.076 
4.826 
4.576 
4.327 
4.081 
3.940 
3.603 
3.372 
3.149 
2.933 
2.726 
2.529 
2.343 
2.168 
2.005 
1.856 
1.723 
1.608 
1.513 
1.426 
1.345 



1C 
FLOW WI'D SID-DEE 35.212 

@ TOTAL LORDS 68056.945 
CUB-FT 

I 6 

a 
I 
n 
I 
R 
I 
1 
I 
I 
n 
9 
I 
0 
t 
8 
u 



1 
C I T Y  OF P E O R I A  STORH DRAIN HASTER PLAN (R/O ONLY) 

I S E C T  I O N S  RUNNING O F F  TO k I U E R  - 1 0 - Y E A R  STORK,  E X I S T I N G  C O N D I T I O N S  

1C SUHHAEY O F  QUANTITY R E S U L T S  ( INFLOU I N  C F S )  AT LOCATION 109 

F L ~  
C F S  

0.752 
3.545 
4.427 
4.562 
5.008 
4.996 
4.971 
5.075 
5.270 
5.533 
5.827 
5.902 
5.992 
5.816 
5.63? 
5.453 
5.263 
5.068 
4.865 
4.666 
4.460 
4.252 
4.044 
3.836 
3.630 
3.425 
3.223 
3.025 
2.830 
2.641 
2.456 
2.277 
2.104 
1.939 
1 ,779 
1.627 
1.48'3 
1.346 
1.219 
1.101 
0.992 
0.893 
0.806 
0.731 
0.670 
0.628 
0.597 
0.569 
0.544 

I FLOW M I ' )  HEANS 2.629 



1. 
FLOM WI'D SID-IIEVS 25.874 

TOIRL LOfiI1S 47327.551 
CUE-FT 



1 
CITY OF PEORIA SIORH DRAIN HASTER PLAN !R/O ONLY) 

SECTIONS XUHMING OFF TO RIVER - 10-YEAR STORH, EXISTING CONDITIONS 

i SUHHARY OF RUANTIIY RESULTS ( INFLOW IN CFS) AT LOCATION 110 

DATE TIHE FLOW 1 MIIDA/YR HR:HIN CFS 

FLOW YT'D HEANS 0.000 

0.000 
CUB-ET 



I C I T Y  OE P E O R I A  S T O B H  D R A I N  t i A S T E R  P L A N  ( h / O  ONLY)  

S E C T I O N S  RUNNING O F F  10 R I V E R  - 1 0 - Y E A R  S T O X H ,  E X I S T I N G  C O N D I T I O N S  

SUHHARY O F  Q U A N T I T Y  R E S U L T S  ( INFLOW I N  C F S )  A T  L O C A T I O N  111 

FLOM D A T E  T I t f E  # t f O l O A l Y R  HR:RIW C F S  

FLOM M I '  D H E A N S  0.000 

1 FLOW UI'D STD-DEVS 25.874 





~1 FLOW WT'D STD-DEWS 0.092 

174.787 
CUE-FT 



I SECTIONS E U N N i N G  OFF TO BIVEX - 10-YEAH STOBW, EXISIING CONDITIONS 

I !  SUWHAEY CF RUANTITY RESULIS ( INFLOW IN CFS) A 1  LOCATION 113 

DATE TIME F L ~ U  ' 1 WOIPAIYR HR:WItd CFS 

I FLOW WI'D HEANS 0.000 

) FLou urln sm-arvs 0.092 



CITY OE PEORIA STOHtl DRAIN MASTER PLAN (R/O ONLY) 

