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1 .O Introduction 
This report presents the results of a hydrologic analysis of the Morgan 
City Wash watershed in northern Maricopa County, Arizona. The 
hydrologic analysis is part of a floodplain delineation study of Morgan 
City Wash being conducted by Baker Engineers for the Flood Control 
District of Maricopa County. The reach of Morgan City Wash being 
evaluated is from the confluence with the Agua Fria River upstream to 
the Maricopa County boundary (See Figure 1). 

1 .I Purpose of the Study 
A hydrologic and hydraufic analysis of the Morgan City Wash watershed 
is being completed to determine 100-year peak discharges and 
associated floodplain and floodway limits. Water-surface profiles will 
be computed for Morgan City Wash to established base flood 
elevations. This information will be combined into a floodway and 
floodplain map which will be submitted by the Flood Control District to 
the Federal Emergency Management Agency (FEMA) for approval. 
Upon approval by FEMA, the maps will be used in establishing flood 
insurance rates and flood plain management requirements. 

1.2 Authority for Study 
This study was authorized by a contract for floodplain delineation 
services (FCD 89-1 5) with the Flood Control District of Maricopa County 
dated June 5,1989. 

1.3 Watershed Description 
The Morgan City Wash watershed is comprised of approximately 23.0 
square miles of land within the unincorporated area of northern 
Maricopa County and southern Yavapai County. Morgan City Wash is a 
tributary of the Agua Fria River, and i ts  watershed lies with the 
Heiroglyphic Mountains. Direction of flow is generally east-southeast. 
The Heiroglyphic Mountains are a complex series of low hills and ridges, 
generally between 1500 and 3500 feet in elevation. The watershed is 
very highly eroded rock outcrop. Soils are typically well-drained but 
very shallow. Because of steep slopes throughout the watershed, the 
drainage is comprised of an intricate pattern of deep washes and sharp 



divides. The main stem of Morgan City Wash and i ts  major tributaries 
are steep with one to five percent longitudinal slopes. These streams 
flow on gravel beds and have near-vertical banks in many reaches. 
Upland slopes exceeding 80% near the sharp divides are common in the 
west half of the watershed. The uplands tend to be slightly less steep 
and the divides are slightly more rounded in the east half of the 

watershed. 

Vegetation is desert brush of light to moderate density. Stream 
channels contain moderate to very dense riparian vegetation in some 
reaches, although the well-defined gravel low-flow channel exists 
throughout almost all of Morgan City Wash. 

Human habitation is extremely sparse. Scattered mining efforts 
represent the only significant permanent activity. There are no 
residential subdivisions present, although some development may 
result from enlargement of Lake Pleasant and the associated 
recreational improvements. The only drainage structures within the 
watershed are multi-barrel concrete box culvert crossings of the wash 
for the old and new access roads to Lake Pleasant (See Figure 2). 

1.4 Previous Studies 
A review of existing data for the Morgan City Wash watershed found 
no detailed hydrologic studies. The Morgan city wash area is mapped 
as Zone 8 on the effective Flood Insurance Rate Map (FIRM) for 
Maricopa County [I]. 





2.0 Engineering Methodology 
The HEC-1 computer program of the U.S. Army Corps of Engineers [2] 
was used in the hydrologic analysis of the Morgan C i t y  Wash 
watershed. The program produces an incremental time-based record 
of storm runoff from a watershed. The watershed is modeled as a series 
of sub-basins connected by the watershed stream system. Hydrographs 
are computed for precipitation runoff from the sub-basins, as additions 
of several hydrographs at stream junctions and as hydrographs routed 
along stream reaches or through reservoirs. Sub-basins are selected of 
nearly-equal size (time of concentration) in order that the single value 
of time-interval chosen for computations produces accurate results 
with a reasonable amount of output. The Watershed Boundary Map 
(Figure 2) shows the sub-basins used for the Morgan City Wash 
hydrology. 

The HEC-1 option utilizing the Soil Conservation Service (SCS) 
dimensionless hydrograph in combination with initial and uniform loss 
rate methodology was selected for computing sub-basin runoff. The 
Muskingum routing option was used for routing of flood hydrographs 
downstream through the various channel reaches of the watershed. 
The development of the various input parameters for the HEC-1 
watershed model is presented in the following paragraphs. 

2.1 Rainfall 
Floodplains in Maricopa County are delineated for a peak 100-year 
flow. Runoff is simulated for storm durations of 2,6 and 24 hours. The 
maximum peak flow from among the three storms is  used for 
floodplain delineation of a stream segment. The source of 
precipitation depths is NOAA Atlas 2 [3]. The storm total precipitation 
values for this study are given in Table 1. 



The SCS 100-year Type I I  Rainfall Distributions included in Appendix D 
were used to define temporal distribution for the three precipitation 
events (see Figure 3). Cumulative point precipitation at 15 minute 
intervals is presented in Table 2. Because of the input requirements of 
the 'JD' option, discussed below, the precipitation distribution was 
input as the cumulative percent of storm total precipitation for the 2,6, 
and 24 hour events (see Appendix D). 

TABLE 1 
Morgan City Wash 

100-Year Storm Total Point Precipitation 

The Morgan City Wash watershed area of approximately 23 square 
miles exceeds the maximum watershed area, 10 square miles, for which 
point precipitation may be considered average precipitation for the 
entire watershed under Flood Control District criteria. Areal reduction 
of precipitation was applied to the 2,6, and 24 hour 100-year storms in 
accordance with the National Weather Service's HYDRO-40 [4]. The 
HEC-1 "JD" option was used t o  perform the areal reduction 
automatically. The "JD" option accounts for accumulated drainage 
area for each sub-basin and combination hydrograph computation and 
adjusts the hydrograph flows to compensate for areal reduction of 
precipitation. The input requirement is a minimum of five data pairs 
defining the relationship between average basin-wide precipitation 
and basin area. The areal reduction values also depend on storm 
duration, so each of the three storms in the study has separate "JD" 
input data pairs. The areal reduction values are given in Table 3. 

Duration (hours) 

2 

6 

24 

Development of precipitation input data for the HEC-1 hydrology 
model is presented in Appendix E. 

Precipitation (inches) 

2.76 

3.40 

4.50 





TABLE - 2 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - FLOOD PLAIN DELINATION STUDY 

MORGAN CITY WASH BAKER ENGINEERS PROJECT NUMBER 16923-HPH 
100-YEAR POINT RAINFALL: 2 HR., 6 HR., & 24 HR. 

SCS TYPE 1 1  PRECIPITATION DISTRIBUTION 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

STORM-PRECIPITATION 
STORM TIME 2 HR. 6 HR. 24 HR. STORM TIME 24 HR. 

(hrs.) ( in.) (in.) (in.) (cont.) (cont. 1 
0.00 0.00 0.00 0.00 12.25 3.18 
0.25 0.11 0.04 0.01 12.50 3.31 
0.50 0.24 0.08 0.02 12.75 3.41 
0.75 0.77 0.12 0.04 13.00 3.49 
1.00 2.18 0.16 0.05 13.25 3.56 
1.25 2.41 0.21 0.06 13.50 3.62 
1.50 2.55 0.27 0.08 13.75 3.67 
1.75 2.67 0.34 0.09 14.00 3.71 
2.00 2.76 0.43 0.10 14.25 3.75 
2.25 0.53 0.12 14.50 3.79 
2.50 0.65 0.13 14.75 3.82 
2.75 1 .I5 0.14 15.00 3.85 
3.00 2.48 0.16 15.25 3.88 
3.25 2.69 0.17 15.50 3.91 
3.50 2.82 0.18 15.75 3.94 
3.75 2.93 0.20 16.00 3.96 
4.00 3.02 0.22 16.25 3.99 
4.25 3.09 0.23 16.50 4.02 
4.50 3.15 0.25 16.75 4.04 
4.75 3.20 0.27 17.00 4.06 
5.00 3.25 0.29 17.25 4.09 
5.25 3.30 0.31 17.50 4.11 
5.50 3.33 0.32 17.75 4.13 
5.75 3.37 0.34 18.00 4.15 
6.00 3.40 0.36 18.25 4.17 
6.25 0.38 18.50 4.19 
6.50 0.40 18.75 4.20 
6.75 0.43 19.00 4.22 
7.00 0.45 19.25 4.24 
7.25 0.47 19.50 4.26 
7.50 0.50 19.75 4.27 
7.75 0.52 20.00 4.29 
8.00 0.54 20.25 4.30 
8.25 0.57 20.50 4.32 
8.50 0.60 20.75 4.33 
8.75 0.63 21 .OO 4.34 
9.00 0.66 21.25 4.36 
9.25 0.70 21 -50 4.37 
9.50 0.73 21.75 4.38 
9.75 0.77 22.00 4.40 
11.00 0.81 22.25 4.41 
10.25 0.86 22.50 4.42 
10.50 0.91 22.75 4.44 
10.75 0.98 23.00 4.45 
11.00 1.06 23.25 4.46 
11.25 1.16 23.50 4.48 
11.50 1.27 23.75 4.49 
11.75 1.74 24.00 4.50 
12.00 2.98 



TABLE 3 
Areal Reduction of Precipitation 

for Morgan City Wash 100-Year Storms 
2 HOUR EVENT 

(Ploo = 2.76 inches) 

Area Areal Reduction Total Storm 
(Miles 2) Factor Precipitation (inches) 

6 HOUR EVENT 
(Ptoo = 3.40 inches) 

Area Areal Reduction Total Storm 
(Miles 2) Factor Precipitation (inches) 

24 HOUR EVENT 
(Ptoo = 4.50 inches) 

Area Areal Reduction Total Storm 
(Miles 2) Factor Precipitation (inches) 



Soil Losses 
The SCS Aguila - Carefree Soil Survey [5] was used to determine soil 
characteristics and infiltration properties within the Morgan City Wash 
watershed. The watershed boundary and sub-basin locations were 
plotted on the soils maps, and the area of each soil group within the 
sub-basins was determined, (see Figure 4). 

Soils were classified by their texture using data from the Aguila - 
Carefree Soil Survey 151 and loss rate correlations provided by the Flood 
Control District contained in Appendix D. The Initial and Uniform Loss 
Rate option of the HEC-1 computer program was selected to determine 
rainfall excess. Values of initial losses, uniform loss rates and percent 
impervious were computed for each sub-basin using the soil texture 
classifications and ground cover. Table 4 lists the soils groups found 
within the Morgan City Wash watershed and percentages of each soil 
group within each sub-basin. Initial and uniform loss rate parameter 
values for each sub-basin are listed in Table 5. Loss rate and impervious 
area calculations are presented in Appendix F. 



SCS Group 
Number 

TABLE 4 
Morgan City Wash Watershed 

Soil Groups 

SCS Group Name Area Percent of 
(acres) Su b-Basin 

Sub Basin M-1 

Cellar-Rock Outcrop 

3 1 Dixaleta-Rock 
Outcrop Complex 

7 2 Lehmans - Rock 
Outcrop Complex 90 7.0 

Sub Basin M-2 

8 Arizo Cobbly Sandy Loam 

16 Cellar-Rock Outcrop 

3 1 Dixaleta-Rock 
Outcrop Complex 

7 2 Lehmans - Rock 
Outcrop Complex 

104 Rock Outcrop - 
Lehmans Complex 

Sub Basin M-3 

3 1 Dixaleta-Rock 
Outcrop Complex 

Sub Basin M-4 

8 Arizo Cobbly Sandy Loam 7 0.4 

3 1 Dixaleta-Rock 
Outcrop Complex 



SCS Group 
Number 

TABLE 4 (Cont'd) 
Morgan City Wash Watershed 

Soil Groups 

SCS Group Name Area Percent of 
(acres) Sub-Basin 

Sub Basin M-5 

8 Arizo Cobbly Sandy Loam 59 5.3 

3 1 Dixaleta-Rock 
Outcrop Complex 

41 Eba-Pinaleno Complex 22 2.0 

104 Rock Outcrop- 
Lehmans Complex 9 5 8.5 

11 12 100.0 

Sub Basin M-6 

8 Arizo Cobbly Sandy Loam 

3 1 Dixaleta-Rock 
Outcrop Complex 

3 3 Eba Very Gravelly Loam 

4 1 Eba-Pinaleno Complex 

7 2 Lehmans - Rock 
Outcrop Complex 

95 Ohoco Gravelly Loams 

104 Rock Outcrop- 
Lehmans Complex 

Sub Basin M-7 

3 1 Dixaleta-Rock 
Outcrop Complex 

7 2 Lehmans Rock 
Outcrop Complex 



SCS Group 
Number 

TABLE 4 (Cont'd) 
Morgan City Wash Watershed 

Soil Groups 

SCS Group Name 
Area Percent of 
(acres) Su b-Basin 

Sub Basin M-8 

8 Arizo Cobbly Sandy Loam 15 1.0 

3 1 Dixaleta-Rock 
Outcrop Complex 

7 2 Lehmans - Rock 
Outcrop Complex 

104 Rock Outcrop- 
Lehmans Complex 

109 Schenco - Rock 
Outcrop Complex 5 50 36.0 

Sub Basin M-9 

10 Brios-Carrizo Complex 

48 Ebon-Pinamt Complex 

5 1 Gachado-Lomitas Complex 

5 2 Gachado - Lomitas - Rock 
Outcrop Complex 

68 Gunsight - Cipriano Complex 

70 Gunsight - Rillito Complex 

103 Rock Outcrop - 
Gachado Complex 

104 Rock Outcrop - 
Lehmans Complex 

108 Schenco Rock 
Outcrop Complex 

109 Schenco Rock 
Outcrop Complex 



SCS Group 
Number 

TABLE 4 (Cont'd) 
Morgan City Wash Watershed 

Soil Groups 

SCS Group Name Area Percent of 
(acres) Su b-Basin 

Sub Basin M-10 

10 Brios-Carrizo Complex 9 0.9 

2 1 Cipriano - Very Gravelly 3 2 3.3 
Loam 

3 1 Dixaleta-Rock 30 3.1 
Outcrop Complex 

48 Ebon-Pinamt Complex 12 1.3 

5 1 Gachado-Lomitas 
Complex 

5 2 Gachado - Lomitas 25 2.6 
Complex 

7 2 Lehmans - Rock 
Outcrop Complex 

104 Rock Outcrop- 
Lehmans Complex 651 67.7 

Sub Basin M-11 

10 Brios-Carrizo Complex 3 3 5.3 

5 1 Gachado-Lomitas 3 14 50.7 
Complex 

5 2 Gachado - Lomitas 
Complex 

93 Nickel-Cave Complex 11 1.8 

104 Rock Outcrop - 
Lehmans Complex 203 32.7 



SCS Group 
Number 

TABLE 4 (Cont'd) 
Morgan City Wash Watershed 

Soil Groups 

SCS Group Name 
Area Percent of 
(acres) Su b-Basin 

Sub Basin M-12 

5 1 Gachado-Lomitas 52 6.3 
Complex 

52 Gachado - Lomitas 
Complex 

66 Greyeagle - Sun City 29 
Variant Complex 

7 2 Lehmans - Rock 20 1 24.3 
Outcrop Complex 

9 3 Nickel-Cave Complex 6 5 7.9 

95 Ohaco Gravelly Loam 9 1 11.0 

103 Rock Outcrop- 
Gachado Complex 

104 Rock Outcrop- 
Lehmans Complex 358 43 -4 

826 100.0 

Sub Basin M-13 

10 Brios-Carrizo Complex 77 6.6 

5 1 Gachado-Lomitas 913 78.6 
Complex 

5 2 Gachado - Lomitas 170 14.7 
Complex 

103 Rock Outcrop - 
Gachado Complex 1 0.1 



Su b-basin Lag Time Determinations 
For the dimensionless unit hydrograph option HEC-1 requires the input 
of the lag time for each sub-basin. Lag time for each sub-basin was 

computed using the length, slope and roughness of the longest 
watercourse within the sub-basin. Procedures used were adapted from 
Chapter 3 of SCSfs TR-55 161. A copy of the chapter is included in 
Appendix G to provide detailed theory. The adaptations used for this 

study were as follows: 

Sheet Flow - The upstream reach of each water course was designated 
Range (natural), Manning's n = 0.1 3. The TR-55 procedure was 
followed. 

Shallow Concentrated Flow - TR-55 contains a graphical method to 
solve for velocity of shallow concentrated flow in the urban setting. 
The method was adapted for variable Manning's "n" values found in 
the high desert. Appendix G contains a series of graphs solving 
Manning's equation for "n" factorsfrom 0.050 to 0.100. 

The two designations CS-1 and CS-2 were used for shallow 
concentrated flow reaches representing average estimated depth of 
flow of 3" and 6"' respectively. In each case the engineer considered 
the topography of the drainage area along the stream, topographic 
evidence of the stream cross-section shape and engineering judgment 
to estimate the upstream and downstream limits of CS-1 andlor CS-2 
reaches. The wide rectangular channel approximation, "hydraulic 
radius equals depth", and Manning's equation graphs were used to 
determine velocity based on values of Manning's "n", depth and 
stream slope. 

Channel Flow - Channel velocities were calculated for one of two 
channel reaches designated CH-1 or CH-2 using a computer program for 
Manning's equation assuming a redangular channel. Preliminary HEC- 
1 runs for Morgan City Wash were used to estimate average reach 
flows, or to estimate "per square mile" flows for sub-areas draining to a 



reach. Once updated HEC-1 runs were completed, the approximations 
were reviewed to be sure that no "order of magnitude" errors had 

been introduced. 

Manninq's "n" - The most subjective variable in computing lag times 
has always been the "n" factor. These values were estimated based on 
engineering judgment, experience, field review and two reports 
previously submitted for this study: Summary of Field Inspection, Cline 
Creek and Rodger Creek; Summary of Field Inspection, Morgan City 
Wash. These reports were used to estimate composite values of "nu for 
channel velocities. Shallow concentrated flow roughness values were 
estimated using topographic mapping and aerial photography where 
coverage was available. 

Unit hydrograph parameters for the Morgan City Wash sub-basins are 
listed in Table 5. Computations of sub-basins lag time are presented in 
Appendix G. 



SU b- 
Basin 

TABLE 5 
Morgan City Wash 

Sub-basin Hydrologic Parameters 

Uniform Loss Initial Loss Percent LagTime 
Area Rate CNSTL 

(mi'es 2, (in ./hr.) STRTL Impervious (Hours) (inches) 



2.4 Streamflow Routing 
Hydrographs from upper watershed sub-basins were routed through 
the watershed stream system using the Muskingum Routing option of 
HEC-1. Muskingum routing is a stream storage method which calculates 
reach outflow based on inflow and a previous value of outflow. A 

stream reach is divided into a number sub-reaches calculated to avoid 
negative routing coefficients, which are internally generated. Input 
parameters are: travel time through a channel reach, (AMSKK); a 
weighting factor to account for the relative effect of inflow and 
outflow on stream storage, (X); and the number of sub-reaches, 
(NSTPS). 

The travel time (AMSKK) determination followed the same TR55 
procedures (61 as were used to determine sub-basin lag times. The 
value of the Muskingum "Xu has a theoretical mathematical range of 
0.0 to 0.5. For the relatively steep channel reaches of Morgan City 

Wash, a value of X = 0.3 was estimated to give significant weight to 
reach inflows in determining stream storage. This reflects a judgment 
that: 1. backwater curves probably do not extend very far upstream 
and 2. rapid changes in flow can cause significant wedge storage to 
exist in a reach. Muskingum channel routing parameters are listed in 
Table 6. Travel time calculations are included in Appendix G following 
sub-basin lag time calculations. Calculations to determine the number 
of sub-reaches are presented in Appendix H. 

TABLE 6 
Morgan City Wash Watershed 

Muskingum Channel Routing Parameters 

Routing 
Reach NSTPS* AMSKK 

(hours) 

RO-6 6 0.53 0.3 
* NSTPS based on computation interval of 6 minutes. 



2.5 HEC-1 Model Sequence 
Since the purpose of the hydrology study for Morgan City Wash is 
determination of 100-year flood flows for delineation of the wash, the 
calculation sequence was selected to produce representative flows on a 
reach-by-reach basis. A schematic of the watershed model is shown in 
Figure 5. 

The sequence i s  a fairly straight-forward series of hydrograph 
combinations and routings. The reach of Morgan City Wash between 
hydrograph combination points CO-6 and CO-7 is approximately f mile 
in length, which is too long to ignore and too short to perform 

Muskingum routing with the 6 minute computation interval. To 
account for the travel time, the reach is  included in the downstream 
routing reach RO-4. 



3.0 Summary and Conclusions 

3.1 Summary 
Using the HEC-1 SCS dimensionless hydrograph option, hydrology was 
simulated for the 2, 6 and 24 hour storms on the Morgan City Wash 
watershed. Hydrographs were computed for the 13 sub-basins that 
comprise the watershed, for 12 tributary combination points and for 6 

stream flow routing reaches which make up the Morgan City Wash 
mainstream between the Agua Fria River and the Maricopa-Yavapai 

County line. 

The computation interval of 6 minutes was chosen as the smallest 
interval which could accommodate the 28.5 hour hydrograph resulting 
from a 24 hour storm. The 6 minute interval was used for 2 and 6 hour 
storm hydrographs to maintain consistency for comparing all three 
storm durations. Areal reduction of precipitation was applied because 
of the 23 square mile watershed area. 