I SECTIONS RUNNING OFF TO RIVER - 10-YEAR STORH. EXISTING CONDITIONS 

I1  
SUMAEY OF RUANTITi RESULTS ( INFLOW IN CES) AT LOCATION 114 

DATE TIHE F L ~ I  . 8 HOIDAIYR HR:MIN CES 

FLOW MT'D HEANS 0.000 , RIAL LOACS 0.000 
CUB-FT 



I 
CITY OF PEORIA STORH DRAIN HASTEB PLAN (X/O ONLY 

I SECTIOMS RUNNING OFF TO RIVER - 10-YEAX STOBH, EXISTING CONDITIONS 

B SUHHAXY OF QUANTITY RESULTS ( INFLOW IN CFS) AT LOCATION 116 

DATE TIHE FLOI a I(O/OAIYX HB:HIN CFS 

FLOW UT 'D fiEANS 0.000 

) FLOW UI'D SIb-DEYS 0.092 

0.000 
CUB-FT 



CITY OF PEORIA SIORH DRAIN HASTER PLAN ( R / O  ONLY 

SECTIONS RUNNING OFF TO RIVER - 10-YEAR STORH, EXISTING CONDITIONS 

I1  
SUHHABY OF QUANTITY RESULTS ( INFLOW IN CFS) AT LOCATION 117 

ElATE TIflE F L ~ W  ' 1 HOllDAlYR HR:HIN CFS 

I FLOW MT'D HEANS 0.000 

FLOW WI'D ST)-DEVS 0.092 



I 

CITY OF PEORIA STORtl DkAIN HASTER PLAN (R/O ONLY) 

SECTICHS RUNNING OFF TO RIVER - 19-YEAR STORH, EXISTING CONDITIONS 

I SUtiHAXY OF RUANIITY RESULTS ( INFLOW IN CFS) AT LOCATION 118 

DATE TIWE F L ~ U  I HO/DR/YR HR:RIN CFS 

FLOW WT'D WEANS 0.030 

) FLOW UT'D STI-IVS 0.092 

I 
C .ooo 

CUB-ET 



I 
CITY OF PEORIA STOR# DRAIN tiASTEh PLAN ( R / O  ONLY) 

I SECTIOMS RUNNING OFF TO kIVEh - 10-YEAR ST OR^, EXISTING CONDITIONS 

I SUMMARY OF RUANTITY RESULTS ( INFLOW IN CFS) AT LOCATION 119 

DATE TIHE FLOW I M@/OA/YR HR:)IIN CFS 

FLOW YT'D HEANS 0.090 

FLOW WT'D STI-DEVS 0.092 

0.000 
CUB-FT 



I 
CITY OF PEORIA STOkW DRAIN HASTEE PLAN iR/O O N L Y )  

I SECTIONS RUNNING OFF TO RIVER - 10-YEAR STORH. EXISTING CONDITIONS 

I SUHHARY OF QUANTITY RESULTS ( INFLOW IN CFS) AT LOCATION 120 

DATE TIEE F L ~  . I H O l O A l Y R  HR:RIN CFS 

FLOW MT'D HEANS 0.000 

I FLOW WI'D SID-DEVS 0.092 

0.000 
CUB-FT 



CITY OF PEORIA STORW DRAIN HASTER PLAN ( R / O  ONLY) 

SECTIORS RUNNING OFF TO RIVER - 10-YEAR STORW, EXISTING CONDITIONS 

SUHWARY OF QUANTITY RESULTS ( INFLOW IN CFS) AT LOCATION 121 

DATE TIHE F L ~ W  
H@/DA/YR HH:HIN CES 

FLOW WT'B WEANS 0.000 

FLOW WT'D SID-DEWS 0.092 

TOTAL LOADS 0.000 
. . CUB-ET 



15.2 

153 

154 

155 

? 7: 
A UY 

157 

1 z:i 

: CP. L 4 :: 

. ., 
;cl.) 

...,, 
I N !  r? 
&.*.A- 6 

r, 

TRiFVPAPY SUEAREAS 



I:, 0 
D 0 

BESSAGE S!J$:Z~:!NE ~ ' f p ~ ? . . .  TME PLOTTING INIEEVAL FOE SUBROUTINE HCURVE IS.. I TIEE STEPS 



I 
C I T Y  O F  P E O R I A  S T O K H  D R A I N  H A S T E R  PLAN I R / O  O N L Y )  

I S E C T I O N S  RUHNIMG O F F  T O  R I V E R  - 1 0 - Y E A R  STORW, E X I S T I N G  C O N D I T I O N S  

I SUHHABY O F  Q U A N T I T Y  R E S U L T S  i INFLOM I N  C F S )  AT L O C A T I O N  122 

DATE TME F L ~ W  
t I O / I l A l Y R  a R : f l I N  C F S  

FLOW WT'D H E A N S  0.000 

I FLEW WT'D S T D - D E V S  0.092 



I 
CITY OF PEORIA STORH DRAIN HASIER PLAN (K/O ONLY) 

I SECTIONS RUNNING OFF TO RIVER - 10-YEAR STOEW. EXISTING CONDITIONS 

I SUHiARY OF QUANTITY RESULTS ( INFLOW IN CFS) AT LOCAIIDN 123 

I 

DATE TIEE FLOW 
HO/DA/YR HP:HIN CFS 

1 FLOW WT'D HEANS 0.000 

( FLOW WT'B STB-DEWS 0.092 



I 
CITY OF PEORIA STORH DRAIN MASTER PLAN ( R / O  O N L Y )  

I SECTIONS RUNNING OFF TO RIVER - 10-YEAR STORR. EXISTING COHDITIONS 

I SUMHARY OF flUANTITY RESULTS ( INFLOW IN CFS) AT LOCAIION 124 

DATE TIHE F L ~ W  ) MO/DA!YP HR:HIN CFS 

1 FLOU WT'D MEANS 0.001 

( TOTAL LOADS 0.000 
CUB-FT 

I A A A A A RUNOFF SIMULATION ENDED NORHALLY A b A A A 



I EHDPROGXOli BLOCK CALLED. 

( I A I t ). STOEHUAIEP SIHULOIION EHDEO HOKnRLLY A A ). A A 

I 
I 
I 
M 
I 
I 
I 
I 
I 
B 
I 
u 
I 
m 
I 
I 
t 



m m L n  
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X X X  
a a a  
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m Y7 b-J 
u a a  
X X X  
H n I -  

m o m  
F3 r! F3 
* w - r  
- 4 -  

z r x x r a z r  r 
r r .  

r X x T r T z  

Ds 
CT cY Yi 
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Yi Yi 
Yi a 

CT CT 
3; &,cY Yi =IS: 3; 

LO 
LO LO 

m LO m 
m LO Ln u> - 0-J m 
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Ln LO m 
r T Y= 
3 2 
\ \ \  X X X  

9 9 %  

CO UJ 03 
r r z  
C Z ?  
X X X  
a a u  
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ENVIRONHENTAL PROTECTION AGENCY - STORH WATER HANAGEKENT MODEL kkk RELEASE 111.3 AAA 

DEVELOPED BY HETCALF X EDDY, INC. , 

UNIVEESITY OF FLORIDA 

WATER RESOURCES ENGINEERS, INC. 

SEPTEKEER 1970 

.UPD4TZil EY THE UN IVERSITY OF FLORIDA 

MARCH 1975 

NOVEKEER 1977 

NOVEHBER 1981 

AUGUST 1983 

THIS IS A NEW RELEASE OF THE SWKH. IF ANY PROELEHS 

OCCUR IN RUNNING THIS HODEL PLEASE CONTACT WAYNE 

HUBER AT THE UNIVERSITY OF FLORIDA. 

PHONE 1-904-392-0046 

I DISK OR TAPE ASSIGNMENTS FOR ELOCKS CALLED. THEY ARE IN ME SAHE ORDER IN WHICH THE ELOCKS ARE CALLED. 

( SCRATCH DISKS OR TAPES YHICH CAN RE USED BY ANY BLOCK CALLEU. 

I NSCRAT ( 1) 
1 

NSCRAT (3 )  
0 

NSCRAT(4 NSCRAT ( 5  
0 0 



I RUNOFF BLOCK CALLED. 

ENTRY UADE TO RUNOFF BLOCK 

I RUNOFF BLOC!! UAS LAST UPDATEB BY THE UNIVERSITY OF FLORIDA JANUARY 1383. 