Watershed conditions were modeled which reflect the complete lack of 
development in the watershed. Precipitation losses were simulated by 
initial and uniform loss rates and percent impervious areas. Likewise, 
routing parameters were computed based on existing conditions, a 
naturally occurring combination of gravel-bed channel and desert 
riparian overbanks. 

3.2 Results of the HEC-1 Model 
Peak discharges for the 2, 6 and 24 hour 100 year events are listed in 
Table 7. Flows are tabulated for the 13 sub-basins and 12 combination 
points shown in the schematic (Figure 5). Copies of the HEC-1 output 
for the 2,6 and 24 hour events are presented in Appendices A, B and C, 

respectively. 



TABLE 7 
Morgan City Wash Watershed 100-Year Runoff Summary 

Location 

Sub-basin M-1 

Sub-basin M-2 

Combination Point CO-1 

Su b-basin M-3 

Combination Point CO-2 

Sub-basin M-5 

Combination Point CO-3 

Sub-basin M-4 

Combination Point CO-4 

Su b-basin M-6 

Combination Point CO-5 

Sub-basin M-7 

Combination Point CO-6 

Su b-basin M-8 

Combination Point CO-7 

Su b-basin M-9 

Combination Point CO-8 

Su b-basin M-10 

Combination Point CO-9 

Sub-basin M-11 

Peak Discharge (ds) 
Event 

2 Hour 6 Hour 24 Hour 

2256 2766 3173 

1675 1950 2201 

Combination Point CO-10 889 1 11014 14099 

Su b-basin M-12 1009 1146 1250 

Combination Point CO-11 90 10 11 196 1 444 1 

Sub-basin M-13 894 1151 1345 

Combination Point CO-12 8769 10892 14168 
(Discharge to Agua Fria River) 



3.3 Conclusions 
By comparison of peak flows for the 2,6 and 24 hour events (Table 7), it 
is seen that the 24 hour event produces the maximum peak runoff from 
each sub-basin and at each combination point in the watershed. 

Two factors favor maximum peak runoff from the 24 hour storm on 
Morgan City Wash. The first is an average initial loss of nearly 0.9 inch 
for the watershed. In the 24 hour storm early precipitation can 
completely satisfy the initial loss prior to the most intense precipitation, 
which results in a high percentage of runoff during the heaviest 
rainfall. 

The second factor is that the peak 15 minute rainfall intensity for the 
SCS Type 11 24 hour storm is only slightly less than the 15 minute peak 
intensities of the 2 and 6 hour storm distributions. Comparison of the 
graphs of the three precipitation distributions (Figure 3) shows the 
similarity of peak intensity. Since the 24 hour storm simulation 
produced the largest peaks throughout the watershed, all of the 
floodplain delineation flows were selected from the 24 hour flow 
values. 

Because of the long narrow watershed, mainstream peak flows remain 
nearly constant downstream from combination point CO-7. As sub- 
basin hydrographs are added and combined flows are routed, some 
slight fluctuation occurs, i.e. peaks decrease from CO-7 to CO-8, from 
CO-9 to CO-10 and from CO-11 to CO-12. The delineation flows 
selected for the various reaches were chosen such that flows do not 
decrease from an upstream location to a downstream location. 



3.4 100-Year Floodplain Delineation Flows 
The flows used to delineate the 100-year floodplain of the various 
reaches Morgan City Wash are presented in Table 8. 

TABLE 8 
Morgan City Wash 

100-Year Floodplain Delineation Discharges 

Reach Discharge 
(Cfs) 

Agua Fria to SUBMl2 14,400 
River Confluence 

SUBMl2 to SUBM10 14,200 
Confluence Confluence 

SUBM10 to SUBM8 1 3,900 
Confluence Confluence 

SUBM8 to SUBM7 12,300 
Confluence Confluence 

SUBM7 to SUBM4 1 2,000 
Confluence Confluence 

SUBM4 to SUBM3 8,130 
Confluence Confluence 

SUBM3 to SUBMl* 4,820 
Confluence Confluence 

*Upstream Limit of Study, Maricopa County Line 
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APPENDIX A 

MORGAN CITY WASH 

100-YEAR 2 HOUR STORM 



HEC-1 INPUT PAGE 1 

LINE 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

FILE: MC-02 

HYDROLOGY FOR: 100-YEAR 2 HOUR EVENT 

PURPOSE OF STUDY: DELINEATION OF THE 100-YEAR FLOODPLAIN OF 
MORGAN CITY UASH, AGUA FRlA RIVER TO THE 
MARICOPA CWNTY BOUNDARY 

METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
PRECIPITATION- SCS TYPE I 1  STORM BY 1 5  MIN. INCREMENTS 

-AREAL REDUCTION BY "JD* DEPTH-AREA OPTION 
EXCESS PRECIPITATION- I N I T I A L  AND WIFORM LOSS RATES 

8 PERCENT IMPERVIOUS 
STREAM RWTING- M U S K I N W  METHOD 

UATERSHED NAME: MORGAN CITY WASH 

CONTRACT NUMBER: FCD 89-15  

COMPUTED BY: BAKER ENGINEERS DATE : 12/07/09 
COMP: w 12,407 CKD: 

6 OlAUG89 1100 8 0  / 1 - -  W 

KK SUBMl 
KM RUNOFF FROM SUBBASIN M-1 
BA 2.00 
LU .95 .38 20.3 
UD .35 

KK RO-1 
KM ROUTE M-1 THROUGH M-2 
RM 3 .28 .3 

KK SUBH2 
KM RUNOFF FROM SUBBASIN M-2 
BA 1.56 
LU .92 .28 32.6 
UD .46 



HEC-1 INPUT PAGE 2 

LINE 

KK CO-1 
KM COMBINE RUNOFF FROM SUBBASINS M- 1 AND M-2 
HC 2 

KK S U B U  
KM RUNOFF FROM SUBBASIN M-3 
BA 1.89 
LU .95 .40 35.0 
UD .63 

KK CO-2 
KM COMBINE RUNOFF FROM SUBBASINS M-1, 2 AND M-3 
HC 2 

KK RO-2 
KM ROUTE M-1,2,3 THROUGH M-5 
RM 3 .25 .3 

KK SUBM5 
KM RUNOFF FROM SUBBASIN M-5 
BA 1.74 
LU .% .38 34.6 
UO .53 

KK CO-3 
KM COMBINE RUNOFF FROM SUBBASINS M-1, 2, 3 AND M-5 
HC 2 

KK SUBM4 
KM RUNOFF FROM SUBBASIN M-4 
BA 2.67 
LU .% .40 34.9 
UD .61 

KK RO-3 
KM ROUTE M-1,2,3,4,5 THROUGH M-6 
RM 5 .48 .3 

KK S U M  
KM RUNOFF FROM SUBBASIN M-6 
BA 2.61 
LU .93 -32 34.6 
U) .89 

KK CO-5 
KM COMBINE RUNOFF FROM SUBBASINS M-12345 AND M-6 
HC 2 



HEC-1 INPUT PAGE 3 

KK SUBM7 
Kn RUNOFF FROM SUBBASIN M-7  
BA .78 
LU .81 - 2 4  31.3 
UO .56 

KK CO-6 
KM COMBINE RUNOFF FROM SUBBASINS M-123456 AND M-7 
HC 2 

KK SUBM8 
KM RUNOFF FROM SUBBASIN M-8 
BA 2.39 
LU .84 .37 34.4 
UD .80 

KK CO-7 
M COMBINE RUNOFF FROM SUBBASINS M-1234567 AND M-8 
HC 2 

KK RO-4 
Kn ROUTE M-1. .8 THROUGH M-9 
RM 5 .49 .3 

KK SUBM9 
Kn RUNOFF FROM SUBBASIN M-9 
BA 1.76 
LU .87 .55 29.2 
LID .69 

KK CO-8 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU 8 AND M-9 
HC 2 

KK SUBMlO 
Kn RUNOFF FROM SUBBASIN M-10 
BA 1.50 
LU .81 .26 45.0 
UD .80 

KK CO-9 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU 9 AND M-10 
HC 2 

KK RO-5 
Kn ROUTE M-1..10 THROUGH M-11 
RM 1 .11 .3 

KK SUBHI1 
Kn RUNOFF FROM SUBBASIN M-11 
BA .97 
L U  .85 .45 21.5 
UD .51 



HEC-1 INPUT 

- 

PAGE 

CO-10 
COMBINE RUNOFF FROM SUBBASINS M-1 

2 

SUBMl2 
RUNOFF FROM SUBBASIN M-12 

1.29 
.81 .27 35.2 
.80 

co-11 
COMBINE RUNOFF FROM SUBBASINS M-1 

2 

RO-6 
RWTE M-1. .12 THRWGH M-13 

6 .53 .3 

SUBMl3 
RUNOFF FROM SUBBASIN M-13 

1.81 
.87 .53 3.0 
.86 

co- 12 
COMBINE RUNOFF FROM SUBBASINS M-1 

1 
2 

..... 6 ....... 7. 

THRU 1 - 1 0  AND 

THRU 1-11 AND 

THRU M-12 AND 



INPUT 
LINE 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING ( - - ->)  DIVERSION OR PUMP FLOW 

(.) CONNECTOR (<- - - )  RETURN OF DIVERTED OR PUMPED FLOU 

SUBMI 
v 
v 

RO- 1 

co- 1 ............ 



SUBMl 0 

1 1 9  CO-9 ............ 
v 
v 

1 2 2  RO- 5 

1 3 8  CO- 11.. .......... 
v 
v 

1 4 1  RO-6 

m RUNOFF ALSO COMPUTED AT T H I S  LOCATION 



F L O W  HYDROGRAPH PACKAGE HEC-1 ( I B M  XT 5 1 2 K  VERSION) -FEB 1,1985 
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 9 5 6 1 6  

**** 

F L O W  CONTROL D I S T R I C T  OF MARICOPA COUNTY 

FILE:  H C - 0 2  

HYDROLOGY FOR: 100-YEAR 2 H W R  EVENT 

PURPOSE OF STUDY: DELINEATION OF THE 100-YEAR FLOODPLAIN OF 
MORGAN C I T Y  UASH, AGUA F R I A  RIVER TO THE 
M R I C O P A  COUNTY BOUNDARY 

METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
PRECIPITATION- SCS TYPE 1 1  STORM BY 1 5  MIN. INCREMENTS 

-AREAL REDUCTION BY "JD" DEPTH-AREA OPTION 
EXCESS PRECIPITATION-  I N I T I A L  AND UNIFORM LOSS RATES 

8 PERCENT IMPERVIOUS 
STREAM ROUTING- MUSKINGUM METHOD 

UATERSHED NAME: MORGAN C I T Y  WASH 

CONTRACT NUMBER: FCD 8 9 - 1 5  

COMPUTED BY: BAKER ENGINEERS DATE: 12 /07 /89  
COMP : CKD : 

OUTPUT CONTROL VARIABLES 
1 PRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 6 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1AUG89 STARTING DATE 
I T I M E  1100 STARTING TIME 

NQ 80 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1AUG89 ENDING DATE 
NDTIME 1 8 5 4  ENDING TIME 

COMPUTATION INTERVAL . l o  HOURS 
TOTAL TIME BASE 7.90 HOURS 

ENGLISH U N I T S  

2 7  JD INDEX STORM NO. 1 
STRM 2.76 PRECIPITATION DEPTH 
TRDA .O1 TRANSPOSITION DRAINAGE AREA 

2 8  P I  PRECIPITATION PATTERN 
.02 .02 .02 .02  .02 .08 -08 - 1 4  .20  - 2 0  
.03 .03 .03 .02 .02 .02 .02 .02 .01 .01 

2 9  JD INDEX STORM NO. 2 
STRM 2.18 PRECIPITATION DEPTH 
TRDA 10.00 TRANSPOSITION DRAINAGE AREA 

0 P I  PRECIPITATION PATTERN 



30 JD INDEX STORM NO. 3 
STRH 2.01 PRECIPITATION DEPTH 
TRDA 20.00 TRANSPOSITION DRAINAGE AREA 

.' 
PRECIPITATION PATTERN 

.02 .02 .02 .02 .02 .08 .08 .14 .20 .20 
-03 -03 -03 .02 .02 .OZ .02 .02 .01 .O1 

31 JD INDEX STORM NO. 4 
STRM 1.90 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSIT ION DRAl NAGE AREA 

0 P I  PRECIPITATION PATTERN 
.02 .02 .02 .02 -02 .08 .08 -14 .20 -20 
.03 .03 .03 .02 .02 02 .02 .02 .01 .01 

32 JD INDEX STORM NO. 5 
STRM 1.82 PRECIPITATION DEPTH 
TRDA 40.00 TRANSPOSITION DRAINAGE AREA 

t 

0 PI PRECIPITATION PATTERN 
-02 .02 .02 .02 .02 .08 .oa .t4 .20 -20 
.03 .03 .03 .02 .02 .02 .02 .02 .01 .01 

151 KO OUTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

152 HC HYDROGRAPH COMBINATION 
l COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT W-12 
TRANSPOSITION AREA .O SQ M I  

................................................................................................................................... 
* * * 

DA MON HRMN ORD FLOU * DA MON HRMN ORD FLW * DA MON HRMN ORD FLW * DA WN HRMN ORD FLOU 
* 

1AUG1100 1 0. * 1 AUG 1300 21 6640. * 1 AUG 1500 41 5376. * 1 AUG 1700 61 50. 
1AUG1106 2 0. * 1 AUG 1306 22 7451. 1 AUG 1506 42 4400. * 1 AUG 1706 62 38. 
1AUG1112 3 0. * 1AUG1312 23 8184. lAUG1512 43 3574. * 1AUG1712 63 29. 
1AUG1118 4 1 1AUG1318 24 8887. * 1AUG1518 44 2885. * 1AUG1718 64 21. 
1AUG1124 5 1 * 1 AUG 1324 25 9620. * 1 AUG 1524 45 2316. * 1 AUG 1724 65 16. 
1AUG1130 6 3. * 1 AUG 1330 26 10416. * 1 AUG 1530 46 1850. * 1 AUG 1730 66 11. 

AUG 1136 7 6. * 1AUGl336 27 11266. * 1AUG1536 47 1472. * 1AUG1736 67 8. 
14. * lAUG1342 28 12146. * 1AUG1542 48 1167. * 1AUG1742 68 5. 

1AUG1148 9 34. * 1AUGl348 29 13010. * 1AUG1548 49 923. * 1 AUG 1748 69 4. 
1AUG1154 10 88. 1 AUG 1354 30 13782. * 1 AUG 1554 50 729. * 1 AUG 1754 70 2. 
1 AUG 1200 11 199. 1 AUG 1400 31 14363. 1 AUG 1600 51 575. * 1 AUG 1800 71 2. 
1AUG1206 12 372. * lAUG1406 32 14647. lAUG1606 52 453. * 1 AUG 1806 72 1. 



1AUG1212 13 623. 1 AUG 1412 33 14552. 1 AUG 1612 53 357. 1 AUG 1812 73 1. 
1 AUG 1218 14 988. * 1 AUG 1418 34 14043. * 1 AUG 1618 54 281. * 1 AUG 1818 74 0. 
1AUG1224 15 1488. * 1AUG1424 35 13151. * 1AUG1624 55 221. * 1 AUG 1824 75 0. 
1 AUG 1230 16 2131. 1 AUG 1430 36 11961. * 1 AUG 1630 56 173. * 1AUG1830 76 0. 
lAUG1236 17 2916. 1AUG1436 37 10593. 1AUG1636 57 a 136. * 1 ~ ~ ~ 1 8 3 6  77 0. 

AUG1242 18 3819. * 1AUGl442 38 9168. * 1AUG1642 58 107. * 1 AUG 1842 78 0. 
1 AUG 1248 19 4787. * 1 AUG 1448 39 7783. * 1 AUG 1648 59 83. * 1AUG1848 79 0. 
1 AUG 1254 20 5747. * 1 AUG 1454 40 6507. * 1 AUG 1654 60 65. * 1AUG1854 80 0. 

* * * 
................................................................................................................................... 

PEAK FLOU TIME MAXIMLM AVERAGE FLOW 
(CFS) (HR) 6- HR 24-HR 72- HR 7.90-HR 
14647. 3.10 (CFS) 4478. 3402. 3402. 3402. & 

(INCHES) 1.813 1.813 1.813 1.813 
(AC-FT) 2221. 2221. 2221 . 2221. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSITION AREA 10.0 SQ M I  

................................................................................................................................... 
* * 

DA MON HRMN ORD FLOW * DA MON HRMN ORD FLOW DA MON HRMN ORD FLOU * DA MON HRMN ORD F LOU 
* * 

lAUG1100 1 0. * 1 AUG 1300 21 4619. * 1 AUG 1500 41 3718. 1 AUG 1700 61 35. 
1AUGl106 2 0. * 1 AUG 1306 22 5217. * 1 AUG 1506 42 3037. * 1 AUG 1706 62 27. 
1 AUG 1112 3 0. * 1AUG1312 23 5758. * lAUGl512 43 2463. * 1AUG1712 63 20. 
1 AUG 1118 4 a 0. * 1 AUG 1318 24 6269. * 1 AUG 1518 44 1986. * 1 AUG 1718 64 15. 

AUG1124 5 1. * 1 AUG 1324 25 6797. 1 AUG 1524 45 1593. * 1 AUG 1724 65 11. 
1AUG1130 6 2. * 1AUG1330 26 7364- * lAUG1530 46 1273. * 1AUG1730 66 8. 
1AUG1136 7 5. 1 AUG 1336 27 7962. * 1 AUG 1536 47 1014. * 1 AUG 1736 67 5. 
lAUG1142 8 11. * 1AUGl342 28 8573. * lAUG1542 48 805. * 1 AUG 1742 68 4. 
1AUG1148 9 23. * 1 AUG 1348 29 9164. * 1 AUG 1548 49 638. * 1 AUG 1748 69 3. 
lAUG1154 10 54. * 1 AUG 1354 30 9686. * 1 AUG 1554 50 505. * 1 AUG 1754 70 2. 
1 AUG 1200 11 125. * 1 AUG 1400 31 10073. * 1 AUG 1600 51 399. 1 AUG 1800 71 1. 
1AUG1206 12 237. * 1 AUG 1406 32 10256. 1 AUG 1606 52 314. * 1AUGl806 72 1. 
1 AUG 1212 13 400. * 1 AUG 1412 33 10178. * 1 AUG 1612 53 248. * 1AUG1812 73 0. 
1 AUG 1218 14 638. * 1 AUG 1418 34 9813. * 1 AUG 1618 54 195. * 1 AUG 1818 74 0. 
1 AUG 1224 15 973. * 1AUG1424 35 9183. * lAUG1624 55 153. * 1 AUG 1824 75 0. 
lAUGl230 16 1410. * 1AUG1430 36 8346. * lAUG1630 56 121. * 1 AUG 1830 76 0. 
1AUG1236 17 1951. * 1AUG1436 37 7383. * 1AUG1636 57 95. * 1 AUG 1836 77 0. 
1 AUG 1242 18 2583. * 1 AUG 1442 38 6380. * 1 AUG 1642 58 74. * 1 AUG 1842 78 0. 
1 AUG 1248 19 3274. * 1 AUG 1448 39 5406. * 1 AUG 1648 59 58. * 1 AUG 1848 79 0. 
lAUG1256 20 3968. * 1AUG1454 40 4510. * 1AUG1654 60 45. 1 AUG 1854 80 0. 

* * * 
................................................................................................................................... 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 7.90-HR 
10256. 3.10 (CFS) 3124. 2373. 2373. 2373. 

(INCHES) 1.264 1.265 1.265 1.265 
(AC-FT) 1549. 1549. 1549. 1549. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSITIONAREA 20.0SQMI 



DA MON HRMN ORD FLW * DA MON HRMN ORD FLW DA MON HRMN ORD FLW * DA MOW HRMN ORD FLOW 
* * * 

AUG1100 1 0. 1AUG1300 21 4039. 1AUG1500 41 3249. lAUG1700 61 31. 
AUG1106 2 0. lAUG1306 22 4572. * 1AUG1506 42 2656. * lAUG1706 62 23. 
AUG 1112 3 0. * 1 AUG 1312 23 5057. 1 AUG 1512 43 2156. 1 AUG 1712 63 18. 