CITY OF PEORIA STORM DRAIN HASTER PLAN ( R / O  OHLY 1 

SECTIONS RUNNING OFF TO RIVER - 10-YEAR STORH. EXISTING CONDITIONS 

- ............. I CONTINUOUS SYdR PARAHEIER ICRAIH.. 0 

...................... . I SNOWMELT PARAMETER ISNOW. 0 

.................. NUHEER OF RAIN GAGES - NRGAG... 1 

...... I HOSTON IFILIRATION EQUATION USED - INF ILM.. 0 

.............. . QUALITY IS NOT SIMULATED t!WALIY.. 0 

........... . I IEFkULT EVAPORAI'1OI RATE USE1 IVAP.. 0 

I USE U.S. CUSIOHARY UNITS FOR MOST 1/0 - MEIPIC. .. 0 

i ............... . INPUT NUHBER OF TIHE STEPS NSTEP 60 

I INTEGRAIIOH TIME INTERVAL (MINUTES) - DELI.. ..... 5.00 

I HONTH, DAY,  YEAR OF START OF STORH IS: 11 l/ 0 

I PERCENT OF IHPERVICUS AREA WITH ZERO DETENTION DEPTH 25.0 

AAHORTON INF ILIRAT ION UODEL BEING USED 
RATE FOR REGENERATION OF INFILTRATION = REGEN k DECAY I DECAY IS READ IN FOR EACH SUBCAICHHENI 
REGEN = ........................................ 0.01000 



I F O R  24 R A I N F A L L  S T E P S .  THE T I f i E  I N T E R V A L  IS 5.00 H I N U T E S  U N I T S  ARE I N I H R .  

FOR H A I N G A G E  NUWBER 1. R A I N F A L L  H I S T O R Y  IS 

1 E V A P O R R T I O H  L A T E  ( I N I D R Y  j . 
JAN. F E E .  HAR. APR.  HAY JUN. JUL. AUG. S E P .  O C I .  NDV. D E E .  I 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 



k k A k A  G U T T E R  A N D  P I P E  D A T A  k A k k A  

I GUTTER GUTTER WIDTH LENGTH SLOPE S I D E S L O P E S  tiANNING HAXDEPTH 
NUWBEk CONNECTION {FT)  ( F T )  ( F I / F T )  L k N ( F I )  

I TOTAL HUWBEK OF GUTTERS/PIPES, 

ASTEE ISK ( A )  DENOTES CIRCULAR PIPE,  DIAHETER=. W IDTH. a MLLRR SIGN ($1 UEWOTES DUHHY GUTTER, USE11 TO ORMLIN n I N T  OUTS ONLY. 



I I 
16.000 - 

I 
- 
I 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I AAA I 

12.000 - A A 
I 

- 
A A I 

I f A I 
RUIiOFF I A A I 

I f A I 
IN I A A A A I 

I A f I 
CFS I A t  A I 

I f A I 
I A A I 

9.000 - t A 
I 

- 
A A I 

I A A I 
I A A I 
I A A I 
I A .  A I 
I )i A I 
I A A I 
1 A A I 
I f A A I 

4.000 - A A 
I 

- 
A A I 

I A k A  I 
I A A I 
I A A A I 
I i A A I 
I A AAAA I 
I A A I 
I A I 
I A I 

0,000 AAAAAAAAf~AA--------I---------I---------I---------I---------I---------I---------I---------I--------- I 
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0 

TIHE IN HOURS 

INLET HYDROGRAPH INLETS 1 

THE HYDROGRAPH IS THE sun OF THE FLOU IN ALL INLETS 



I I 
3.200 - - 

I I 
I I 
I A I 
I A A I 
I A A I 
I A A I 
I A A I 
I t; A I 
I h A I 

2.400 - A A - 
I A A I 
I A A I 

INF IL- I A A 1 
I A A I 

TXATION I A A I 
I A A I 

IN/ HR I A A I 
I A A I 
I i A I 

1.600 - A $; - 
I h A I 
I A A  I 
I A A I 
I A A I 
I A A I 
I A A I 
I A A I 
I A A I 
I A A I 

0.800 - A A - 
I A f I 
I A A I 
I h A I 
I A A I 
I AA A I 
I A A I 
I AAA A A f A  I 
I A A  A A I 
I A A A A A A A A A A h f f  A A A A A A A A A A A A A t c f A f f A A A A f t A  I 

@,OO@ A---------I---------I---------I---------I---------I---------I---------I---------I---------I--------- I 
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0 

TIHE IN HOURS 

INFILTXAT ION VERSUS T IHE INLETS 1 

THE INFILTRATION PLOT IS THE ACTUAL INFILTRATION OVER THE PERVIOUS AREA ONLY 



I 
f f f A ) i  S U B C A T C H M E N T  I I A T A  

SUFCATCH- GUTTER WIDTH AREA PERCENT 
HEN1 NO. OR INLET (FT)  (AC) IHPERV. 

1 1 101 4200.00 532.30 0.00 
2 2 102 2300.00 '232.lb 0.00 
3 3 103 5280.00 646.60 0.00 8 4 4 104 10560.00 320.30 18.00 
5 5 105 10560.00 322.40 9.00 
6 6 106 3100.00 403.80 0.00 1' 7 7 107 2000.00 215.10 6.00 
8 fl 108 4600.00 639.60 0.00 
9 9 1C9 5000.00 592.90 0.00 1 10 10 110 2700.00 329.50 0.00 
11 11 111 5280.00 617.00 0.00 
12 12 112 4000.00 447.90 0.00 
13 13 113 2950.00 160.00 0.00 1 14 14 114 7200.00 160.00 51.00 
15 15 116 10480.00 640.00 11.00 
16 16 116 4800.00 532.10 0.00 1 17 17 117 1600.00 215.30 0.00 
18 18 118 3050.00 324.20 0.00 
19 19 119 2900.00 321.00 5.00 

f 20 20 120 1200.00 130.80 0.00 
21 21 121 2500.00 283.60 0.00 
22 12 122 2300.00 201.10 0.00 
23 23 123 4800.00 450.00 0.00 
24 24 124 2700.00 150.20 0.00 

TOTAL NYHEEB OF SUECAICHUENTS.. 24 

@ TOTAL TRIBUTARY AREA (ACRES). . . . 8896.80 

IHPERV IOUS AREA (ACRES) . . . . . . . . . 254.72 

FERYIOUS AREA (ACHES). .. . . . . . . . . 8642.08 

SLOPE 
( FT/FT 

HES ISTANCE FACTOR DEPRES. STORAGE ( IN 
IHPERV. PERV. IHPERV. PERV. 

IMF ILTRAT ION DECAY RATE 
RATE( IN/HR) ( l / S E C )  

HAX IHUH HINIHUH 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
5.00 0.10 0.00115 
5.00 0.10 0.00115 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
4.50 0.10 0.00115 
6.00 0.10 0.00115 
7.00 0.10 0.00115 
7.00 0.20 0.00115 
4.50 0.20 0.00115 
6.50 0.20 0.00115 
7.00 0.10 0.00115 
7.00 0.10 0.00115 
7.00 0.20 0.00115 
7.00 0.10 0.00115 
6.50 0.35 0.00115 
7.00 0.20 0.00115 
7.00 0.10 0.00115 
7.00 0.35 0.00115 
6.00 0.35 0.00115 

GAGE 
NO. 

1 TOTAL WIDTH (FEET).  . . . . . . . . . . . . . 106060.00 
PERCENT IHPERVIOUSNESS .... ...... 2.86 



I A i A A ABhAHGEWENT OF SUECATCHHENTS A?% GUTTERS/PIPE A A A ). A 

1 GUTTER TRIBUTARY GVTTERlPIPE 
OR P I P E  

INLET T h  IEUTARY GUTTERS AND/OR P I P E S  

TR IEUTARY SUEAREA 

II HYDROGRAPHS WILL BE STORED FOR THE FOLLOWING 1 INLETS 

TRIEUTARY SUBAREAS 



I . .... QUALITY SIHULATION NOT INCLUDED IN THIS RUN . . . . . 