1AUGl l18 4 0. * 1 AUG 1318 24 5516. * 1 AUG 1518 44 1740. * 1 AUG 1718 64 13. 
lAUG1124 5 1. * 1 AUG 1324 25 5986. * 1 AUG 1524 45 1398. * 1 AUG 1724 65 10. 
lAUG1130 6 2. * 1 AUG 1330 26 6487. * 1 AUG 1530 46 1118. * 1 AUG 1730 66 7. 
1AUG1136 7 5. * 1 AUG 1336 27 7013. * 1 AUG 1536 47 891. 1AUG1736 67 5. 
lAUG1142 8 10. * lAUG1342 28 7544. * lAUG1542 48 708. * 1AUG1742 68 3. 
l A U G l l 4 8  9 21. * 1 AUG 1348 29 8054. * 1 AUG 1548 49 561. 1 AUG 1748 69 2. 
1 AUG 1154 10 48. * 1 AUG 1354 30 8500. * 1 AUG 1554 50 444. * 1 AUG 1754 70 1. 
1AUGl200 11 108. * 1AUGl400 31 8826. lAUG1600 51 351. * 1 AUG 1800 71 1. 
lAUG1206 12 205. 1 AUG 1406 32 8974. 1 A M  1606 52 277. * lAUG1806 72 1. 
1 AUG 1212 13 344. 1 AUG 1412 33 8896. * 1 AUG 1612 53 218. * 1 AUG 1812 73 0. 
1 AUG 1218 14 549. 1 AUG 1418 34 8571. 1 AUG 1618 54 172. * 1 AUG 1818 74 0. 
1AUG1224 15 838. * lAUG1424 35 8017. * 1AUGl624 55 135. * 1AUG1824 75 0. 
1 AUG 1230 16 1217. * 1 WG 1430 36 7284. * 1 AUG 1630 56 106. * 1AUG1830 76 0. 
lAUG1236 17 1688. lAUG1436 37 6444. * 1AUG1636 57 83. * 1 AUG 1836 77 0. 
1 AUG 1242 18 2240. * 1 AUG 1442 38 5569. * 1 AUG 1642 58 65. * 1 AUG 1842 78 0. 
1 AUG 1248 19 2847. * 1 AUG 1448 39 4720. * 1 AUG 1648 59 51, * 1AUGl848 79 0. 
1 AUG 1254 20 3460. * 1 AUG 1454 40 3940. * 1 AUG 1654 60 40. * 1 AUG 1854 80 0. 

* * * 
................................................................................................................................... 

PEAK FLOW TIME MAXIMUM AVERAGE FLW 
(CFS) (HE) 6- HR 24-HR 72-HR 7.90-HR 
8974. 3.10 (CFS) 2735. 2078. 2078. 2078. 

(INCHES) 1.107 1.107 1.107 1.107 
(AC-FT) 1356. 1356. 1356. 1356. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSlTIONAREA 30.0SQM1 

* * * 
DA MON HRMN ORD FLW DA MON HRMN ORD FLW * DAMONHRMN ORD FLW * DA MON HRMN ORD FLW 

* * 
lAUG11OO 1 
lAUG1106 2 
lAUG1112 3 
1AUG1118 4 
lAUG1124 5 
1 AUG 1130 6 
1AUG1136 7 
1AUGl142 8 
1AUG1148 9 
1AUG1154 10 
lAUGl200 11 
1 AUG 1206 12 
1 AUG 1212 13 
1 AUG 1218 14 
1 AUG 1224 15 
1AUG1230 16 .I AUG 1236 17 
1AUG1242 18 
1 AUG 1248 19 
1 AUG 1254 20 

* 1 AUG 1300 21 
* 1 AUG 1306 22 

1 AUG 1312 23 
* 1AUG1318 24 

1 AUG 1324 25 
* 1 AUG 1330 26 
* 1 AUG 1336 27 

1 AUG 1342 28 
* 1 AUG 1348 29 
* 1 AUG 1354 30 
* lAUG1400 31 

1 AUG 1406 32 
* lAUG1412 33 
* 1 AUG 1418 34 
* 1 AUG 1424 35 
* 1 AUG 1430 36 
* 1 AUG 1436 37 
* 1 AUG 1442 38 
* 1 AUG 1448 34 
* 1 AUG 1454 40 
* 

* lAUG1500 41 
1 AUG 1506 42 

* lAUG1512 43 
* 1AUG1518 44 
* 1 AUG 1524 45 
* 1 AUG 1530 46 
* 1 AUG 1536 47 
* 1 AUG 1542 48 

1 AUG 1548 49 
* 1 AUG 1554 50 

1 AUG 1600 51 
* 1 AUG 1606 52 

1AUG1612 53 
* 1 AUG 1618 54 
* 1 AUG 1624 55 
* 1 AUG 1630 56 
* 1 AUG 1636 57 
* 1 AUG 1642 58 
* 1 AUG 1648 59 
* 1 AUC 1654 60 
* 

* 1AUG1700 61 
* 1 AUG 1706 62 

1AUG1712 63 
* 1 AUG 1718 64 
* 1 AUG 1724 65 

1 AUG 1730 66 
* 1AUG1736 67 
* 1AUG1742 68 
* 1 AUG 1748 69 
* lAUGl754 70 

1 AUG 1800 71 
* 1 AUG 1806 72 
* lAUG1812 73 
* 1 AUG 1818 74 
* 1 AUG 1824 75 
* 1 AUG 1830 76 
* 1 ~ ~ ~ 1 8 3 6  n 
* 1 AUG 1842 78 
* 1 AUG 1848 79 
* 1 AUG 1854 80 
* 



PEAK FLOW TIME W I K M  AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 7.90-HR 

3.10 (CFS) 2486. 1889. 1889. 1889. 
(INCHES) 1.006 1.007 1.007 1.007 

(AC-FT) 1233. 1233. 1233. 1233. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSITIW AREA 40.0 SQ HI 

DA MON HRMN ORD FLOW * DA W HRMN ORD FLOW * DA MW HRMN ORD FLOW * DA MOM HRMN ORD FLOW 
* 

lAUG1100 1 0. * 1AUG1300 21 3402. * lAUG1500 41 2740. * 1AUG1700 61 26. 
lAUG1106 2 0. * 1AUG1306 22 3864. * 1AUG1506 42 2243. * lAUG1706 62 20. 
1 AUG 1112 3 0. * lAUG1312 23 4286. * lAUG1512 43 1824. * lAUG1712 63 15. 
1 AUG 1118 4 0. 1 AUG 1318 24 4685. * 1 AUG 1518 44 1475. * 1 AUG 1718 64 11. 
1AUG1124 5 1 1AUG1324 25 5089. * lAUG1524 45 1186. * lAUGl724 65 8. 
1 AUG 1130 6 2. * 1 AUG 1330 26 5517. * 1 AUG 1530 46 950. * lAUG1730 66 6. 
1AUG1136 7 4. * 1 AUG 1336 27 5960. * 1 AUG 1536 47 758. * 1 AUG 1736 67 4. 
lAUG1142 8 9. 1AUG1342 28 6402. * 1AUG1542 48 603. * 1 AUG 1742 68 3. 
lAUG1148 9 19. * lAUGl348 29 6823. * 1AUG1548 49 478. * 1 AUG 1748 69 2. 
lAUG1154 10 41. * lAUGl354 30 7185. 1AUG1554 50 379. * 1 AUG 1754 70 1. 
1AUG1200 11 90. 1 AUG 1400 31 7446. * 1 AUG 1600 51 299. 1 AUG 1800 71 1. 
lAUG1206 12 169. * 1 AUG 1406 32 7557. * 1 AUG 1606 52 236. * 1 AUG 1806 72 1. 
1 AUG 1212 13 .I 283. * 1 AUG 1412 33 7481. 1 AUG 1612 53 186. * 1 AUG 1812 73 0. 

AUG 1218 14 451. * 1 AUG 1418 34 7201. * 1 AUG 1618 54 147. * 1 AUG 1818 74 0. 
1 AUG 1224 15 690. * 1 AUG 1424 35 6732. * 1 AUG 1624 55 116. * 1AUG1824 75 0. 
1AUG1230 16 1006. * lAUG1430 36 6116. * 1AUG1630 56 91. * lAUG1830 76 0. 
1 AUG 1236 17 1401. * 1 AUG 1436 37 5412. * 1 AUG 1636 57 71. * 1 ~ ~ ~ 1 8 3 6  77 0. 
1 AUG 1242 18 1867. * 1 AUG 1442 38 4680. * 1 AUG 1642 58 56. 1AUG1842 78 0. 
1 AUG 1248 19 2380. * 1 AUG 1448 39 3970. 1 AUG 1648 59 44. * 1AUG1848 79 0. 
1 AUG 1254 20 2905. * 1 AUG 1454 40 3317. * 1 AUG 1654 60 34. * 1 AUG 1854 80 0. 

* * * 
.................................................................................................................................. 

PEAK FLOW TIME M A X I M  AVERAGE FLOW 
(CFS) (HR) 6- HR 24-HR 72- HR 7.90-HR 
7557. 3.10 (CFS) 2307. 1753. 1753. 1 753. 

(INCHES) .934 .934 .934 .934 
(AC-FT) 1144. 1144. 1144. 1144. 

CUMULATIVE AREA 8 22.97 SP M I  

INTERPOLATED HYDROGRAPH AT CO-12 

.................................................................................................................................. 
* * * 

DA MON HRMN ORD FLOW * DA W HRMN ORD FLOW * DA MW HRMN ORD FLOW * DA MON HRMN ORD F LOW 
* * 

lAUG1100 1 0. * 1 AUG 1300 21 3947. 1 AUG 1500 41 3175. * 1 AUG 1700 61 30. 
lAUGl106 2 0. * lAUG1306 22 4470. * lAUG1506 42 2596. * 1AUG1706 62 23. 
1 AUG 1112 3 0. * 1 AUG 1312 23 4946. * 1 AUG 1512 43 2107. * 1 AUG 1712 63 17. 
1AUG1118 4 0. * 1 AUG 1318 24 53%. * 1 AUC 1518 44 1701. * 1 AUG 1718 64 13. 
1AUG1124 5 1. * lAUG1324 25 5856. * lAUG1524 45 1367. * 1AUG1724 65 9. 
1AUG1130 6 2. * 1 AUG 1330 26 6347. * 1 AUG 1530 46 1093. * 1 AUG 1730 66 7. 



1 AUG 1136 1 1 AUG 1142 
1 AUG 1148 
1 AUG 1154 

AUG 1206 
AUG 1212 

1 AUG 1218 
1 AUG 1224 
1 AUG 1230 
1 AUG 1236 
1 AUG 1242 
1 AUG 1248 
1 AUG 1254 

1 AUG 1336 27 
* 1 AUG 1342 28 
* 1 AUG 1348 29 

1 AUG 1354 30 
1 AUG 1400 31 

* 1 AUG 1406 32 
1AUG1412 33 

* 1AUG1418 34 
* 1 AUG 1424 35 
* 1 AUG 1430 36 

1 AUG 1436 37 
1 AUG 1442 38 
1 AUG 1448 39 
1 AUG 1454 40 

* 

* 1 AUG 1536 
1 AUG 1542 
lAUGlS48 

* 1AUG 15% 
* lAUGl600 

lAUGl606 
* 1 AUG 1612 
* 1 AUG 1618 
* 1 AUG 1624 
* 1 AUG 1630 

1 AUG 1636 
* 1 AUG 1642 
* 1AUGl648 
* 1 AUG 1654 
* 

47 872. * 1AUG1736 
48 693. * l.AUG1742 
49 549. * 1 AUG 1748 
50 434. * 1 AUG 1754 
51 343. * 1 AUG 1800 
52 271. 1 AUG 1806 
53 214. * 1 AUG 1812 
54 168. * 1 AUG 1818 
55 132. 1 AUG 1824 
56 104. lAUG1830 
57 82. * 1 AUG 1836 
58 64. * 1AUG1842 
59 50. 1 AUG 1848 
60 39. * 1 AUG 1854 

* 

PEAK FLW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 7.90-HR 
8769. 3.10 (CFS) 2673. 2030. 2030. 2030. 

(INCHES) 1.082 1.082 1.082 1.082 
(AC-FT) 1326. 1326. 1326. 1326. 

CUMULATIVE AREA = 22.97 SQ H I  



RUNOFF SUMMARY 
F L W  I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE HILES 

PEAK 
F LOW 

TIME OF AVERAGE FLOW FOR M A X I M  PERlCO 
PEAK 6-HOUR 24-HOUR 72-HOUR 

BASIN MAXlMUn T IMEOF 
AREA STAGE MAX STAGE OPERATIOW STATlON 

HYDROGRAPH AT SUBMl 

ROUTED TO RO- 1 

HYDROGRAPH AT SUBM2 

2 COMBINED AT CO-1 

HYDROGRAPH AT SUBm 

2 COMBINED AT CO-2 

ROUTED TO RO-2 

HYDROGRAPH AT SUB* 

2 COMBINED AT CO-3 

HYDROGRAPH AT SUBM4 

2 COMBINED AT CO-4 

ROUTED TO RO-3 

HYDROGRAPH AT SUBM6 

2 COMBINED AT CO-5 

HYDROGRAPH AT SUBM7 

2 COMBINED AT CO-6 

HYDROGRAPH AT SUBM8 

2 COWBINED AT CO-7 

RWTED TO RO-4 

HYDROGRAPH AT S U W  

2 COMBINED AT CO-8 

HYDROGRAPH AT SUBMlO 

2 COMBINED AT CO-9 

ROUTED TO RO-5 

HYDROGRAPH AT SUBMll 

2 COMBINED AT CO-10 

HYDROGRAPH AT SUBMl2 

2 COMBINED AT CO-11 

RWTED TO RO-6 



HYDROGRAPH AT SUER13 894. 1.80 186. 141. 141. 1 .81 



APPENDIX B 

MORGAN CITY WASH 

HEC-1 

100-YEAR 6 HOUR STORM 



HEC-1 I N W T  PAGE 1 

LINE 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

FILE: MC-06 

HYDROLOGY FOR: 100-YEAR 6 HWR EVENT 

PURPOSE OF STUDY: DELINEATION OF THE 100-YEAR FLOOOPLAIN OF 
MORGAN CITY MASH, A W A  FRIA RIVER TO THE 
MARICOPA COUNTY BWNDARY 

METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
PRECIPITATION- SCS TYPE 11 STORM BY 15  MIN. INCREMENTS 

-AREAL REDUCTION BY .JD" DEPTH-AREA OPTION 
EXCESS PRECIPITATION- I N I T I A L  AND UNIFORM LOSS RATES 

8 PERCENT IMPERVIOUS 
STREAM ROUTING- MUSKINGUM METHOD 

WATERSHED NAME: MORGAN CITY UASX 

CONTRACT NUIBER: FCD 89-15  

I D  COMPUTED BY: BAKER ENGINEERS 
I D  COMP : 
I T  6 0 1 0 C T 8 9  900 1 2 0  

KK SUBMl 
KM RUNOFF FROn SUBBASIN M-1 
BA 2.00 
LU .95 - 3 8  20.3 
UD .35 

KK SUBM2 
KM RUNOFF FROn SUBBASIW ll-2 
BA 1.56 
LU .92 .28 32.6 
UD .46 



HEC-1 INPUT PAGE 2 

LINE 

KK CO-1 
KM COMBINE RUNOFF FROM SUBBASINS n- 1 AND 14-2 
HC 2 

KK SUBH3 
KM RUNOFF FROM SUBBASIN M-3 
BA 1.89 
LU - 9 5  .40 35.0 
UD .63 

KK CO-2 
KM COMBINE RUNOFF FROM SUBBASINS M-1, 2 AND M-3 
HC 2 

KK RO-2 
KM ROUTE M-1,2,3 THROUGH M-5 
RM 3 .25 .3 

KK SUBMS 
KM RUNOFF FROM SUBBASIN M-5 
BA 1.74 
LU .95 .38 34.6 
UD .53 

KK CO-3 
KM COMBINE RUNOFF F R W  SUBBASINS M-1, 2, 3 AND M-5 
HC 2 

KK SUBM 
KM RUNOFF FROM SUBBASIN M-4 
BA 2.67 
LU .95 .40 34.9 
UD .61 

KK CO-4 
KM COMBINE RUNOFF FROM SUBBASINS M-1,2,3,5 AND M-4 
HC 2 

KK RO-3 
KM ROUTE M-1,2,3,4,5 THROUGH M-6 
RM 5 .48 .3 

KK SUBM6 
KM RUNOFF FROM SUBBASIN H - 6  
BA 2.61 
LU .93 .32 34.6 
UD .89 

KK CO-5 
KM COMBINE RUNOFF FROM SUBBASINS M-12345 AND M-6 
HC 2 



HEC-1 INPUT PAGE 3 

L INE 

89 
90 
91 
92 
93 

9 4  
95 
% 

97 
98 
99 

100 
101 

102 
1 0 3  
104  

1 0 5  
106 
107 

108 
109 
110 
111 
1 1 2  

113 
114  
115  

116 
117 
118 
119 
1 2 0  

1 2 1  
1 2 2  
123 

1 2 4  
125 
1 2 6  

127 
1 28 
1 29 
130 
131 

KK SUBM7 
Kn RUNOFF FROM SUBBASIN M-7 
BA .78 
LU .81 .24 31.3 
UD .56 

KK CO-6 
Kn COMBINE RUNOFF FROH SUBBASINS 11-123456 AND M-7 
HC 2 

KK WBM8 
Kn RUNOFF FROM SUBBASIN M-8 
BA 2.39 
LU .84 .37 34.4 
UD .80 

KK CO-7 
Kn COHBlNE RUNOFF FROM SUBBASINS M-1234567 AND M-8 
HC 2 

KK RO-4 
Kn ROUTE M-1. .8 THROUGH M-9 
RM 5 - 4 9  .3 

KK WBM9 
Kn RUNOFF FROM SUBBASIN M-9 
BA 1.76 
LU -87 .55 29.2 
UD .69 

KK CO-8 
Kn COHBlNE RUNOFF FROM SUBBASINS M-1 THRU 8 AND M-9 
HC 2 

KK SUBMlO 
Kn RUNOFF FROM SUBBASIN M - l o  
BA 1.50 
LU .81 .26 45.0 
U) .80 

KK CO-9 
Kn COMBINE RUNOFF FROM SUBBASINS M-1 THRU 9 AND M-10 
HC 2 

KK RO-5 
Kn ROUTE M-l..lO THROUGH M-11 
RM 1 .ll .3 

KK SUBMll 
Kn RUNOFF FROM SUBBASIN M-11 
BA .97 
LU .85 .45 21.5 
UD .51 



L INE 

HEC-1 INPUT PAGE 4 

KK CO-10 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU M-10 AND 11-11 
HC 2 

KK SUBMl2 
KM RUNOFF FROM SUBBASIN H - 1 2  
BA 1.29 
LU .81 .27 35.2 
UD .80 

KK CO-11 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU M-11 AND M-12 
HC 2 

KK RO-6 
KM ROUTE M-1..12 THROUGH M-13 
RM 6 .53 .3 

KK SUBM13 
KM RUNOFF FROn SUBBASIN M-13 
BA 1.81 
LU .87 .53 3.0 
UD .86 

KK CO-12 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU 11-12 AND M-13 
KO 1 
HC 2 
zz 



SCHEMATIC DIAGRAM OF STREAM NETUORK 
INPUT 
L I N E  (V) ROUTING ( - - - > I  DIVERSION OR PUMP FLOU 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOW 

SUBMl 
v 
v 

RO- 1 

SUBMZ 

CO- 1 ............ 

CO-7 s........... 

v 
v 

RO- 4 



8 RUNOFF ALSO COMPUTED AT T H I S  LOCATION 



FLOOD HYDROGRAPH PACKAGE HEC-1 (ISM XT 512K VERSION) -FEB 1,1985 
U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC ENGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 95616 

**** 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

FILE: MC-06 

HYDROLOGY FOR: 100-YEAR 6 HOUR EVENT 

PURPOSE OF STUDY: DELINEATION OF THE 100-YEAR FLOODPLAIN OF 
MORGAN CITY WASH, AGUA FRlA RIVER TO THE 
MARICOPA COUNTY BOUNDARY 

METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
PRECIPITATION- SCS TYPE I 1  STORM BY 15 MIN. INCREMENTS 

-AREAL REDUCTION BY "JD" DEPTH-AREA OPTION 
EXCESS PRECIPITATION- I N I T I A L  AND UNIFORM LOSS RATES 

& PERCENT IMPERVIOUS 
STREAM ROUTING- HUSKINGUM METHOD 

WATERSHED NAME: MORGAN CITY WASH 

CONTRACT NUMBER: FCD 89-15 

COMPUTED BY: BAKER ENGINEERS DATE: 12/07/89 
COMP : CKD : 

OUTPUT CONTROL VARIABLES 
1 PRNT 5 PRINT CONTROL 
1 PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMIN 6 MINUTES I N  COMPUTATION INTERVAL 

IDATE 10CT89 STARTING DATE 
ITIME 0900 STARTING TIME 

NQ 120 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 10CT89 ENDING DATE 
NDTIME 2054 ENDING TIME 

COMWTATION INTERVAL .10 HOURS 
TOTAL TIME BASE 11.90 HOURS 

ENGLISH UHITS 

27 JD INDEX STORM NO. 1 
STRM 3.40 PRECIPITATION DEPTH 
TRDA .O1 TRANSPOSITION DRAINAGE AREA 

28 P I  PREClPITATlON PATTERN 
.oo .oo .oo .oo .oo .01 -01 .O1 -01 .O1 
.01 .01 .01 .01 .01 .O1 .01 .01 .O1 .01 
.O1 .O1 .O1 .01 .01 .06 .06 -11 .16 .16 
.02 .02 .02 .02 .02 .01 .O1 .01 .01 .01 
.01 .01 .01 .O1 .01 .01 .01 .01 -01 .01 
.01 .01 .oo .oo -00 .oo .oo .oo .oo .oo 

INDEX STORM NO. 2 
STRM 2.89 PRECIPITATION DEPTH 
TRDA 10.00 TRANSPOSITION DRAINAGE AREA 



0 P I  PRECIPITATION PATTERN . .oo .oo .oo . 00 . 00 
-01 .01 .01 .O1 .01 
.01 .01 .O1 .01 .01 
.02 .02 .02 .02 .02 
.01 .O1 .01 .01 .O1 
-01 .O1 .oo .oo .oo 

32 JD INDEX STORM NO. 3 
STRM 2.69 PRECIPITATION DEPTH 
TRDA 20 .OO TRANSPOSITION DRAl WAGE AREA 

0 P I  PRECIPITATION PATTERN 
.oo .oo .oo .00 .oo 
.01 -01 .01 .O1 .01 
.01 .01 so1 .01 .01 
.02 .02 .02 .02 .02 
.01 .01 .01 .O1 .01 
.01 .01 .oo -00 .oo 

INDEX STORM NO. 4 
STRM 2.55 PRECIPITATION DEPTH 
TRDA 30.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATION PATTERN 
.oo .oo .oo .oo . 00 
.O1 .01 .01 .01 .01 
-01 .01 .01 .01 . O l  
.02 .02 .02 .02 .02 
.O1 .01 .O1 .01 .01 
.01 .01 .oo .oo .oo 

INDEX STORM NO. 5 
STRM 2.45 PRECIPITATION DEPTH 
TRDA 40.00 TRANSPOSITION DRAINAGE AREA 

PRECIPITATlON PATTERN 
.oo .00 .oo -00 . 00 
.O1 .01 .O1 .01 .01 
.O1 .01 .01 .01 .01 
.02 -02 .02 .02 .02 
-01 .01 .01 .01 .01 
.O1 .01 . 00 -00 .oo 

I 
153 KO OUTPUT CONTROL VARIABLES 

IPRNT 1 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH COMBINATION 
I C W  2 NUMBER OF HYDROGRAPHS TO COMBINE 



HYDROGRAPH AT CO-12 
TRANSPOSITION AREA .O SQ M I  

* * 
FLOU * DA MON HRMN ORD FLOW * DA HOW HRMN ORD FLW * DA MOM HRMN ORD FLOU 

* * * 
1 OCT 0900 1 0. * 1 OCT 1200 31 1052. * 1 OCT 1500 61 5747. * 1 OCT 1800 91 
1 OCT 0906 2 0. * lOCT1206 32 1289. * lOCTl506 62 4815. * 1OCT1806 92 
1 OCT 0912 3 0. * 1 OCT 1212 33 1612. * 1 OCT 1512 63 4044. * 1 OCT 1812 93 
1 OCT 0918 4 0. * 1 OCT 1218 34 2053. * 1 OCT 1518 64 3416. * 1 OCT 1818 94 
1 OCT 0924 5 0. * 1 OCT 1224 35 2633. 1 OCT 1524 65 2906. * 1 OCT 1824 95 
1 OCT 0930 6 1. * 1OCTlUO 36 3353. * lOCTl530 66 2495. * 1OCT1830 96 
1 OCT 0936 7 2. * 1OCT1236 37 4203. * 1OCT1536 67 2161. * 1OCT1836 97 
1 OCT 0942 8 5. * 1OCT1242 38 5149. lOCT1542 68 1889. * 1OCT1842 98 
1 OCT 0948 9 9. * 1OCT1248 39 6126. * 1OCT1548 69 1664. * lOCT1848 99 
1 OCT 0954 10 16. * 1 OCT 1254 40 7067. * 1 OCT 1554 70 1477. 1 OCT 1854 100 
1 OCT 1000 11 26. * 1 OCT 1300 41 7914. * 1 OCT 1600 71 1318. * 1 OCT 1900 101 

. 1OCT1006 12 39. * lOCT1306 42 8665. lOCTl606 72 1182. * 1OCT1906 102 
1 OCT 1012 13 55. * 1 OCT 1312 43 9341. * 1 OCT 1612 . 73 1064. * 1 OCT 1912 103 
1 OCT 1018 14 75. * 1OCT1318 44 10000. * 1OCT1618 74 960. * 1OCT1918 104 
1 OCT 1024 15 97. * 1 OCT 1324 45 10703. * 1 OCT 1624 75 868. * 1OCT1924 105 
1 OCT 1030 16 123. * 1 OCT 1330 46 11484. * 1 OCT 1630 76 786. * lOCT1930 106 
1OCT1036 17 151. * 1 OCT 1336 47 12337. * 1 OCT 1636 77 711. * 1OCT1936 107 
1OCT1042 18 183. * 1 OCT 1342 48 13232. * 1 OCT 1642 78 641. 1 OCT 1942 108 
lOCT1048 19 219. * 1 OCT 1348 49 14111. * 1 OCT 1648 79 576. * 1OCT1948 109 
1 OCT 1054 20 259. * 1 OCT 1354 50 14884. * 1 OCT 1654 80 515. * 1 OCT 1954 110 
1OCTllOO 21 303. * 1OCTl400 51 15436. * 1OCT1700 81 455. * 1 OCT 2000 111 
lOCT1106 22 351. * 1 OCT 1406 52 15655. 1 OCT 1706 82 398. * 1 OCT 2006 112 
1 OCT 1112 23 403. * 1OCT1412 53 15460. * 1OCT1712 83 344. * 1 OCT 2012 113 
lOCT1118 24 457. * 1 OCT 1418 54 14827. * 1 OCT 1718 84 292. 1 OCT 2018 114 
1OCT1124 25 0 514. * 1 OCT 1424 55 13805. 1 OCT 1724 85 245. * 1OCT2024 115 

OCT 1130 26 571. * 1 OCT 1430 56 12497. * 1 OCT i n 0  86 201. * 1OCT2030 116 
1 OCT 1136 27 629. * 1OCTl436 57 11035. lOCTl736 87 164. * 1 OCT 2036 117 
1 OCT 1142 28 691. * 1 OCT 1442 58 9545. * 1 OCT 1742 88 131. * 1 OCT 2042 118 
1 OCT 1148 29 769. 1 OCT 1448 59 8130. * 1 OCT 1748 89 104. 1OCT2048 119 
1 OCT 1154 30 883. * 1 OCT 1454 60 6854. * 1 OCT 1754 90 82. * 1 OCT 2054 120 

* * * 
....................................................................................................................... 

PEAKFLW TIME MAXIMUM AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 11.90-HR 
15655. 5.10 (CFS) 5257. 2683. 2683. 2683. 

(INCHES) 2.128 2.154 2.154 2.154 
(AC-FT) 2607. 2638. 2638. 2638. 

CUMULATIVE AREA = 22.97 SQ M1 

HYDROGRAPH AT CO-12 
TRANSPOSlTlON AREA 10.0 SQ M I  

DA MOM HRMN ORD FLOW * DA MON HRMN OR0 FLOW * DA MON HRMN ORD FLW * DA MOM HRMN ORD FLOU 
* * * 

1 OCT 0900 1 0. * 1OCT1200 31 856. * 1 OCT 1500 61 4565. * 1 OCT 1800 91 55. 
1 OCT 0906 2 0. * lOCT1206 32 1033. * lOCT1506 62 3825. * 1OCT1806 92 43. e :; :;: : 0. * 1 OCT 1212 33 1275. * 1 OCT 1512 63 3218. * 1 OCT 1812 93 34. 

0. * 1 OCT 1218 34 1610. * 1 OCT 1518 64 2724. * 1 OCT 1818 94 27. 
1 OCT 0924 5 0. * 1OCT1224 35 2055. * 1OCT1524 65 2326. * 1OCT1824 95 21. 
1 OCT 0930 6 1. * 1 OCT 1230 36 2615. * 1 OCT 1530 66 2005. * 1 OCT 1830 96 16. 
1 OCT 0936 7 2. * lOCT1236 37 3283. * 1OCT1536 67 1746. * 1OCT1836 97 13. 



1 OCT 0942 
1 OCT 0948 
1 OCT 0954 
1 OCT 1000 

@ OCT 1006 
OCT 1012 
OCT 1018 

1 OCT 1024 
1 OCT 1030 
1 OCT 1036 
1 OCT 1042 
1 OCT 1048 
1 OCT 1054 
1 OCT 1100 
1 OCT 1106 
1 OCT 1112 
1 OCT 1118 
1 OCT 1124 
1 OCT 1130 
1 OCT 1136 
1 OCT 1142 
1 OCT 1148 
1 OCT 1154 

1OCTl242 38 
* 1 OCT 1248 39 
* 1 OCT 1254 40 
* 1 OCT 1300 41 
* 1 OCT 1306 42 
* 1 OCT 1312 43 

1 OCT 1318 44 
* 1 OCT 1324 45 
* 1 OCT 1330 46 

1 OCT 1336 47 
* 1 OCT 1342 48 
* 1 OCT 1348 49 
* 1 OCT 1354 50 
* lOCT1400 51 
* 1 OCT 1406 52 
* 1 OCT 1412 53 

1 OCT 1418 54 
* 1 OCT 1424 55 
* 1 OCT 1430 56 
* 1 OCT 1436 57 
* 1 OCT 1442 58 
* 1 OCT 1448 59 
* 1 OCT 1454 60 
* 

* lOCT1542 
* 1 OCT 1548 
* 1 OCT 1554 
* 1 OCT 1600 
* 1 OCT 1606 
* 1 OCT 1612 
* 1 OCT 1618 
* 1 OCT 1624 
* lOCT1630 

lOCT1636 
* 1 OCT 1642 

1 OCT 1648 
* 1 OCT 1654 

lOCTl700 
* 1 OCT 1706 
* 1OCT1712 
* 1 OCT 1718 
* 1 OCT 1724 
* 1 OCT 1730 
* 1 OCT 1736 
* 1 OCT 1742 
* 1OCT1748 
* 1 OCT 1754 
* 

1 OCT 1842 98 
* 1 OCT 1848 99 
* 1 OCT 1854 100 
* 1 OCT 1900 101 
* 1 OCT 1906 102 
* 1 OCT 1912 103 

1 OCT 1918 104 
1 OCT 1924 105 

* 1 OCT 1930 106 
1 OCT 1936 107 

* 1OCT1942 108 
1OCT1948 109 

* 1OCT1954 110 
* 1 OCT 2000 111 
* 1 OCT 2006 112 
* 1 OCT 2012 113 
* 1 OCT 2018 114 
* 1 OCT 2024 115 
* 1OCT2030 116 
* 1 OCT 2036 117 

1 OCT 2042 118 
* 1 OCT 2048 119 
* 1 OCT 2054 120 
* 

PEAK FLOU TIME HAXIHUH AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 11.90-HR 
12419. 5.10 (CFS) 4185. 2137. 2137. 2137. 

(INCHES) 1.694 1.716 1.716 1.716 
(AC- FT)  2075. 2102. 2102. 2102. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSITION AREA 20.0 SP M I  

................................................................................................................................... 
* * * 

DA HON HRHN ORD FLOU * DA MOM HRHN ORD FLOW * DA WON HRHN ORD FLOW * DA HON HRHN ORD FLW 
* * 

1 OCT 0900 1 0. * 1OCT1200 31 783. * 1 OCT 1500 61 4112. * 1 OCT 1800 91 51. 
1OCT0906 2 0. * 1OCT1206 32 938. * 1 OCT 1506 62 3450. * 1 OCT 1806 92 40. 
1 OCT 0912 3 0. * 1 OCT 1212 33 1150. * 1 OCT 1512 63 2906. * 1 OCT 1812 93 31. 
1 OCT 0918 4 0. * 1 OCT 1218 34 1443. * 1 OCT 1518 64 2465. * 1 OCT 1818 94 25. 
1 OCT 0924 5 0. * 1OCT1224 35 1836. * 1OCT1524 65 2109. * 1OCT1824 95 19. 
1 OCT 0930 6 1. 1OCT123O 36 2333. * 1OCT1530 66 1823. 1OCT1830 96 15. 
1 OCT 0936 7 2. * 1 OCT 1236 37 2931. * 1 OCT 1536 67 1591. * 1 OCT 1836 97 12. 
1 OCT 0942 8 4. 1 OCT 1242 38 3610. * 1 OCT 1542 68 1401. 1 OCT 1842 98 9. 
1 OCT 0948 9 7. * 1OCT1248 39 4322. * 1OCT1548 69 1243. * 1OCT1848 99 7. 
1 OCT 0954 10 13. * 1 OCT 1254 40 5015. * 1 OCT 1554 70 1111. * 1 OCT 1854 100 6. 
1 OCT 1000 11 20. * 1 OCT 1300 41 5644. 1 OCT 1600 71 998. * 1 OCT 1900 101 5. 
lOCT1006 12 31. 1OCT1306 42 6201. * lOCTl606 72 900. * 1 OCT 1906 102 4. 
1 OCT 1012 13 44. * 1 OCT 1312 43 6694. 1 OCT 1612 73 814. * 1 OCT 1912 103 3. 
1 OCT 1018 14 59. * 1 OCT 1318 44 7166. * 1 OCT 1618 74 738. * 1 OCT 1918 104 2. 
lOCT1024 15 77. * 1 OCT 1324 45 7665. * 1 OCT 1624 75 670. * 1 OCT 1924 105 2. 3:::'" ;; 97. * 1OCT1330 46 8214. * 1OCT1630 76 609. * 1 OCT 1930 106 1. 

120. * 1 OCT 1336 47 8809. * 1 OCT 1636 77 552. * 1OCT1936 107 1. 
OCT 1042 18 145. * 1 OCT 1342 48 9430. * 1 OCT 1642 78 499. * 1OCT1942 108 1. 

1 OCT 1048 19 173. * 1OCT1348 49 10041. * 1OCT1648 79 450. * lOCT1948 109 1. 
1 OCT 1054 20 205. 1 OCT 1354 50 10582. * 1 OCT 1654 80 402. * 1OCT1954 110 0. 
1OCT11OO 21 240. * 1 0 ~ ~ 1 4 0 0  51 10977. * 1 0 ~ ~ 1 7 0 0  81 357. * 1 OCT 2000 111 0. 
1OCT1106 22 278. * 1OCT1406 52 11143. 1OCT1706 82 312. * 1 OCT 2006 112 0. 



1 OCT 1112 23 319. * 1 OCT 1412 53 11019. * 1 OCT 1712 83 270. 1 OCT 2012 113 0. 
1 OCT 1118 24 362. * 1 OCT 1418 54 10584. * 1 OCT 1718 84 230. * . 1 OCT 2018 114 0. 
1 OCT 1124 25 407. * 1OCT1424 55 9867. lOCT1724 85 192. * 1 OCT 2024 115 0. 
1 OCT 1130 26 452. * 1 OCT 1430 56 8940. * 1 OCT i n 0  M 159. * 1OCT2030 116 0. 

Q OCT 1136 27 497. * 1 OCT 1436 57 7897. 1 OCT 1736 87 129. * 1 OCT 2036 117 0. 
OCT 1142 28 543. * 1OCT1442 58 6830. * 1OCT1742 88 103. * 1OCT2042 118 0. 
OCT 1148 29 596. * lOCT1448 59 5816. * 1OCT1748 89 82. * 1 OCT 2048 119 0. 

1 OCT 1154 30 671. * 1 OCT 1454 60 4902. * 1 OCT 1754 90 65. * lOCT2054 120 0. 
* * * 

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

PEAK FLOU TIME MAXIM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 11.00-HR 
11143. 5.10 (CFS) 3769. 1925. 1925. 1925. 

(INCHES) 1.525 1 -546 1.546 1.546 
(AC-FT) 1869. 1894. 1894. 1894. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSITIONAREA 30.0SQMI 

................................................................................................................................... 
* * * 

DA MOM HRMN OR0 FLOU * DA MON HRMN ORD FLGU * DA MU HRMN ORD FLOW * DA MON HRMN ORD FLOW 
* * * 

1 OCT 0900 1 0. * 1OCTlZOO 31 734. lOCTl500 61 3798. * lOCT1800 91 48. 
1OCT0906 2 0. 1OCT1206 32 874. * 1OCTl506 62 3189. * 1OCT1806 92 38. 
1 OCT 0912 3 0. * 1 OCT 1212 33 1065. * 1 OCT 1512 63 2690. * 1 OCT 1812 93 30. 

OCT 0918 4 0. * 1 OCT 1218 34 1331. * 1 OCT 1518 66 2286. * 1 OCT 1818 94 23. %& : 0. * 1 OCT 1224 35 1688. * 1 OCT 1524 65 1959. * 1 OCT 1824 95 18. 
1. * 1OCT1230 36 2141. * 1OCT1530 66 1696. * 1OCT1830 % 14. 

1 OCT 0936 7 2. * 1OCT1236 37 2688. * lOCT1536 67 1483. * 1OCT1836 97 11. 
1 OCT 0942 8 3. * 1 OCT 1242 38 3312. * 1 OCT 1542 68 1308. * 1 OCT 1842 98 9. 
1 OCT 0948 9 7. * 1 OCT 1248 39 3971. * 1 OCT 1548 69 1163. * 1 OCT 1848 99 7. 
1 OCT 0954 10 12. 1 OCT 1254 40 4613. * 1 OCT 1554 70 1041. * 1 OCT 1854 100 6. 
1 OCT 1000 11 19. * 1 OCT 1300 41 5198. * 1 OCT 1600 71 937. * 1 OCT 1900 101 4. 
1OCT1006 12 29. 1OCT1306 42 5716. * lOCT1606 72 846. * 1 OCT 1906 102 3. 
1 OCT 1012 13 42. * 1 OCT 1312 43 6176. * 1 OCT 1612 73 766. * 1OCT1912 103 3. 
1 OCT 1018 14 56. * 1 OCT 1318 44 6613. * 1 OCT 1618 74 695. 1 OCT 1918 104 2. 
1OCT1024 15 73. * 1 OCT 1324 45 7072. 1 OCT 1624 75 632. * 1OCT1924 105 2. 
1OCT1030 16 92. 1 OCT 1330 46 7576. * 1 OCT 1630 76 574. * 1 OCT 1930 106 1. 
1OCT1036 17 113. * 1 OCT 1336 47 8120. * 1 OCT 1636 77 521. 1 OCT 1936 107 1. 
1 OCT 1042 18 137. * lOCT1342 48 8686. 1OCT1642 78 472. * 1OCT1942 108 1. 
1 OCT 1048 19 164. * lOCT1348 49 9243. lOCT1648 79 425. * 1 OCT 1948 109 1. 
1 OCT 1054 20 194. * 1 OCT 1354 50 9736. * 1 OCT 1654 80 380. * 1 OCT 1954 110 0. 
1 OCT 1100 21 227. * 1OCT1400 51 10097. * 1OCT1700 81 337. * 1 OCT 2000 111 0. 
1OCT1106 22 263. * 1OCT1406 52 10249. * 1OCT1706 82 296. * 1 OCT 2006 112 0. 
1 OCT 1112 23 302. * 1 OCT 1412 53 10138. * 1 OCT 1712 83 255. * 1 OCT 2012 113 0. 
1 OCT 1118 24 343. 1OCT1418 54 9741. * 1OCT1718 84 217. * 1 OCT 2018 114 0. 
1 OCT 1124 25 385. * 1 OCT 1424 55 9085. * 1 OCT 1724 85 182. * 1OCT2024 115 0. 
1 OCT 1130 26 428. * 1 OCT 1430 56 8235. * 1 OCT 1730 86 150. * 1OCT2030 116 0. 
1 OCT 1136 27 472. * 1 OCT 1436 57 7277. * 1 OCT 1736 87 122. * 1OCT2036 117 0. 
1 OCT 1142 28 515. * 1 OCT 1442 58 6297. 1 OCT 1742 88 98. 1 OCT 2042 118 0. 
1 OCT 1148 29 563. * 1 OCT 1448 59 5364. 1 OCT 1748 89 78. * 1OCT2048 119 0. 
lOCT1154 30 632. * 1 OCT 1454 60 4524. * 1 OCT 1754 90 61. * 1 OCT 2054 120 0. 

* * 
.............................................................................................................................. * 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 11.90-HR 
10249. 5.10 (CFS) 3478. 1777. 1777. lm. 

(INCHES) 1.408 1.427 1.427 1.427 



(AC-FT) 1725. 1748. 1748. 1748. 