8 t t t CARP GROUP nl t t t 

I 
TOTAL NUHEE# OF PRINTED GU~TEHS/ I~LETS ... NPRNT.. 
NUHBEE OF TIHE STEPS BETWEEN PRINTINGS.. INTERV.. 
STARTING AND STOPP ING PRINTOUT DATES.. . . . . . . . . . . 

h 
t t t CARD GROUP H2 A t t 

GUTTER INLET PRINT CARDS... . .. 101 102 103 

tiESSAGE FROH SUBROUTINE HY DRO.. . THE PLOTTING INTERVAL FOR SUBROUTINE HCURVE IS.. 1 TIHE STEPS 

E N D  OF T IlE STEP 00-LOOP IN RUNOFF. 

FINAL BATE (HO/DAY/YEAR) = 1/ l /  O 
FINAL JULIAH DATE = 1 
FINAL TIHE OF DAY = 5.0000 HOURS. 
FINAL RUMN IN6 T It!E = 0.1800000Et05 SECONDS. ( TOTAL NUHBER OF TIHE STEPS = 60 



I 
R A I N F A L L  I 

I 

HA INEALL HYETOGHAPH 

T I H E  I N  HOURS 

I N L E T S  1 

I HYETOGWAPH FOR R A I N  GAGE NUHEER 1 



SAMPLE SWMM OUTPUT 

AREA FROM BELL ROAD TO NORTHERN AVENUE 



~ f i f i ~ ~ ~ ~  uij UlJ TTTTTTTTTT 
C ~ C C ~ C  $0 ; ; ! I  T r T ~ i i T i i T T  m n n  ren 

??F..? t! - . R B ntl t . r ~  

B R i l t i n  
55% EBXB H il 

S F:I: H H 
S R r !  R ti 

SSES R El H H 



I 

' l:)."vE"FT?)' OF ELQR ID& L5 .- .:-A* 

WATER XESSUBZES ENGINEERS. IYS. 

YYI*: I: A NEW RELEASE OF THE SWWM. I F  ANY PR0SLE"S 

OCCLlk I?; EUNNIEG T H I S  WZDEL PLEASE CONTACT WAYNE 

HUFEE kT THE UNIVERSITY OF FLOBIDA. 

I S I S K  Oh TAPE ASSIEi.MENT5 FUR ELELKS CALLEL!. THEY ARE IN THE SAHE ORDER IN UHICH THE BLOCKS APE CALLED. 

r S C P A T C ~  3ISb;E OE TkPES WHICH CAN E!E USED BY AKY FLOCK CALLED. 



* .," , 
~ l ; \  ::1F PE!jEIA STfia5 [I:&IH HASTE2 FLAG (E/O ONLY) 

CACTUS AVENUE S T O M  D F A i R  - iO-YEAR S iOBH,  EXISTIHG CONBITIONS 

. I U.S. pj$T??AEY UbliTS FOP E2ST I/@ ; METRIC.. (I 

- ............... :?!PUT NUf!BEE OF TIME S T Z P f  HSTEP 60 

- ..... I fJIFZBA11ON :!ME INTERVAL iHINUTES) DELT.. 5.00 
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A h 
A i? 
A A 

Aki? f. 
9 !-!,lfi - " . " L. ., i? i? - 

- .  i? i i 
I h 
i i f. I 
I A A 1 
A f. i? 
1 f f A A  I 
i f.kk A i 

I A A I 
i A i I 

1.05G - i( A 
I 

- 
i; i 

I i;kk irk A I 
1 i? i? h A I 
1 a f I 
i irk f ;  f I 
i f.Af.ff.t fhi? I 
i iAfAAAf. Ahki;AiAAAfAf i 
I ir A i 
i M k  f k f  kirA I 

,j.c,'j,> ~---------~---------~---------I---------T---------I-~-------I---------I---------I---------I----~----T 
0.0 0.4 0.8 1.2. 1.6 2.0 2.4 2.8 3.2 3.6 4.0 

HYETOGRAPH FOR RAIil GAGE NUMEEH 1 



. ' i i T t  T---------T ----- ----7- -------- I ---------' - ...2. .... -. I--------- i---------i---------1---------1---------- I--------- I 
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I ir A I 
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I . A  1; 1 
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I 
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t: f I 

i f; j, I 
I i: k I 

I - 1; I 
I 
I i. 1: 1 

h i I 
I i t I 

h A I 
I t ir i 

fin;. - 
u ..:....sv 1; t 

I 
- 

i A I 
I A ir I 

ELIgOFF i A A I 
: t A I 

- ,  
< b. 