CUMULATIVE AREA = 22.97 SQ M I  

HYDROGRAPH AT CO-12 
TRANSPOSf TIW AREA 40.0 SP M I  

................................................................................................................................... 
* * * 

DA MON HRMN ORD FLW * DA MOW HRMN ORD FLW * DA MON HRMN ORD FLW * DA CK))( HRMN ORD FLW 
* * * 

1 OCT 0900 1 0. * 1OCT1200 31 699. * 1 OCT 1500 61 3578. * 1 WT 1800 91 46. 
1OCT0906 2 0. * 1OCT1206 32 829. * 1OCT1506 62 3008. 1 0 ~ 1 1 8 0 6  92 36. 
lOCT0912 3 0. * 1 OCT 1212 33 1005. * 1 OCT 1512 63 2540. * 1 WT 1812 93 29. 
1 OCT 0918 4 0. * 1 OCT 1218 34 1252. * 1 OCT 1518 64 2161. * 1 OCT 1818 94 23. 
1 OCT 0924 5 0. * lOCTl224 35 1584. 1OCT1524 65 1855. * 1OCT1824 95 18. 
1 OCT 0930 6 1 * lOCT1230 36 2007. * 1 O C T l 5 F  66 1608. 1OCT1830 96 14. 
1 OCT 0936 7 2. * 1OCT1236 37 2518. * 1OCT1536 67 1408. * 1OCTl836 97 11. 
1 OCT 0942 8 3. * 1OCT1242 38 3103. * 1OCT1542 68 1244. * 1OCT1842 98 9. 
1 OCT 0948 9 6. * 1OCT1248 39 3723. * 1OCT1548 69 1107. 1WT1848  99 7. 
1 OCT 0954 10 11. * 1 OCT 1254 40 4329. * 1 OCT 1554 70 992. * 1OCT1854 100 5. 
1 OCT 1000 11 19. * lOCT1300 41 4882. lOCTl600 71 894. 1OCT1900 101 4. 
1 OCT 1006 12 28. * 1OCT1306 42 5373. * 1OCT1606 72 808. 1OCT1906 102 3. 
1 OCT 1012 13 40. * 1 OCT 1312 43 5807. * 1 OCT 1612 73 732. * 1 OCT 1912 103 3. 
1 OCT 1018 14 54. * 1 OCT 1318 44 6218. * 1 OCT 1618 74 665. 1 OCT 1918 104 2. 
1OCT1024 15 70. * 1 OCT 1324 45 6648. 1 OCT 1624 75 605. * 1 OCT 1924 105 2. 
1 OCT 1030 16 88. * 1OCT1330 46 7119. * lDCT1630 76 550. * 1OCT1930 106 1. 
1OCT1036 17 109. * 1 OCT 1336 47 7627. * 1 OCT 1636 n 499. * 1 OCT 1936 107 1. 
1 OCT 1042 18 132. * 1 OCT 1342 48 8155. * 1 OCT 1642 78 452. 1 OCT 1942 108 1. 
1 OCT 1048 19 .I 158. * 1OCT1348 49 8674. * 1OCT1648 79 407. * 1 OCT 1948 109 0. 

OCT 1054 20 186. * 1 OCT 1354 50 9133. * 1 OCT 1654 80 365. * 1OCT1954 110 0. 
1OCT1100 21 218. 1OCT1400 51 9470. * lOCTl700 81 323. * lOCT2000 111 0. 
1OCT1106 22 253. * 1 OCT 1406 52 9614. * 1 OCT 1706 82 284. 1OCT2006 112 0. 
1 OCT 1112 23 290. * 1 OCT 1412 53 9513. * 1 OCT 1712 83 245. 1OCT2012 113 0. 
1OCT 1118 24 330. * 1 OCT 1418 54 9144. * 1 OCT 1718 84 209. * 1OCT2018 114 0. 
1OCT1124 25 370. * 1OCT1424 55 8533. * 1OCT1724 85 175. 1OCT2024 115 0. 
1OCT1130 26 412. * 1 OCT 1430 56 7738. * 1 OCT 1730 86 144. * 1 OCT 2030 116 0. 
1 OCT 1136 27 453. * lOCT1436 57 6841. * 1OCTl736 87 117. * 1OCT2036 117 0. 
1 OCT 1142 28 494. * 1 OCT 1442 58 5922. * 1 OCT 1742 88 94. * 1OCT2042 118 0. 
1 OCT 1148 29 540. * 1 OCT 1448 59 5047. * 1 OCT 1748 89 75. * 1 OCT 2048 119 0. 
1 OCT 1154 30 604. * 1 OCT 1454 60 4259. * 1 OCT 1754 90 59. * 1 OCT 2054 120 0. 

* * * 

PEAK FLOU TIME WIMUM AVERAGE FLW 
(CFS) (HR) 6- HR 24-HR 72-HR 11.90-HR 
9614. 5.10 (CFS) 3272. 1673. 1673. 1673. 

( INCHES) 1 .324 1.343 1 -343 1.343 
(AC-FT) 1623. 1645. 1645. 1645. 

CUMULATIVE AREA = 22.97SQMI 

INTERPOLATED HYDROGRAPH AT CO- 12 

.............................................................................................................................. 
* * * 

DA MON HRMN ORD FLOW * DA MOW HRW OR0 FLOW DA MON HRMN ORD FLW * DA MON HRMN ORD FLW 
* * * 

1 OCT 0900 1 0. * 1 OCT 1200 31 769. * 1 OCT 1500 61 4024. * 1 OCT 1800 91 50. 
1 OCT 0906 2 0. * 1OCT1206 32 920. * 1OCT1506 62 3377. * 1OCT1806 92 40. 



1 OCT 0912 
1 OCT 0918 
1 OCT 0924 
f OCT 0930 qf%E& 
1 OCT 0954 
1 OCT 1000 
1 OCT 1006 
1 OCT 1012 
1 OCT 1018 
1 OCT 1024 
1 OCT 1030 
1 OCT 1036 
1 OCT 1042 
1 OCT 1048 
1 OCT 1054 
1 OCT 1100 
1 OCT 1106 
1 OCT 1112 
1 OCT 1118 
1 OCT 1124 
1 OCT 1130 
1 OCT 1136 
1 OCT 1142 
1 OCT 1148 
1 OCT 1154 

1 OCT 1212 
* 1 OCT 1218 

1OCT1224 
* 1 OCT 1230 
* 1 OCT 1236 

1OCT1242 
* 1OCT1248 
* lOCT1254 
* 1 OCT 1300 
* 1 OCT 1306 
* 1 OCT 1312 
* 1 OCT 1318 
* 1 OCT 1324 
* 1OCT1330 

1OCT1336 
* 1 OCT 1342 
* 1 OCT 1348 
* 1 OCT 1354 
* 1 OCT 1400 
* 1OCT1406 
* 1 OCT 1412 
* 1 OCT 1418 
* 1 OCT 1424 
* 1 OCT 1430 
* 1 OCT 1436 
* 1 OCT 1442 
* 1 OCT 1448 
* 1 OCT 1454 
* 

1 OCT 1512 
* 1 OCT 1518 
* 1 OCT 1524 
* 1 OCT 1530 
* 1 OCT 1536 

1OCTl542 
* 1 OCT 1548 
* 1 OCT 1554 
* 1 OCT 1600 
* 1 OCT 1606 
* 1OCT1612 
* lOCT1618 

1 OCT 1624 
* 1 OCT 1630 

1 OCT 1636 
1 OCT 1642 

* 1 OCT 1648 
* 1 OCT 1654 

lOCT1700 
* 1 OCT 1706 
* 1 OCT 1712 

1OCT1718 
1 OCT 1724 

* 1 OCT 1730 
* 1 OCT 1736 
* 1OCT1742 
* 1 OCT 1748 
* 1OCT1754 
* 

63 2845. 1 OCT 1812 
64 2415. 1 OCT 1818 
65 2067. * 1 OCT 1824 
66 1787. * lOCT1830 
67 1560. * 1 OCT 1836 
68 1375. 1OCT1842 
69 1221. * 1 OCT 1848 
TO 1091. * 1OCT1854 
71 981. * 1 OCT 1900 
72 885. * 1OCT1906 
73 801. * 1 OCT 1912 
74 R6. * 1 OCT 1918 
75 659. 1 OCT 1924 
76 599. * 1 OCT 1930 
77 543. * lOCTl936 
78 492. 1 OCT 1942 
79 443. * 1OCT1948 
80 396. * 1OCT1954 
81 351. * 1 OCT 2000 
82 308. * 1 OCT 2006 
83 266. * 1 OCT 2012 
84 226. 1 OCT 2018 
85 189. * lOCT2024 
86 156. * 1 OCT 2030 
87 127. * 1 OCT 2036 
88 102. 1OCT2042 
89 81. * 1 OCT 2048 
90 64. * 1 OCT 2054 

PEAKFLOW TIME HAXIMUM AVERAGE FLOW 
(HR) 

9 .  5.10 
6- HR 24-HR 72-HR 11.90-HR 

(CFS) 3687. 1884. 1884. 1886. 
(INCHES) 1.492 1.512 1.512 1.512 
(AC-FT) 1828. 1853. 1853. 1853. 

CUMULATIVE AREA = 22.97 SQ M I  



RUNOFF SUMMARY 
FLOU I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK T I H E O F  AVERAGEFLWFORMAXIHUMPERIOO 
OPERATION STATION FLOU PEAK 6-HOUR - 24-HOUR 72-HOUR 

HYDROGRAPH AT SUBMl 2766. 3.20 344. 174. 174. 

ROUTED TO RO- 1 2547. 3.50 344. 174. 174. 

HYDROGRAPH AT SUBM2 1950. 3.30 322. 163. 163. 

2 COMBINED AT CO-1 4183. 3.50 649. 329. 329. 

HYDROGRAPH AT SUBM3 1835. 3.50 374. 190. 190. 

2 COMBINED AT CO-2 5887. 3.50 999. 507. 507. 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

RO-2 

SUB* 

CO-3 

SUBM4 

CO-4 

RO-3 

SUB% 

CO-5 

SUBM7 

CO-6 

SUBM8 

CO-7 

RO-4 

S U M 9  

CO- 8 

SUBMlO 

CO-9 

RO-5 

SUBM11 

co-10 

SUBMI 2 

co- 1 1 

RO-6 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 



HYDROGRAPH AT SUBMI3 1151. 3.70 

2 COHBINED AT CO-12 10892. 5.10 



APPENDIX C 

MORGAN CITY WASH 

HEC-1 

100-YEAR 24 HOUR STORM 



HEC-1 I N W T  PAGE 1 

LINE 

I D  FLOOO CONTROL DISTRICT OF MARICOPA COUNTY 
I D  
I D  FILE: MC-24 
1 D 
I D  HYDROLOGY FOR: 100-YEAR 24 HOUR EVENT 
I D  
I D  PURPOSE OF STUDY: DELINEATION OF THE 100-YEAR FLOODPLAIN OF 
I D  mWlGAN CITY WASH, ACUA FRlA RIVER TO THE 
I D  WRICOPA COUNTY BOUNDARY 
I D  
I D  METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
I D  PRECIPITATION- SCS TYPE I I STORM BY 15 MIN. INCREMENTS 
I D  -AREAL REDUCTION BY "JD" DEPTH-AREA OPTION 
I D  EXCESS PRECIPITATION- I N I T I A L  AND UNIFORM LOSS RATES 
I D  8 PERCENT IMPERVIOUS 
I D  STREAM ROUTING- MUSKINGUM METHOD 
I D  
I D  WATERSHED NAME: MORGAN CITY WASH 
I D  
I D  CONTRACT NUMBER: FCD 89-15 
1 D 
I D  COMPUTED BY: DATE:l /0 89 
I D  
I T  6 01JAN89 0 300 

cm: &@ 0-8-69 
*DIAGRAM 
I N  15 
I0  5 
JD 4.5 .01 
PC 0 .002 ,005 .008 .011 .014 .017 .020 .023 .026 
PC .029 .032 .035 .OM ,041 .044 .048 .052 .056 .060 
PC .064 .068 .OR .076 .080 .085 .090 .095 ,100 .I05 
PC 1 1  .I15 .I20 .I26 .I33 .I40 .I47 -155 .I63 .I72 
PC .I81 .I91 .203 .218 .236 .257 .283 .387 .663 .707 
PC .735 .758 .776 .791 .804 .815 .825 .834 .842 -849 
PC .856 .863 .869 .875 3 8 1  .887 .893 .898 .903 .908 
PC .913 .918 .922 .926 .930 ,934 .938 .942 .946 .950 
PC .953 .956 .959 .962 ,965 .968 -971 .974 ,977 .980 
PC .983 .986 .989 .992 .995 .998 1 .OOO 
JD 4.28 10 
JD 4.14 20 
JD 4.05 30 
JD 4.01 40 

KK RO-1 
KH ROUTE M-1 THROUGH M-2 
RM 3 .28 .3 



HEC-1 INPUT PAGE 2 

LINE 

SUBM2 
RUNOFF FROM SUBBASIN M-2 

1.56 
.92 .28 32.6 
.46 

co- 1 
COMBINE RUNOFF FROM SUBBASINS M- 1 AND M-2 

2 

SUBM3 
RUNOFF FROM WBBASIN 11-3 

1.89 
.95 .40 35.0 
.63 

co-2 
COMBINE RUNOFF FROM SUBBASINS M-1, 2 AND M-3 
2 

RO-2 
ROUTE M-1,2,3 THROUGH M-5 
3 .25 .3 

SUBM5 
RUNOFF FROM SUBBASIN M-5 

1.74 
.95 .38 34.6 
.53 

CO-3 
COMBINE RUNOFF FROM SUBBASINS M-1, 2, 3 AND M-5 

2 

SUBM4 
RUNOFF FROM SUBBASIN M-4 

2.67 
.95 -40 34.9 
.61 

CO-4 
COMBINE RUNOFF FROM SUBBASINS M-1,2,3,5 AND 11-4 

2 

RO-3 
ROUTE M-1,2,3,4,5 THROUGH M-6 
5 .48 .3 

SUBM6 
RUNOFF FROM SUBBASIN M-6 

2.61 
.93 .32 34.6 
.89 



HEC-1 INPUT PAGE 3 

CO-5 
COMBINE RUNOFF FROM SUBBASINS M-12345 AND M-6 

2 

CO-6 
COMBINE RUNOFF FROM SUBBASINS M-123456 AND M-7  

2 

SUB A 
RUNOFF FROM SUBBASIN M-8 

2.39 
.84 .37 34.4 
.80 

CO-7 
COMBINE RUNOFF FROn SUBBASINS M-1234567 AND M-8 

2 

RO-4 
ROUTE M- 1. .8 THROUGH M-9 

5 .49 .3 

SUBM9 
RUNOFF FROM SUBBASIN H-9 

1.76 
.87 .55 29.2 
.69 

CO-8 
COMBINE RUNOFF FROM SUBBASINS M-1 THRU 8 AND M-9 

2 

RO-5 
ROUTE M-l..lO THRWGH M-11 

1 -11 .3 



LINE 

HEC-1 INPUT PAGE 4 

10  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

KK S U M 1 1  
KM RUNOFF FROM SUBBASIN M-11 
BA .97 
LU .85 .45 21.5 
UD .51 

KK CO-10 
KM CMBINE RUNOFF FROM SUBBASINS M-1 THRU M-10 AND M-11 
HC 2 

KK S U M 1 2  
KM RUNOFF FROM SUBBASIN M-12 
BA 1.29 
LU .81 .27 35.2 
UD .80 

KK CO-11 
KM COnBINE RUNOFF FROM SUBBASINS M-1 THRU M-11 AND M-12 
HC 2 

KK RO-6 
KM ROUTE M-1. .12 THROUGH M-13 
RM 6 .53 .3 

KK SUW13 
KM RUNOFF FROM SUBBASIN M-13 
BA 1.81 
LU .87 .53 3.0 
UD .86 

KK CO-12 
KM COMBINE RUNOFF FROM SUBBASINS M-1 THRU M-12 AND M-13 
KO 1 
HC 2 
ZZ 



SCHEMATIC DIAGRAM 0F.STREAM NETMRK 
l NPUT 
t lME (V) ROUTING ( - - - > I  DIVERSION OR PUMP FLUJ 

(.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOW 

SUBMI 
v 
v 

RO- 1 

CO-I ............ 

CO- 5 ............ 



153 SUBM 13 

e RUNOFF ALSO COMPUTED AT T H I S  LOCATION 



**** 
FLOOD HYDROGRAPH PACKAGE HEC-1 ( IBM XT 512K VERSION) -FEB 1,1985 

U.S. ARMY CORPS OF ENGINEERS, THE HYDROLOGIC EUGINEERING CENTER, 609 SECOND STREET, DAVIS, CA. 95616 
**** 

FLOOO CONTROL DISTRICT OF MRICOPA COUNTY 

FILE:  MC-24 

HYDROLOGY FOR: 100-YEAR 24 HOUR EVENT 

W R W S E  OF STU)Y: DELINEATION OF THE 100-YEAR FLOODPLAIN OF 
MORGAN C ITY  WASH, A W A  FR lA  RIVER TO THE 
MARICOPA COUNTY BOUNDARY 

METHODS OF STUDY: HEC-1 DIMENSIONLESS SCS HYDROGRAPH 6 MIN. INTERVALS 
PRECIPIJATION- SCS TYPE I 1  STORM BY 15 HIN. INCREMENTS 

-AREAL REDUCTION BY *JDu DEPTH-AREA OPTION 
EXCESS PRECIPITATION- I N I T I A L  AND UNIFORM LOSS RATES 

& PERCENT IMPERVIOUS 
STREAM ROUTING- HUSKINGUM METHOD 

WATERSHED NAME: MORGAN C ITY  WASH 

CONTRACT NUMBER: FCD 8 9 - 1 5  

COMPUTED BY: BAKER ENGINEERS DATE : 12/07/89 
COMP: CKD : 

OUTPUT CONTROL VARIABLES 
IPRNT 5 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME DATA 
NMlN 6 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 JAN89 START I NG DATE 
I T I M E  0000 STARTING TIME 

NQ 3 0 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 2JAN89 ENDING DATE 
NDTIME 0554 ENDING TIME 

COMPUTATION INTERVAL .lo HOURS 
TOTAL TIME BASE 29.90 HOURS 

ENGLISH UNITS 

2 7  JD INDEX STORM NO. 1 
STRM 4.50 PRECIPITATION DEPTH 
TRDA .O1 TRANSPOSITION DRAINAGE AREA 

2 8  P I  PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
. 0 0  .oo 
.oo .oo 
-00 . 0 0  
.oo . 0 0  
.oo .oo 
.oo .OD 
.oo . 0 0  . 00 .00 
.oo .oo 



INDEX STORM NO. 2 
STRH 4.28 
TRDA 10.00 

PRECIPITATION PATTERN 
.oo -90 
.oo .oo 
.oo . 00 
.oo . 00 
.oo .oo 
-00 .oo 
.oo .oo 
.oo . 00 
.oo .oo 
.oo .oo 
.oo .oo 
-01 .01 
.02 .02 
.01 .01 . 00 . 00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
-00 .oo 
.oo .oo 

INDEX STORM NO. 3 
STRM 4.14 
TROA 20.00 

PRECIPITATION PATTERN 
.oo .oo 
.oo .oo 
.oo .oo 
.oo . 00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo -00 
.oo .oo 
.oo .oo 
.01 .01 
.02 .02 
.01 .01 
.oo .oo 
.oo .oo 
-00 .oo 

PRECIPITATION OEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION OEPTH 
TRANSPOSITION DRAINAGE AREA 



INDEX STORM NO. 4 
STRM 4.05 
TROA 30.00 

PRECIPITATION PATTERN 
.oo .oo 
-00 .oo 
.oo .oo 
.oo .oo . 00 .oo . 00 .oo 
.oo .oo 
.oo . 00 
.oo .oo . 00 .oo 
.oo .oo 
.01 .01 
.02 .02 
.01 -01 
.oo .oo 
.oo .oo 
. 00 .oo 
.oo -00 
.oo .oo 
.oo .oo 
.oo -00 
.oo . 00 
.oo .oo 
.oo .oo 

INDEX STORM NO. 5 
STRM 4.01 
TRDA 40.00 

PRECIPITATION PATTERN 
.oo .oo . 00 .oo 
.oo -00 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo . 00 .oo 
.oo .oo 
.oo .oo 
.oo . 00 
.01 .O1 
.02 .02 
.O1 .01 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
.oo .oo 
. 00 .oo 
.oo .oo 
.oo .oo 
.oo .oo 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 

PRECIPITATION DEPTH 
TRANSPOSITION DRAINAGE AREA 



'651 651 8910 NVP Z * 'Uf 
'ILL 851 1910 NVP Z * '8Lf 
'181 LSZ 9ELO NVP Z * '589 
'261 9SZ OSLO NVP 2 * 'E6f 
'201 SSZ fZLO NVP 2 * 'LOS 
'OLZ fSZ 8110 NVP Z * 'OLS 
'812 ESZ 1110 NVP 2 * 'OZS 
' f Z Z  ZSZ 9010 NVP Z * 'LES 
' OEZ LSZ OOLONVPZ * ' f f S  
' fEZ OSZ fSOO NVP Z * '855 
*LEZ 692 8900 NVP Z 'fLS 
'OfZ 872 1700 NVP 2 * '265 
' Z f Z  LfZ 9EOO NVP 2 * '219 
'ZfZ 9fZ OEOO NVP z * '9£9 
' £72 SfZ 7200 NVP 2 * '799 
' £92 f f Z  8100 NVP 2 * '969 
' f fZ  £72 ZLOO NVP 2 * ' X U  
.f fZ ZfZ 9000 NVP Z 'LLL 
' f fZ  LfZ 0000 NVP 2 * '828 
' f fZ  OfZ fSEZ NVP 1 * '688 
' f f Z  6EZ 8fEZ NVP L '6% 
' f f Z  8EZ ZfEZ NVP L * '£701 
' f fZ  LEZ 9EEZ NVP L * '£911 
' S f Z  9EZ OEEZ NVP L * '1921 
'Sf2 SEZ fZEZ NVP 1 r 'SO9 L 
'992 fEZ 8LEZ NVP 1 * 'US1 
'9'12 EEZ ZLEZNVPL * '68LL 
'LfZ ZEZ 90EZ NVP L * '9702 
'892 LEZ O O n  NVr L * 'W£Z 
'692 OEZ '1521 NVP L * 'LUZ 
'052 612 8322 NVP L '7fZE 
'ZSZ 822 ZfZZ NVP 1 * '878£ 
'SSZ LZZ 9EZZ NVP 1 * '1657 
'LSZ 922 OEZZ NVP L * 'S6fS 

* 
m-13 a10 NWIH NOW va * mi4 

* 
.......................................... 

781 8181 NVP L + '695 601 8901 NVP 1 '622 'I£ 8LEO NVP L I 
£81 1181 NVP L i 'SSS 801 ZMLNVPL * .S22 E ZLEO NVP L 
181 9081 NVP 1 * ' L f S  LO1 X O L  NVP L + 'OZZ ZE WE0 NVP 1 
181 0081 WP L * '92s 901 OEOL NVP L "rLZ 
081 fSLL NVP L 'ELS SOL fZOL NVP L * '901 OE fSZO NVP 
6LL 87LL NVP L * '669 901 8101 NVP L * 'L6L 61 8920 NVP L 
8Ll Z7LL NVP L * 'L8f £01 ZLOL NVP L 'L8L 

'; N~~ d 
81 ZfZO NVP L 

LLL 9 U L  NVP L * 'Uf ZOL 900LNVPL * 'SLL LZ 9EZO NVP 1 
9LL OLlLNVPL -799 LO1 0001 NVP L * '191 91 OEZO NVP L 
SLL 7ZLLNVPL + 'SSf 001 fS60 NVP L * 'LfL SZ 7220 NVP L 
7LL 8LLlNVPL * -999 66 8960 NVP L * 'ZEL 

£2 ZLZO NVP L 

I 
fZ 8120 NVP L 

U L  ZLLL NVP L * '8£f 86 2960 NVP 1 * 'LC1 
U L  90Ll NVP L * ' LC7 L6 9E6ONVPL * '£01 22 9010 NVP 1 t 
LLL OOLLNVPL 'SZf 96 OE60 NVP 1 '68 LZ 0020 NVP L 1 
OLL fS9L NVP L 'OZf  56 '1260 NVP L * 'U OZ fS1ONVPL 
691 8791 NVP 1 + 'SLY 96 8160NVPL * '59 61 89 LO NVP L 
WL 1791 NVP 1 '019 £6 2160 NVP 1 * 'fS 81 Zf LO NVP L 
L9L 9£9LNVPL * '909 26 9060 NVC L 'S'r LL %LO NVP L 
991 Of91 NVC L '209 16 0060 NVP 1 * '9£ 91 OSLO NVP L 
591 7291 NVP 1 r '86s 06 fS80NVP L * '82 SL fZLONVP1 
791 819LNVPL * '56% 68 8780 NVP 1 * 'LZ 91 8LlONVPL 
£91 2191 NVP L * '16s 88 1780 NVP L '91 EL ZLLO NVP L 
191 9091 NVP L 'L8E L8 9£80 NVP L '11 11 POLONVPL 
191 0091 NVP L * '18s 98 Om0 NVP 1 r 'L 11 OOLONVP L 
091 fSSL NIP 1 '8LE 58 fZ80 NVP L r '7 01 7500 NVP 1 
651 WSLNVPL 'US 98 8180NVPL * '2 6 8700 NVP 1 
8SL ZfSL NVP L 'L9E £8 ZL80NVPL * '1 8 1300 NVP L 
LSL 9£SL NVP L * '29s 28 9080 NVP L * ' L L 9E00 NVP 1 
9SL OESL NVP L 'LSE 18 0080NVPL '0 9 0E00 NVP 1 
SSL 7ZSLNVPL r 'ESE 08 fYONVPL * '0 S 9200 NVP L 
fSL 8LSL NVP L '6fE 6L 8 M O  NVP L * '0 '1 8100 NVP L 
£51 ZlSl NVP 1 * '5% 8L ZfLO NVP 1 * '0 E ZLOO NVP 1 
ZSL 90Sl NVP L + .LfE U 9U0 NVP L * -0 z 9000 NVP a 
LSL OOSL NVP L * 'LEE 9L OSLO NVP L * '0 L 0000 NVP L 

* * 
am NMIH non va * nola aao NWIH NOW va mid a10 NWMH NOW va 

* * 
........................................................................................ 



465. 2 JAN 0154 
459. * 2 JAN 0200 
452. 2 JAN 0206 
445. 2 JAN 0212 
438. * 2JAN0218 
430. * 2 JAN 0224 
423. * 2 JAN 0230 
416. * 2JAN0236 
409. 2 JAN 0242 
403. * 2 JAN 0248 
397. * 2 JAN 0254 
391. 2 JAN 0300 
385. * 2 JAN 0306 
380. * 2JAN0312 
374. * 2 JAN 0318 
368. * 2 JAN 0324 
362. * 2 JAN 0330 
357. * 2 JAN 0336 
352. * 2 JAN 0342 
347. 2 JAN 0348 
342. * 2 JAN 0354 
338. * 2 JAN WOO 
335. 2 JAN 0406 
331. * 2JAN0412 
328. * 2JAN0418 
325. * 2 JAN 0424 
321. * 2 JAN 0430 
318. 2 JAN 0436 
315. * 2 JAN 0442 
311. * 2 JAN 0448 
307. 2 JAN 0454 
303. * 2 JAN 0500 
299. * 2 JAN 0506 
294. * 2 JAN 0512 
289. * 2JAN0518 
286. * 2 JAN 0524 
279. * 2 JAN 0530 
274. * 2 JAN 0536 
269. * 2 JAN 0542 
265. * 2 JAN 0548 
261. 2 JAN 0554 

* 
........................ 

1 JAN 0324 35 232. 1 JAN 1054 110 584. * 1 JAN1824 185 
1 JAN 0330 36 234. * 1 JAN 1100 111 599. * 1 JAN1830 186 
1 JAN 0336 37 2%. * 1 JAN 1106 112 615. * 1JANl836 187 
1 JAN 0342 38 238, * 1JAN1112 113 632. * 1 JAN1842 188 
1 JAN 0348 39 e 239. * 1 JAN 1118 114 651. * 1 JAN 1848 189 

JAN 0354 40 240. * 1JAN1124 115 672. * 1JANl854 190 
JAN 0400 41 241. * lJAN1130 116 696. * 1 JAN 1900 191 

1 JAN 0406 42 241. * 1JAN1136 117 728. * l J A N l 9 0 6  192 
1 JAN 0412 43 242. lJAN1142 118 775. * 1 ~ ~ ~ 1 9 1 2  193 
1 JAN 0418 44 242. * 1 JAN 1148 119 847. * 1 JAN 1918 194 
1 JAN 0424 45 243. * 1 JAN1154 120 963. * 1 JAN1924 1% 
1 JAN 0430 46 243. * 1 JAN 1200 121 1147. 1 JAN 1930 1% 
1 JAN 04% 47 244. * lJAN1206 122 1407. * 1JAN1936 197 
1 JAN 0442 48 245. * lJAN1212 123 1759. 1JAN1942 198 
1 JAN 0448 49 247. * 1 JAN 1218 124 2230. * 1 JAN 1948 199 
1 JAN 0454 50 249. * 1 JAN 1224 125 2835. * 1 JAN 1954 200 
1 JAN 0500 51 Z l .  * lJAN1230 126 3572. * 1JANZOOO 201 
1 JAN 0506 52 253. * 1 JAN 1236 127 4422. * 1 JAN 2006 202 
1 JAN 0512 53 256. * 1 JAN 1242 128 5353. * 1 JAN 2012 203 
1 JAN 0518 54 259. * 1 JAN 1248 129 6305. * 1 JAN 2018 204 
1 JAN 0524 55 262. 1 JAN 1254 130 7218. * 1 JAN 2024 205 
1 JAN 0530 56 266. * 1 JAN 1300 131 8047. * 1 JAN 2030 206 
1 JAN 0536 57 270. * 1 JAN 1306 132 8799. * 1 JAN 2036 207 
1 JAN 0542 58 274. * 1 JAN 1312 133 9497. * 1 JAN 2042 208 
1 JAN 0548 59 279. * 1 JAN1318 134 10194. * 1 JAN2048 209 
1 JAN 0554 60 284. * 1 JAN1324 135 10947. * 1 JAN2054 210 
1 JAN 0600 61 289. 1 JAN 1330 136 11780. * 1 JAN 2100 211 
1 JAN 0606 62 294. 1 JAN1336 137 12676. * 1JAN2106 212 
1 JAN 0612 63 299. * 1 JAN 1342 138 13591. * 1 JAN 2112 213 
1 JAN 0618 64 303. * 1 JAN 1348 139 14458. * 1 JAN 2118 214 
1 JAN 0624 65 307. * 1 JAN 1354 140 15178. * 1 JAN 2124 215 
1 JAN 0630 66 311. 1 JAN1400 141 15642. * 1JAN2130 216 
1 JAN 0636 67 314. * 1 JAN 1406 142 15748. * 1 JAN 2136 217 e :;: z: : 316. 1 JAN 1412 143 15432. * 1 JAN 2142 218 

319. * 1 JAN 1418 144 14689. * 1 JAN 2148 219 
1 JAN 0654 70 321. * 1 JAN 1424 145 13580. * 1 JAN 2154 220 
1 JAN 0700 71 323. * 1 JAN 1430 146 12214. * 1 JAN 2200 221 , 
1 JAN 0706 72 326. * 1 JAN 1436 147 10724. * 1 JAN 2206 222 

PEAK FLW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 29.90-HR 

I 
15748. 14.10 (CFS) 5307. 1571. 1265. 1265. 

(INCHES) 2.148 2.543 2.551 2.551 
(AC-FT) 2631. 31 16. 3125. 3125. 

1 

1 CUMULATIVE AREA = 22.97 SP M I  

1 JAN 0712 n 328. 1 JAN 1442 148 9230. * 1 JAN 2212 223 
1 JAN 0718 74 331. * 1 JAN 1448 149 7827. * 1 JAN 2218 224 
1 JAN 0724 75 334. * 1 JAN 1454 150 6574. * 1 JAN 2224 225 

I HYDROGRAPH AT CO-12 
TRANSPOSITIONAREA 10.0SQMl 

................................................................................................................................... 
* * 

4 * 
/ .......................................................................................... 

A MON HRMN ORD FLOW * DA MON HRMN ORD FLOW * DA MON HRMN ORD FLW * DA MON HRMN ORD FLOW 
* * * 

1 JAN 0000 1 0. * 1 JAN 0730 76 321. * 1 JAN 1500 151 5154. * 1 JAN 2230 226 245. 
1 JAN 0006 2 0. * 1JAN0736 77 324. 1 JAN 1506 152 4304. * 1 JAN 2236 227 242. 
1 JAN 0012 3 0. * 1 JAN 0742 78 328. * 1 JAW 1512 153 3607. * 1 JAN 2242 228 240. 
1 JAN 0018 4 0. * 1 JAN 0748 79 331. 1JAN1518 154 3042. * 1JAN2248 229 238. 



1 JAN 0024 
1 JAN 0030 
1 JAN 0036 
1 JAN 0042 

JAN 0054 
JAN 0100 

1 JAN 0106 
1 JAN 0112 
1 JAN 0118 
1 JAN 0124 
1 JAN 0130 
1 JAN 0136 
1 JAN 0142 
1 JAN 0148 
1 JAN 0154 
1 JAN 0200 
1 JAN 0206 
1 JAN 0212 
1 JAN 0218 
1 JAN 0224 
1 JAN 0230 
1 JAN 0236 
1 JAN 0242 
1 JAN 0248 
1 JAN 0254 
1 JAN 0300 
1 JAN 0306 
1 JAN 0312 
1 JAN 0318 
1 JAN 0324 
1 JAN 0330 

JAN 0342 

1 JAN 0354 
1 JAN 0400 
1 JAN 0406 
1 JAN 0412 
1 JAN 0418 
1 JAN 0424 
1 JAN 0430 
1 JAN 0436 
1 JAN 0442 
1 JAN 0448 
1 JAN 0454 
1 JAN 0500 
1 JAN 0506 
1 JAN 0512 
1 JAN 0518 
1 JAN 0524 
1 JAN 0530 
1 JAN 0536 
1 JAN 0542 
1 JAN 0548 
1 JAN 0554 
1 JAM 0600 
1 JAN 0606 
1 JAN 0612 
1 JAN 0618 

JAN 0630 

1 JAN 0642 
1 JAN 0648 
1 JAN 0654 

1 JAN 0754 
1 JAN 0800 

* 1 JAN 0806 
* 1 JAN 0812 

lJAN0818 
1 JAN 0824 

* 1 JAN 0830 
1 JAN 0836 

* 1 JAN 0842 
1 JAN 0848 
1 JAN 0854 

* 1 JAN 0900 
* 1 JAN 0906 
* 1JAN0912 
* 1JANW18 

1 JAN 0924 
1 JAN 0930 

* 1 JAN 0936 
1 JAN 0942 

* 1 JAN 0948 
* 1 JAN 0954 

1 JAN 1000 
* 1 JAN 1006 

1 JAN 1012 
* 1 JAN 1018 
* 1 JAN 1024 
* 1 JAN 1030 
* 1 JAN 1036 

1 JAN 1042 
* 1 JAN 1048 
* 1 JAN 1054 
* 1JAN1100 

1 JAN1106 
* 1 JAN 1112 
* 1 JAN 1118 
* 1JAN1124 

1 JAN 1130 
* 1 JAN 1136 
* l J A N l 1 4 2  
* 1 JAN 1148 

1 JAN 1154 
1 JAN 1200 

* 1 JAN 1206 
* 1 JAN 1212 

1JAN1218 
1 JAN 1224 
1 JAN 1230 

* 1JAN1236 
* 1 JAN 1242 
* 1 JAN 1248 
* 1 JAN 1254 

1 JAN 1300 
* 1 JAN 1306 
* 1 JAN 1312 

1 JAN 1318 
1 JAN 1324 

* 1 JAN 1330 
* 1 JAN 1336 
* 1 JAN 1342 
* 1 JAN 1348 
* 1 JAN 1354 

1 JAN 1400 
1 JAN 1406 

* 1 JAN 1412 
* 1 JAN 1418 

1 JAN 1424 

* lJAN1524 
* 1 JAN 1530 
* 1 JAN 1536 

lJAN1542 
* 1 JAN 1548 

1 JAN 1554 
* 1 JAN 1600 
* 1 JAN 1606 
* 1 JAN 1612 
* 1 JAN 1618 
* 1 JAN 1624 
* 1 JAN 1630 
* 1 JAN 1636 
* 1 JAN 1642 
* 1 JAN 1648 
* 1 JAN 1654 
* 1 JAN 1700 
* 1JAN1706 

1JAN1712 
* l J A N l 7 1 8  
* 1 JAN 1724 
* 1 JAN 1730 
* 1 JAN 1736 
* 1 JAN 1742 
* 1 JAN 1748 
* 1JANl754 
* 1 JAN 1800 

1 JAN 1806 
1 JAN 1812 

* 1 JAN 1818 
* 1 JAN 1824 
* 1JAN1830 
* 1JANl836 
* lJAN1842 
* 1 JAN 1848 
* 1 JAN 1854 
* 1 JAN 1900 
* 1 JAN 1906 

1 JAN 1912 
* 1 JAN 1918 
* 1 JAN 1924 

1 JAN 1930 
* 1JAN1936 
* 1 JAN 1942 
* 1 JAN 1948 
* 1 JAN 1954 

1 JAN 2000 
* 1 JAN 2006 

1 JAN 2012 
* 1 JAN 2018 
* 1 JAN 2024 
* 1 JAN 2030 
* 1 JAN 2036 
* 1 JAN 2042 
* 1 JAN 2048 
* 1 JAN 2054 

1 JAN 2100 
* 1JAN2106 
* lJAN2112 

1JAN2118 
1 JAN 2124 

* 1 JAN 2130 
* 1JAN2136 

1 JAN 2142 
* 1 JAN 2148 
* 1 JAN 2154 

1 JAN 2254 230 
1 JAN 2300 231 

* 1 JAN 2306 232 
* 1 JAN 2312 233 
* 1 JAN2318 234 
* 1 JAN 2324 235 
* 1 JAN 2330 236 

1 JAN 2336 237 
* 1 JAN 2342 238 
* 1 JAN 2348 239 
* 1 JAN 2354 240 
* 2 JAN 0000 241 
* 2 JAN 0006 242 
* 2 JAN 0012 243 
* 2 JAN 0018 244 
* 2 JAN 0024 245 

2 JAN 0030 246 
2 JAN 0036 247 

* 2 JAN 0042 248 
* 2 JAN 0048 249 

2 JAN 0054 * 250 
* 2 JAN 0100 251 
* 2 JAN 0106 252 
* 2 JAN 0112 253 
* 2 JAN 0118 254 

2 JAN 0124 255 
* 2 JAN 0130 256 
* 2 JAN 0136 257 
* 2 JAN 0142 258 
* 2 JAN 0148 259 
* 2 JAN 0154 260 
* 2 JAN 0200 261 
* 2 JAN 0206 262 

2 JAN 0212 263 
* 2JAN0218 264 

2 JAN 0224 265 
* 2 JAN 0230 266 

2 JAN 0236 267 
* 2 JAN 0242 268 
* 2 JAN 0248 269 
* 2 JAN 0254 270 
* 2 JAN 0300 271 
* 2 JAN 0306 272 

2JAN0312 273 
* 2 JAN 0318 274 
* 2 JAN 0324 275 
* 2 JAN 0330 276 
* 2 JAN 0336 277 
* 2 JAN 0342 278 
* 2 JAN 0348 279 
* 2 JAN 0354 280 
* 2 JAN 0400 281 
* 2 JAN 0406 282 
* 2 JAN 0412 283 

2 JAN 0418 284 
* 2 JAN 0424 285 
* 2 JAN 0430 286 
* 2 JAN 0436 287 
* 2 JAN 0442 288 
* 2 JAN 0448 289 
* 2 JAN 0454 290 
* 2 JAN 0500 291 
* 2 JAN 0506 292 
* 2 JAN 0512 293 
* 2 JAN 0518 294 
* 2 JAN 0524 295 



1 JAN 0700 71 308. * 1 JAN 1430 146 11505. 1 JAN 2200 221 266. 2 JAN 0530 296 0. 
1 JAN 0706 72 310. 1 JAN 1436 147 10093. * 1 JAN 2206 222 . 261. * 2 JAN 0536 297 0. 
1 JAN 0712 73 312. * lJAN1442 148 8679. 1JAN2212 223 256. * 2 JAN 0542 298 0. 
1 JAY 0718 74 315. * 1 JAN 1448 149 7353. 1 JAN 2218 224 252. * 2 JAN 0548 299 0. 

JAN 0724 75 318. * 1 JAN 1454 150 6170. * 1 JAN 2224 225 248. * 2 JAN 0554 300 0. 
* * * 

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

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6- HR 24-HR 72-HR 29.90-HR 
14857. 14.10 (CFS) 5000. 1482. 1193. 1193. 

(INCHES) 2.024 2.400 2.407 2.407 
(AC-FT) 2479. 2940. 2949. 2949. 