it! I A +5 i 
1; ir I 

CPS I 1; 9 

I t 1; I 
T A 1; 

1 c.', q:,q - I 
* u v . \ v \  k A 

I 
- 

t i 
I t ir I 
I t i I 
1 f ir 7 

1 t t: I 
I i( f I 
I t A I 
1 t ' A  I 
1 f; 1; I 

a;!;,gnfi - A t 
i 

- 
1; A t  I 

i k Air I 
1 t: t 1 
I h Air I 

$. Ak I 
i A ii A I 
I Akirt I 
1 ir tir1;At I 
I Air A A A t  I 

C,Q:)c t)f+~~+;&-i---------I---------I---------I---------I---------I---------T---------I---------I---------T , ,.,. %...*.%. 

0.0 o.8 1.6 2.4 3.2 4.G 4.8 5.6 6 .4  7.2 8.0 

T I H E  I N  HOURS 

IWLET HYCEOSRAPF INLETS I 

THE HYUhOGhAPH IS THE SUH DF THE FLOW IN ALL INLETS 



INFILTBAT ISN VEESUS T I K E  INLETS 1 

THE INFILTSATIGN PLOT IS T% ACTUAL INFILThATION CVER THE PERVIOUS AREA OHLY 



INCHES OVER 
CUEIC FEET TOTAL BASIN 

T .Ih' , L O L ~ ~ L  i N F I i T R A l  ION 

TOTAL EVAPOBATfD!; I 

TOiAL GUTTEP/PI?E~SUFCAT FLOW AT IdLETS 

t ICTAL VATEE LEhAINING IN G U I I E W P I P E S  

TOTAL UATEF EEHAINING I?! SCPFACE STOEAEE 

I IHFILTRAT ION + EVAPORATION + 
SNCz EfECVA; t INLET FLQU + 
WATER F.tEhAIN!h'C GST:ER/P!PES t 
GATER EEEAI'H!b!E 111 %?FACE STE#AGE t 

WATEE PEHAINI?.!S SYDW WVEP.. . . . . . . . 

n THE ER23E IN COHTINUiTY I S  CALCULkTED AS 

ikk iA~Akik ik ikk ik fcAi* i i f iAkkAA~AAkkfkAk  
k PRECIPITATICki t INITIAL SNOW CO!jEB A 

- INFILTNATIDG - k 
kEV$?QZATIOfj - Sb!OM REZ@{!A!, - 1' " A $ISLET FLDLJ - WATER IN GUTTER/PIPES - A 
+,MATEN 12 SUFFACE STORAGE - 

i 
f 

$WATEf! PEtiAIf4IflG It! SNOW COVER A 
k 

FEECIPITCT!?N t INITIAL SNCu CO:JER 
k k k i i k k i h A k i k i k i k A f  AAkkikkA A i k k k h  A i h k i A  

-0.233 PERCENT 



EATS 
EO,'DFi.!Y? 

I?' ;/ 0 
1; 1; 0 
I!' 1; 0 
? )  A I 1; $ 

1; i! 9 
1; i i A ,  9 

lj 5 
1; 1: 1 
? :  :/ g 
I,  

I?' 1; 0 
l /  I!' 
l!' I! 9 
1,' i,' < 
I /  l?' 0 
I! I! 6 
i! 1: 9 
1; 1; 5 
l! 1,' 0 
ii l.! Q 

l!' l i  0 
1; 1,' $ 
I,/ 1; 0 
l! I?' Q 
1,' 1? 0 
i i  l!' 0 
l! 1; 0 
1,' 1,' 0 
1; 1; 0 
li I!' Q 
1: :; (! 
:!' 1.i 
l /  1,' ;; 

1; 1,' 6 
I!' I /  9 
1; 1; 0 
:; l!' 0 
1,' 1,' C 
1; ? /  9 

A i 
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