WLATIVE AREA = 22.97 SP M I  

HYDROGRAPH AT CO-12 
i 

TRANSPOSlTlONAREA 20.0SQMI 

DA MON HRMN 

1 JAN 0000 
1 JAN 0006 
1 JAN 0012 
1 JAN 0018 
1 JAN 0024 
1 JAN 0030 

1 JAN 0054 
1 JAN 0100 
1 JAN 0106 
1 JAN 0112 
1 JAN 0118 
1 JAN 0124 
1 JAN 0130 
1 JAN 0136 
1 JAN 0142 
1 JAN 0148 
1 JAN 0154 
1 JAN 0200 
1 JAN 0206 
1 JAN 0212 
1 JAN 0218 
1 JAN 0224 
1 JAN 0230 
1 JAN 0236 
1 JAN 0242 
1 JAN 0248 
1 JAN 0254 
1 JAN 0300 
1 JAN 0306 
1 JAN 0312 
1 JAN 0318 
1 JAN 0324 
1 JAN 0330 
1 JAN 0336 

1 1 JAN 0342 
1 JAN 0348 
1 JAN 0354 

ORD FLOW 

* 
* DA MON HRMN ORD 
* 

1 JAN 0730 76 
* 1 JAN 0736 77 

1 JAN 0742 78 
1 JAN 0748 79 

* 1 JAN 0754 80 
1JAN0800 81 
1 JAN 0806 82 

* 1 JAN 0812 83 
1 JAN 0818 84 

* 1 JAN 0824 85 
* 1 JAN 0830 86 
* 1 JAN 6836 87 
* 1 JAN 0842 88 
* 1 JAN 0848 89 
* 1 JAN 0854 90 

1 JAN 0900 91 
* 1 JAN 0906 92 
* 1 JAN 0912 93 

1 JAN 0918 94 
* 1 JAN 0924 95 
* lJAN0930 96 

1 JAN 09% 97 
1 JAN 0942 98 

* 1 JAN 0948 99 
1 JAN 0954 100 
1 JAN1000 101 
1 JAN1006 102 

* 1 JAN 1012 103 
* 1 JAN 1018 104 
* 1 JAN 1024 105 
* 1 JAN 1030 106 

1 JAN 1036 107 
* 1 JAN 1042 108 
* 1 JAN 1048 109 
* 1 JAN1054 110 
* 1 JAN 1100 111 

1 JAN 1106 112 
1 JAN 1112 113 

* 1 JAN1118 114 
1 JAN 1124 115 

FLOW 

* 
* DA MON HRMN 
* 
* 1 JAN 1500 

1JAN15W 
* 1 JAN 1512 
* 1 JAN 1518 

1 JAN 1524 
1 JAN 1530 
1 JAN 1536 

* 1 JAN 1542 
* 1 JAN 1548 
* 1 JAN 1554 

1JAN1600 
* IJAN1606 

1 JAN 1612 
* 1 JAN 1618 
* 1 JAN 1624 
* 1 JAN 1630 
* 1JAN1636 

1 JAN 1642 
* 1 JAN 1648 
* 1 JAN 1654 

1 JAN 1700 
lJAN1706 

* 1JAN1712 
* 1JAN1718 
* 1 JAN 1724 
* 1JAN1730 
* 1JAN1736 
* 1 JAN 1742 
* 1 JAN 1748 
* 1 JAN 1754 
* 1 JAN 1800 

1 JAN 1806 
* 1 JAN 1812 
* lJAN1818 
* 1 JAN 1824 
* 1 JAN 1830 
* lJAN1836 
* 1 JAN 1842 
* 1 JAN 1848 

1 JAN 1854 

ORD 

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

* 
FLOW DA MON HRMN 

* 
* 1 JAN 2230 
* 1 JAN 2236 
* 1 JAN 2242 
* 1 JAN 2248 
* 1 JAN 2254 
* 1 JAN 2300 
* 1 JAN 2306 

1JAN2312 
* 1 JAN 2318 
* 1 JAN 2324 
* 1 JAN 2330 
* 1 JAN 2336 
* 1 JAN 2342 
* 1 JAN 2348 

1 JAN 2354 
2 JAN 0000 

* 2 JAN 0006 
* 2 JAN 0012 
* 2 JAN 0018 
* 2 JAN 0024 
* 2 JAN 0030 
* 2 JAN 0036 
* 2 JAN 0042 
* 2 JAN 0048 

2 JAN 0054 
* 2 JAN 0100 
* 2JAN0106 
* 2 JAN 0112 
* 2 JAN 0118 
* 2 JAN 0124 
* 2 JAN 0130 
* 2 JAN 0136 
* 2 JAN 0142 
* 2JAN0148 

2 JAN 0154 
* 2 JAN 0200 
* 2 JAN 0206 
* 2JAN0212 
* 2JAN0218 
* 2 JAN 0224 

226 237. 
227 234. 
228 232. 
229 230. 
230 229. 
23 1 228. 
232 227. 
233 226. 
234 226. 
235 225. 
236 225. 
237 225. 
238 225. 
239 225. 
240 224. 
24 1 224. 
242 224. 
243 224. 
244 224. 
245 224. 
246 223. 
247 222. 
248 221. 
249 218. 
250 215. 
25 1 211. 
252 206. 
253 200. 
254 193. 
255 186. 
256 in. 
257 168. 
258 157. 
259 146. 
260 134. 
261 121. 
262 107. 
263 93. 
264 80. 
265 67. 



1 JAN 0400 
1 JAN 0406 
1 JAN 0412 
1 JAN 0418 * JAN 0424 

JAN 0430 
JAN 0436 

1 JAN 0442 
1 JAN 0448 
1 JAN 0454 
1 JAN 0500 
1 JAN 0506 
1 JAN 0512 
1 JAN 0518 
1 JAN 0524 
1 JAN 0530 
1 JAN 0536 
1 JAN 0542 
1 JAN 0548 
1 JAN 0554 
1 JAN 0600 
1 JAN 0606 
1 JAN 0612 
1 JAN 0618 
1 JAN 0624 
1 JAN 0630 
1 JAN 0636 
1 JAN 0642 
1 JAN 0648 
1 JAN 0654 
1 JAN 0700 
1 JAN 0706 

JAN 0718 

* 1 JAN 1130 
* 1 JAN 1136 
* 1 JAN 1142 
* 1 JAN1148 
* 1JAN1154 

1 JAN 1200 
1 JAN 1206 

* 1 JAN 1212 
* 1 JAN 1218 

1 JAN 1224 
* 1 JAN 1230 
* 1 JAN 1236 
* 1 JAN 1242 

1 JAN 1248 
* 1 JAN 1254 
* 1 JAN 1300 
* 1 JAN 1306 
* 1 JAN 1312 
* 1 JAN 1318 
* 1 JAN 1324 
* 1 JAN 1330 
* 1 JAN 1336 
* 1 JAN 1342 
* 1 JAN 1348 
* 1 JAN 1354 
* 1 JAN 1400 
* 1 JAN 1406 
* 1 JAN 1412 
* 1 JAN 1418 

1 JAN 1424 
* 1 JAN 1430 
* 1 JAN 1436 

1 JAN 1442 
* 1 JAN 1448 

1 JAN 1454 
* 

* 1 JAN 1900 
* 1JANlOOb 

1 JAN 1912 
1 JAN 1918 

* 1 JAN 1924 
1 JAN 1930 
1 JAN 1936 

* 1JAN1942 
1 JAN 1948 

* 1 JAN 1954 
1 JAN 2000 

* 1 JAN 2006 
* 1 JAN 2012 

1JANM18 
* 1 JAN 2024 
* 1 JAN 2030 

1JAN2036 
* 1 JAN 2042 
* 1 JAN 2048 
* 1 JAN 2054 
* 1 JAN 2100 
* lJAW2106 

lJAWZl l2 
* 1JAN2118 

1 JAN 2124 
* 1 JAN 2130 
* 1 JAN 2136 
* 1 JAN 2142 
* 1 JAN 2148 
* 1 JAN 2154 
* 1 JAN 2200 

1 JAN 2206 
* 1 JAN 2212 
* lJAN2218 

1 JAN 2224 

2 JAN 0230 266 
* 2 JAN 0236 267 
* 2 JAN 0242 268 
* 2 JAN 0248 269 
* 2 JAN 0254 270 

2 JAN 0300 271 
* 2 JAN 0306 272 
* 2JAN0312 273 
* 2JAN0318 274 
* 2 JAN 0324 275 
* 2 JAN 0330 276 
* 2 JAN 0336 277 

2 JAN 0342 278 
* 2 JAN 0348 279 
* 2 JAN 0354 280 
* 2 JAN 0400 281 
* 2 JAN 0406 282 
* 2JAN0412 283 
* 2JAN0418 284 
* 2 JAN 0424 285 

2 JAN 0430 286 
* 2 JAN 0436 287 
* 2 JAN 0442 288 
* 2 JAN 0448 289 
* 2 JAN 0454 290 

2 JAN 0500 291 
* 2 JAN 0506 292 

2JAN0512 293 
2 JAN 0518 294 
2 JAN 0524 295 
2 JAN 0530 296 

* 2 JAN 0536 297 
* 2 JAN 0542 298 

2 JAN 0548 299 
* 2 JAN 0554 300 
* 

PEAKFLOW TIME WIW AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 29.90-HR 
14292. 14.10 (CFS) 4806. 1426. 1148. 1148. 

(INCHES) 1.945 2.309 2.316 2.316 
(AC-FT) 2383. 2829. 2838. 2838. 

CUMULATIVE AREA = 22.97 SQ HI 

HYDROGRAPH AT CO-12 
TRANSPOSITIONAREA 30.0SQHI 

DA HON HRHN OR0 FLOW * DA HON HRMN ORD FLOW * DA HCU HRMN ORD FLOW * DA MON HRMN ORD FLW 
* * 

1 JAN 0000 1 0. * 1 JAN 0730 76 304. 
1 JAN 0006 2 0. * 1 JAN 0736 77 307. 
1 JAN 0012 3 0. * 1 JAN 0742 78 310. 
1 JAN 0018 4 0. * 1 JAN 0748 79 314. 
1 JAN 0024 5 0. * 1 JAN 0754 80 318. 

: .: :: ig t 0. 0. * * 1 1JAN0806 JAN 0800 82 81 326. 322. 

f 1 JAN 0042 8 1. * 1 JAN0812 83 331. 
1 JAN 0048 9 2. * 1 JAN 0818 84 335. 
1 JAN 0054 10 4. * 1 JAN 0824 85 340. 

1JANlSOO 
* 1 JAN 1506 

1 JAN 1512 
* 1 JAN 1518 

1JAN1524 
* 1 JAN 1530 
* 1 JAN 1536 
* 1 JAN 1542 
* 1 JAN 1568 
* 1 JAN 1554 

1 JAN 2230 
* 1 JAN 2236 
* 1 JAN 2242 

1 JAN 2248 
* 1 JAN 2254 
* 1 JAN 2300 
* 1 JAN 2306 

1 JAN 2312 
* lJAN2318 

1 JAN 2324 



1 JAN 0100 
1 JAN 0106 
1 JAN 0112 
1 JAN 0118 

JAN 0130 
JAN 0136 

1 JAN 0142 
1 JAN 0148 
1 JAN 0154 
1 JAN 0200 
1 JAN 0206 
1 JAN 0212 
1 JAN 0218 
1 JAN 0224 
1 JAN 0230 
1 JAN 0236 
1 JAN 0242 
1 JAN 0248 
1 JAN 0254 
1 JAN 0300 
1 JAN 0306 
1 JAN 0312 
1 JAN 0318 
1 JAN 0324 
1 JAN 0330 
1 JAN 0336 
1 JAN 0342 
1 JAN 0348 
1 JAN 0354 
1 JAN 0400 
1 JAN 0406 

JAN 0418 

1 JAN 0430 
1 JAN 0436 
1 JAN 0442 
1 JAN 0448 
1 JAN 0454 
1 JAN 0500 
1 JAN 0506 
1 JAN 0512 
1 JAN 0518 
1 JAN 0524 
1 JAN 0530 
1 JAN 0536 
1 JAN 0542 
1 JAN 0548 
1 JAN 0554 
1 JAN 0600 
1 JAN 0606 
1 JAN 0612 
1 JAN 0618 
1 JAN 0624 
1 JAN 0630 
1 JAN 0636 
1 JAN 0642 
1 JAN 0648 
1 JAN 0654 
1 JAN 0700 e 1 1 JAN JAN 0706 0712 

1 JAN 0718 
1 JAN 0724 

* 1 JAN 0830 
* 1 JAN 08% 

1 JAN 0842 
* 1 JAN 0848 
* 1 JAN 0854 
* 1 JAN 0900 
* 1 JAN 0906 
* 1 JAN 0912 
* 1JAN0918 
* 1 JAN 0924 
* 1 JAN 0930 
* 1 JAN 0936 
* 1 JAN 0942 
* 1 JAN 0948 
* 1 JAN 0954 
* 1 JAN 1000 
* lJAN1006 
* 1 JAN 1012 
* 1 JAN 1018 
* 1 JAN J024 
* 1 JAN 1030 
* 1 JAN 1036 
* 1JAN1042 
* 1 JAN 1048 
* 1 JAN 1054 
* 1 JAN 1100 
* lJAN1106 
* 1 JAN 1112 
* $JAN1118 
* lJAN1124 
* 1 JAN 1130 
* 1JAN1136 
* 1 JAN 1142 
* 1 JAN 1148 
* 1 JAN 1154 

1 JAN 1200 
* 1 JAN 1206 
* 1 JAN 1212 
* 1 JAN 1218 
* 1 JAN 1224 
* 1 JAN 1230 

1 JAN 1236 
* 1 JAN 1242 
* 1 JAN 1248 
* 1 JAN 1254 
* 1 JAN 1300 
* 1 JAN 1306 
* 1 JAN 1312 
* 1 JAN 1318 

lJAN1324 
* 1JAN1330 
* 1JAN1336 
* 1 JAN 1342 
* 1JANl348 
* 1 JAN 1354 
* 1 JAN 1400 
* 1 JAN 1406 
* 1 JAW 1412 
* 1 JAN 1418 
* 1 JAN 1424 
* 1 JAN 1430 
* 1 JAN 1436 
* 1 JAN 1442 
* 1 JAN 1448 
* 1 JAN 1454 
* 

* 1 JAN 1600 
* 1 JAN 1606 
* 1JAN1612 
* 1 JAN 1618 
* 1 JAN 1624 
* 1 JAN 1630 
* lJAN1636 
* 1 JAN 1642 
* 1 JAN 1648 
* 1 JAN 1654 
* 1 JAN 1700 
* 1 JAN 1706 
* 1JAN1712 
* 1 JAN 1718 
* 1 JAN 1724 
* 1 JAN 1730 
* 1JAN1736 
* 1 JAN 1742 
* 1 JAN 1748 
* 1 JAN l E 4  
* 1 JAN 1800 
* 1 JAN 1806 
* 1 JAN 1812 
* 1 JAN 1818 
* 1JAN1824 

1 JAN 1830 
* l J A N l 8 3 6  
* 1JAN1842 
* 1 JAN 1848 
* 1 JAN 1854 
* 1 JAN 1900 
* 1 JAN 1906 
* 1 JAN 1912 
* 1 JAN 1918 
* 1 JAN 1924 
* 1 JAN 1930 
* 1JAN1936 
* 1 JAN 1942 
* 1 JAN 1948 
* 1 JAN 1954 
* 1 JAN 2000 
* 1 JAN 2006 

1 JAN 2012 
1 JAN 2018 

* 1 JAN 2024 
1 JAN 2030 
1 JAN 2036 

* 1 JAN 2042 
1 JAN 2048 
1 JAN 2054 

* 1 JAN 2100 
* 1 JAN 2106 
* 1 JAN2112 
* 1 JAN 2118 
* lJAN2124 
* 1 JAN 2130 
* 1 JAN 2136 
* 1 JAN 2142 
* 1 JAN 2148 

1 JAN 2154 
* 1 JAN 2200 
* 1 JAN 2206 
* 1 JAN 2212 
* 1 JAN 2218 
* 1 JAN 2224 
* 

* 1 JAN 2330 
* 1 JAN 2336 
* 1 JAN 2342 
* 1 JAN 2348 

1 JAN 2354 
* 2 JAN 0000 

2 JAN 0006 
* 2 JAN 0012 
* 2 JAN 0018 

2 JAN 0024 
2 JAN 0030 

* 2 JAN 0036 
* 2 JAN 0042 

2 JAN 0048 
2 JAN 0054 

* 2JANOlOO 
* 2JAN0106 
* 2JAN0112 

2 JAN 0118 
* 2 JAN 0124 
* 2 JAN 0130 
* 2 JAN 0136 
* 2 JAN 0142 

2JAN0168 
* 2 JAN 0154 
* 2 JAN 0200 
* 2 JAN 0206 
* 2 JAN 0212 
* 2JAN0218 
* 2 JAN 0224 
* 2 JAN 0230 

2 JAN 0236 
* 2 JAN 0242 
* 2 JAN 0248 

2 JAN 0254 
2 JAN 0300 

* 2 JAN 0306 
* 2JAN0312 
* 2 JAN 0318 
* 2 JAN 0324 
* 2 JAN 0330 
* 2 JAN 0336 
* 2 JAN 0342 
* 2 JAN 0348 
* 2 JAN 0354 
* 2 JAN 0400 
* 2 JAN 0406 
* 2JAN0412 
* 2 JAN 0418 
* 2 JAN 0424 

2 JAN 0430 
* 2 JAN 0436 
* 2 JAN 0442 

2 JAN 0448 
2 JAN 0454 
2 JAN 0500 

* 2 JAN 0506 
* 2JAN0512 
* 2JAN0518 
* 2 JAN 0524 

2 JAN 0530 
* 2 JAN 0536 
* 2 JAN 0542 
* 2 JAN 0548 
* 2 JAN 0554 
* 



PEAK FLOW TIME M X I W  AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 29.90-HR 
'7929. 14.10 (CFS) 4682. 1390. 1119. 1119. 

(INCHES) 1.895 2.251 2.258 2.258 
(AC-FT) 2322. 2758. 2766. 2766. 

WLATIVE AREA = 22.97 SP M I  

HYDROGRAPH AT CO-12 
TRANSPOSITION AREA 40.0 SQ HI 

................................................................................................................................... 
* * * 

DA MON HRMN ORD FLOW DA MON HRMN ORD FLOW * DA MW HRMN OR0 FLOW * DA MON HRMN ORD FLOW 
* * 

1 JAN 0000 
1 JAN 0006 
1 JAN 0012 
1 JAN 0018 
1 JAN 0024 
1 JAN 0030 
1 JAN 0036 
1 JAN 0042 
1 JAN 0048 
1 JAN 0054 
1 JAN 0100 
1 JAN 0106 
1 JAN 0112 

JAN 0118 
1 JAN 0124 
1 JAN 0130 
1 JAN 0136 
1 JAN 0142 
1 JAN 0148 
1 JAN 0154 
1 JAN 0200 
1 JAN 0206 
1 JAN 0212 
1 JAN 0218 
1 JAN 0224 
1 JAN 0230 
1 JAN 0236 
1 JAN 0242 
1 JAN 0248 
1 JAN 0254 
1 JAN 0300 
1 JAN 0306 
1 JAN 0312 
1 JAN 0318 
1 JAN 0324 
1 JAN 0330 
1 JAN 0336 
1 JAN 0342 
1 JAN 0348 
1 JAN 0354 

JAN 0406 

4 1 JAN 0418 
1 JAN 0424 
1 JAN 0430 

* 1 JAN 0730 
* 1 JAN 0736 
* 1 JAN 0742 
* 1 JAN 0748 
* 1 JAN 0754 
* 1 JAN 0800 

1 JAN 0806 
* 1JAN0812 
* 1 JAN 0818 
* 1 JAN 0824 

1 JAW 0830 
* 1 JAN 0836 

1 JAN 0842 
* 1 JAN 0848 
* 1 JAN 0854 

1 JAN 0900 
* 1 JAN 0906 
* 1 JAN 0912 

1 JAN 0918 
1 JAN 0924 

* 1 JAN 0930 
* 1 JAN 0936 

1 JAN 0942 
* 1 JAN 0948 
* 1 JAN 0954 

1 JAN 1000 
* 1 JAN 1006 
* 1 JAN 1012 
* 1 JAN 1018 

1 JAN 1024 
* 1 JAN 1030 
* 1 JAN 1036 
* 1JAN1042 
* 1 JAN 1048 
* 1 JAN 1054 
* 1 JAN 1100 
* 1 JAN1106 
* 1 JAN 1112 

lJAN1118 
* ?JAN1124 
* 1 JAN 1130 

1 JAN1136 
* 1 JAN1142 
* 1 JAN 1148 
* 1JAN1154 
* 1 JAN 1200 

1 JAN 1500 
* 1 JAN 1506 
* 1 JAN 1512 
* 1 JAN 1518 
* 1 JAN 1524 
* 1 JAN 1530 

1 JAN 1536 
* 1 JAN 1542 
* 1 JAN 1548 
* 1 JAN 1554 
* 1 JAN 1600 
* 1 JAN 1606 
* 1 JAN 1612 
* 1 JAN 1618 
* 1 JAN 1624 
* 1 JAN 1630 
* 1JANl636 
* 1 JAN 1642 
* 1 JAN 1648 
* 1 JAN 1654 
* 1 JAN 1700 
* 1 JAN 1706 
* lJAN1712 
* 1JAN1718 
* 1 JAN 1724 
* 1 JAN 1730 
* l J A N l 7 3 6  
* 1 JAN 1742 
* 1 JAN 1748 
* 1 JAN 1754 
* 1 JAN 1800 
* 1 JAN 1806 

lJAN1812 
* 1 JAN 1818 
* 1 JAN 1824 
* 1 JAN 1830 
* 1 JAN 1836 
* 1JAN1842 
* 1JAN1848 

1 JAN 1854 
* 1 JAN 1900 

1 JAN 1906 
* 1 JAN 1912 
* 1 JAN 1918 
* 1 JAN 1924 
* 1 JAN 1930 

1 JAN 2230 226 
* 1 JAN 2236 227 
* 1 JAN 2242 228 
* 1 JAN 2248 229 
* 1 JAN 2254 230 
* 1 JAN 2300 231 
* 1 JAN 2306 232 
* lJAN2312 233 
* 1 JAN 2318 234 
* 1 JAN 2324 235 
* 1 JAN 2330 236 
* 1 JAN 2336 237 
* 1 JAN 2342 238 
* 1 JAN 2348 239 
* 1 JAN 2354 240 

2 JAN 0000 241 
* 2 JAN 0006 242 
* 2 JAN 0012 243 

2JAN0018 244 
* 2 JAN 0024 245 

2 JAN 0030 246 
* 2 JAN 0036 247 
* 2 JAN 0042 248 
* 2 JAN 0048 249 
* 2 JAN 0054 250 
* ZJANOlOO 251 
* 2 JAN 0106 252 
* 2JAN0112 253 
* 2JAN0118 254 
* 2 JAN 0124 255 
* 2 JAN 0130 256 

2JAN0136 257 
* 2 JAN 0142 258 

2JAN0148 259 
* 2 JAN 0154 260 
* 2 JAN 0200 261 
* 2 JAN 0206 262 

2 JAN 0212 263 
* 2 JAN 0218 264 
* 2 JAN 0224 265 
* 2 JAN 0230 266 
* 2 JAN 0236 267 
* 2 JAN 0242 268 
* 2 JAN 0248 269 
* 2 JAN 0254 270 
* 2 JAN 0300 271 



1 JAN 0436 
1 JAN 0442 
1 JAN 0448 
1 JAN 0454 
1 JAN 0500 ot 'JAN 0506 

JAN 0512 
1 JAN 0518 
1 JAN 0524 
1 JAN 0530 
1 JAN 0536 
1 JAN 0542 
1 JAN 0548 
1 JAN b554 
1 JAN 0600 
1 JAN 0606 
1 JAN 0612 
1 JAN 0618 
1 JAN 0624 
1 JAN 0630 
1 JAN 0636 
1 JAN 0642 
1 JAN 0648 
1 JAN 0654 
1 JAN 0700 
1 JAN 0706 
1 JAN 0712 
1 JAN 0718 
1 JAN 0724 

1 JAN 1206 122 
* 1 JAN 1212 123 
* 1 JAN 1218 124 
* 1 JAN 1224 125 
* lJAN123O 126 
* 1 JAN 1236 127 
* 1 JAN 1242 128 
* 1 JAN1248 129 
* 1 JAN 1254 130 
* 1 JAN1300 131 
* 1 JAN1306 132 
* 1 JAN 1312 133 
* 1 JAN 1318 134 
* 1 JAN 1324 135 
* 1 JAN 1330 136 
* 1JANl336 137 
* 1 JAN1342 138 
* 1JAN1348 139 
* 1 JAN1354 140 
* 1 JAN1400 141 
* 1 JAN1406 142 
* 1 JAN 1412 143 
* 1 JAN 1418 144 
* 1 JAN1424 145 
* 1 JAN 1430 146 
* 1 JAN 1436 147 
* 1 JAN1442 148 
* 1 JAN1448 149 
* 1 JAN 1454 150 
* 

* 1 JAN 1936 197 
1 JAN1942 198 

* 1 JAN 1948 199 
* 1 JAN 1954 200 
* 1 JAN ZOOO 201 
* 1 JAN 2006 202 
* 1 JAN 2012 203 
* 1 JAN 2018 204 

1 JAN 2024 205 
* 1 JAN 2030 206 
* 1 JAN 2036 207 
* 1 JAN 2042 208 
* lJAN2048 209 
* 1 JAN2056 210 
* 1 JAN 2100 211 
* 1 JAN 2106 212 
* 1 JAN 2112 213 
* 1 JAN 2118 214 
* 1 JAN 2124 215 
* 1 JAN 2130 216 
* 1 JAN 2136 217 
* 1 JAN 2142 218 
* 1 JAN 2148 219 
* 1 JAN 2154 220 
* 1 JAN 2200 221 
* 1 JAN 2206 222 
* 1 JAN 2212 223 
* 1 JAN2218 224 
* 1 JAN 2224 225 
* 

2 JAN 0306 
* 2JAN0312 

2 JAN 0318 
2 JAN 0324 

* 2 JAN 0330 
2 JAN 0336 
2 JAN 0342 

* 2 JAN 0348 
* 2 JAN 0354 
* 2 JAN 0400 
* 2 JAN 0406 
* 2JAN04lZ 
* 2 JAN 0418 
* 2 JAN 0424 
* 2 JAN 0430 
* 2 JAN 0436 

2 JAN 0442 
* 2 JAN 0448 
* 2 JAN 0454 
* 2 JAN 0500 

2 JAN 0506 
* 2JAN0512 
* 2JAN0518 
* 2 JAN 0524 
* 2 JAN 0530 
* 2 JAN 0536 

2 JAN 0542 
* 2 JAN 0548 
* 2 JAN 0554 
* 

TIME 
@F:;w (HR) 

WIMII( AVERAGE FLOW 
6-HR 24-HR 72-HR 29.90-HR 

3768. 14.10 (CFS) 4628. 1375. 1107. 1107. 
(INCHES) 1.873 2.226 2.232 2.232 

(AC-FT) 2295. 2726. 2735. 2735. 

CUMULATIVE AREA = 22.97 SQ MI 

INTERPOLATED HYDROGRAPH AT CO-12 

DA RON HRUN 

1 JAN 0000 
1 JAN 0006 
1 JAN 0012 
1 JAN 0018 
1 JAN 0024 
1 JAN 0030 
1 JAN 0036 
1 JAN 0042 
1 JAN 0048 
1 JAN 0054 
1 JAN 0100 
1 JAN 0106 

i@ 1 1 JAN JAN 0112 0118 

1 JAN 0124 
1 JAN 0130 

' 1 JAN 0136 

ORD FLOW 

1 0. 
2 0. 
3 0. 
4 0. 
5 0. 
6 0. 
7 0. 
8 1. 
9 2. 

10 4. 
11 6. 
12 10. 
13 14. 
14 20. 
15 26. 
16 33. 
17 41. 

* DA RON HRHN 
* 
* 1 JAN 0730 
* 1 JAN 0736 
* 1 JAN 0742 
* 1 JAN 0748 
* 1 JAN 0754 
* 1 JAN 0800 

1 JAN 0806 
* 1 JAN 0812 
* 1 JAN 0818 
* 1 JAN 0824 
* 1 JAN 0830 
* 1 JAN 0836 
* 1 JAN 0842 
* 1 JAN 0868 
* 1 JAN 0854 

1 JAN 0900 
1 JAN 0% 

ORD 

76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 

FLOW 

308. 
311. 
315. 
318. 
322. 
326. 
331. 
336. 
340. 
345. 
349. 
353. 
357. 
360. 
364. 
367. 
370. 

* DA RON HRHN 

* 1 JAN 1500 
* 1 JAN 1506 
* 1 JAN 1512 
* 1 JAN 1518 
* 1 JAN 1524 
* 1 JAN 1530 
* 1 JAN 1536 
* 1 JAN 1542 
* 1 JAN 1548 
* lJAN1554 
* 1 JAN 1600 
* 1 JAN 1606 
* 1JAN1612 
* 1 JAW 1618 
* 1 JAN 1624 

1 JAN 1630 
* 1 JAN 1636 

FLOW 

4895. 
4087. 
3425. 
2889. 
2458. 
2111. 
1831. 
1604. 
1418. 
1265. 
1139. 
1 033. 
944. 
870. 
806. 
752. 
707. 

* DA RON HRHN 
* 
* 1 JAN 2230 

1 JAN 2236 
* 1 JAN 2242 
* 1 JAN 2248 
* 1 JAN 2254 
* 1 JAN 2300 
* 1 JAN 2306 
* 1JAN2312 

1 JAN 2318 
* 1 JAN 2324 
* 1 JAN 2330 
* 1 JAN 2336 
* 1 JAN 2342 
* 1 JAN 2348 
* 1 JAN 2354 
* 2 JAN 0000 
* 2 JAN 0006 

ORD 

226 
227 
228 
229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 



1 JAN 0142 
1 JAN 0148 
1 JAN 0154 
1 JAN 0200 

1 JAN 0224 
1 JAN 0230 
1 JAN 0236 
1 JAN 0242 
1 JAN 0248 
1 JAN 0254 
1 JAN 0300 
1 JAN 0306 
1 JAN 0312 
1 JAN 0318 
1 JAN 0324 
1 JAN 0330 
1 JAN 0336 
1 JAN 0342 
1 JAN 0348 
1 JAN 0354 
1 JAN 0400 
1 JAN 0406 
1 JAN 0412 
1 JAN 0418 
1 JAN 0424 
1 JAN 0430 
1 JAN 0436 
1 JAN 0442 
1 JAN 0448 

JAN 0500 

1 JAN 0512 
1 JAN 0518 
1 JAN 0524 
1 JAN 0530 
1 JAN 0536 
1 JAN 0542 
1 JAN 0548 
1 JAN 0554 
1 JAN 0600 
1 JAN 0606 
1 JAN 0612 
1 JAN 0618 
1 JAN 0624 
1 JAN 0630 
1 JAN 0636 
1 JAN 0642 
1 JAN 0648 
1 JAN 0654 
1 JAN 0700 
1 JAN 0706 
1 JAN 0712 
1 JAN 0718 
1 JAN 0724 

TIME 

(HR) 
14168. 14.10 (CFS) 

(INCHES) 
(AC-FT) 

1 JAN 0912 93 
1 JAN 0918 94 
1 JAN 0924 95 
1 JAN 0930 % 
1 JAN 0936 97 
1 JAN 0942 98 
1 JAN 0948 99 
1 JAN 0954 100 
1 JAN 1000 101 
1 JAN 1006 102 
1 JAN 1012 103 
1 JAN 1018 104 
1 JAN 1024 105 
1 JAN 1030 106 
1 JAN 1036 107 
1 JAN 1042 108 
1 JAN 1048 109 
1 JAN 1054 110 
1 JAN 1100 111 
1 JAN 1106 112 
1 JAN 1112 113 
1 JAN 1118 114 
1 JAN 1124 115 
1 JAN 1130 116 
1 JAN 1136 117 
1 JAN 1142 118 
1 JAN 1148 119 
1 JAN 1154 120 
1 JAN 1200 121 
1 JAN 1206 122 
1 JAN 1212 123 
1 JAN 1218 124 
1 JAN 1224 125 
1 JAN 1230 126 
1 JAN 1236 127 
1 JAN 1242 128 
1 JAN 1248 129 
1 JAN 1254 130 
1 JAN 1300 131 
1 JAN 1306 132 
1 JAN 1312 133 
1 JAN 1318 134 
1 JAN 1324 135 
1 JAN 1330 136 
1 JAN 1336 137 
1 JAN 1342 138 
1 JAN 1348 139 
1 JAN 1354 140 
1 JAN 1400 141 
1 JAN 1406 142 
1 JAN 1412 143 
1 JAN 1418 144 
1 JAN 1424 145 
1 JAN 1430 146 
1 JAN 1436 147 
1 JAN 1442 148 
1 JAN 1448 149 
1 JAN 1454 150 

HAXIMUn AVERAGE FLW 
6- HR 24-HR 72-HR 

4764. 1414. 1138. 
1.928 2.289 2.296 
2362. 2805. 2813. 

1 JAN 1642 168 
1 JAN 1648 169 
1 JAN 1654 170 
1 JAN 1700 171 
1 JAN 1706 in 
1 JAN 1712 173 
1 JAN 1718 174 
1 JAN 1724 115 
1 JAN 1730 176 
1 JAN 1736 177 
1 JAN 1742 178 
1 JAN 1748 119 
1 JAN 1754 180 
1 JAN 1800 181 
1 JAN 1806 182 
1 JAN 1812 183 
1 JAN 1818 184 
1 JAN 1824 185 
1 JAN 1830 186 
1 JAN 1836 187 
1 JAN 1842 188 
1 JAN 1848 189 
1 JAN 1854 190 
1 JAN 1900 191 
1 JAN 1906 192 
1 JAN 1912 193 
1 JAN 1918 1% 
1 JAN 1924 1% 
1 JAN 1930 1% 
1 JAN 1936 197 
1 JAN 1942 198 
1 JAN 1948 199 
1 JAN 1954 200 
1 JAN 2000 201 
1 JAN 2006 202 
1 JAN 2012 203 
1 JAN 2018 204 
1 JAN 2024 205 
1 JAN 2030 206 
1 JAN 2036 207 
1 JAN 2042 208 
1 JAN 2048 209 
1 JAN 2054 210 
1 JAN 2100 211 
1 JAN 2106 212 
1 JAN 2112 213 
1 JAN 2118 214 
1 JAN 2124 215 
1 JAN 2130 216 
1 JAN 2136 217 
1 JAN 2142 218 
1 JAN 2148 219 
1 JAN 2154 220 
1 JAN 2200 221 
1 JAN 2206 222 
1 JAN 2212 223 
1 JAN 2218 224 
1 JAN 2224 225 

667. * 2 JAN 0012 243 222. 
634. * 2 JAN 0018 244 222. 
605. * 2 JAN 0024 245 222. 
580. 2 JAN 0030 246 221. 
558. * 2 JAN 0036 247 221. 
540. * 2 JAN 0042 248 219. 
523. 2 JAN 0048 249 217. 
509. * 2 JAN 0054 250 214. 
4%. * 2JANOlOO 251 210. 
485. * 2JAN0106 252 205. 
4 7  * 2JAN0112 253 199. 
465. 2JAN0118 254 192. 
4 * 2 JAN 0124 255 184. 
4%. * %JAN0130 256 176. 
443. 2 JAN 0136 257 166. 
437. * 2 JAN 0142 258 156. 
431. 2 JAN 0148 259 145. 
425. * 2 JAN 0154 260 133. 
419. 2 JAN 0200 261 120. 
413. * 2 JAN 0206 262 106. 
406. * 2 JAN 0212 263 93. 
400. 2 JAN 0218 264 79. 
393. 2 JAN 0224 265 67. 
386. * 2 JAN 0230 266 55. 
380. * 2 JAN 0236 267 45. 
374. * 2 JAN 0242 268 36. 
368. * 2 JAN 0248 269 29. 
363. * 2 JAN 0254 270 23. 
357. * 2 JAN 0300 271 18. 
352. * 2 JAN 0306 272 14. 
347. * 2 JAN 0312 273 11. 
341. * 2 JAN 0318 274 9. 
336. * 2JAN0324 275 7. 
331. * 2 JAN 0330 276 5. 
326. * 2 JAN 0336 277 4. 
321. * 2 JAN 0342 278 3. 
317. * 2 JAN 0348 279 3. 
313. * 2 JAN 0354 280 2. 
309. 2 JAN 0400 281 2. 
306. * 2 JAN 0406 282 1. 
303. * 2 JAN 0412 283 1. 
299. * 2JAN0418 284 1. 
296. * 2 JAN 0424 285 1. 
293. * 2 JAN 0430 286 0. 
290. * 2 JAN 0436 287 0. 
287. * 2 JAN 0442 288 0. 
284. * 2 JAN 0448 289 0. 
281. * 2 JAN 0456 290 0. 
277. * 2 JAN 0500 291 0. 
273. * 2 JAN 0506 292 0. 
269. 2JAN0512 293 0. 
264. * 2JAN0518 294 0. 
260. * 2 JAN 0524 295 0. 
255. * 2 JAN 0530 296 0. 
250. * 2 JAN 0536 297 0. 
246. 2 JAN 0542 298 0. 
242. * 2 JAN 0548 299 0. 
238. * 2 JAN 0554 300 0. 

* 
I*-*************************************** 



CUMULATIVE AREA = 22.97SQ MI 



RUNOFF SUMMARY 
FLOU I N  CUBIC FEET PER S E W D  

TIME I N  HOURS, AREA I N  SQUARE MILES 

@ OPERAT ION STAT 1 ON 
PEAK 
FLOU 

T IMEOF A V E R A G E F L W F O R W I W P E R I O D  
PEAK 6-HOUR 24-HOUR 72-HOUR 

BASIN 
AREA 

HAXIFIUn TIME OF 
STAGE MAX STAGE 

HYDROGRAPH AT 

ROUTED TO 

HYDROGRAPH AT 

2 UMBINED AT 

HYDROGRAPH AT 

2 COMB1 NED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

SUBMI 

RO- 1 

SUBMZ 

CO- 1 

SUBM3 

CO-2 

RO-2 

SUBMS 

CO-3 

SUBM4 

CO-4 

RO-3 

HYDROGRAPH AT SUBM6 

2 COMBINED AT CO-5 

HYDROGRAPH AT 

2 COMBlNED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

.a HYDROGRAPH AT SUBMl2 
I 

ZCOMBINEDAT CO-11 

ROUTED TO RO-6 



HYDROGRAPH AT SUBHI3 1345. 1 2 . 7 0  

2 COMBINED AT GO-12 14168. 14.10 
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APPENDIX D 

MORGAN CITY WASH 

DATA SUPPLIED 
C 

BY 

FLOOD CONTROL DISTRICT OF 

MARICOPA COUNTY 



SCS TYPE If DISTRIBUTION 

2-HOUR DISTRIBUTION 

6 

Time Inc.(Hrl Cumulative vpt 

6-HOUR DISTRIBUTION 

Time Inc.(Hrl Cumulative ppt 



24- HOUR DISTRIBUTION 

Time Inc.(Hr) ' .Cumulative ppt Time Inc.(Hr) Cumulative u ~ t  



FLOOD CONTROL DISTRICT of Maricopa County 

Interoffice Memorandum 

- 

/ ' -  A 
KFILE 

0 DESTROY 
CMT 
NO. 

SUBJECT: a ~ ~ h ~ &  

r 

8900-003 
11 178 

": y#,y=/2 FROM: \/ &- DATE: 4'////8 

A question had come up regarding which a r ea l  reduction curve should be used. 
NOAA i n  t h e i r  Technical Memorandum NUS EYDRO-40 e n t i t l e d  .Depth-Area Ratios in 
t h e  Semi-Arid Southwest United Sta tes '  has u t i l i z e d  the  data from the  Walnut 
Gulch Experimental watershed t o  develop the curves t o  be used f o r  the  
Southwest region of the United Sta tes .  The memo does no t  provide a regression 
equation fo r  the curves, but only a graph. Because of t he  shape and the  sca le  
f o r  the curves, it i s  d i f f i c u l t  t o  achieve accurate values f o r  the  smaller  
watersheds. Therefore, Tom Hieb and I conducted independent determinations of 
the  values f o r  l e s s  than 100 square miles f o r  a uniform s e t  of r a t i o s  f o r  a 
storm with a duration of 24 hours. , 

The r a t i o s  should be used f o r  any watershed g rea te r  than 10 square miles. The 
following a re  the values t o  be used f o r  a storm with a duration of 24 hours. 

Scluare Mile - Ratio 

10 .95 
20 - .92 
30 .90 
40 -89 
50  .88 
60 .87 
7 0 .86 
80 .86 
90 .85 
100 .85 

I have not looked a t  values f o r  o ther  durations. $'there i s  a need t o  have 
these  values, then we should determine a s e t  of uniform r a t i o s  f o r  t h a t  
spec i f i c  duration t ha t  can be used. 



Q 
I r e l t ? n  t i o l l  I o c ; ~  lor. ref- i : , e ~  I i)nd r.ur t sce r  i 1 14i)r icopa i .oon l y 

J :o $ r I ? . r L  18,r I L t U L R  i n e . t l ~ o d  a n d  I;\ for  Gresll a n d  Ampt 1 1 1 ~ 2 t b o d )  

L a n d - U s e  a n d / o r  S u r f  ace Cover Surf ace 
Retention Loss 

Natural 
Oesert and rangeland, flat slope 
H i  l l slopes, Sonoran desert 
Mountain, brush 

Developed (Residential and Commercial) 
Lawn and turf 
Desert landscape 
Pavement 

Agricultural 
T i  I led 
I rr i 5ated pasture 



, . 
I n i t i a l  L o s s , , l n  inches  

Uni  form L o s s  R a t e  STRTL S o i l  t e x t u r e  
C l a s s i f i c a t i o n  CNSTL Dry Normal S a t u r a t e d  

( 1  1 ( 2 )  ( 3  1 ( 4 )  ( 5 )  

. - 
-- sa.nd --. 
-loamy sand " ' - 
san_dacra" 
l oam 
s i  l t y  _ I ~ a m - - - ~  
s  a:n&-c I a y l o  am 
c  l a y  Toam' 
s i  l t y - c l a y  loam 
s a n d y ~ c l  ay 
s i l t y  c l a y  
c l a y  - 
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Tabk 11. Equalions lor urlmating I-hr values in Arizona wlth statlsrlcd parameters for each 
aquation 

Equation 

Mean of Standard 
Corr. No. of computed error of 
corff. stations stn. values estimate 

(inches) (inches) 

00 ft had ratios 

1 data and data 
"f Arizona. This 
.IS over 6,000 f t  
cs wcrc conccn- 
or just slightly 

.hc data suggest 
cxclusivclv rain 

~ues from the 

C -auld likely 
1-yr return 

ration. difier- 
0 percent at all 
lot indicate sig- 
and the series 

and 24-hr dura- 
othcr durations 
he 6- and 24-hr 
lowing sections. 
., and 3-hr esti- 
Thc proccdures 
1 and lor 12-hr 
nical Paper No. 
ligation dcmon- 
wvcrcd by this 

Ys m - 0.011 + 0.942[0(1)0(~/X~)] 0.95 86 0.72 0.085 
-is -aamkwrouowm . .90 85 1.96 2 9 0  

List of variables .A 

Yt P 2-yr 1-hr estimated value 
rr9;-*9;;zogy~ - wry3 

X, - 2-yr G e m  a ' l t a t  on-frequency MDS 
X, - 2-yr 24hr value from preclpltation-f~equency maps 

100-yr b h r  value from precipitation-frequency maps 
X, - 100-yr 24-hr value from precipitationfrequency maps 

Procedures tor &hating 1-br (60-mb) pecipitation-f~c- 
qucncy values. Multiple-regression screening techniques werc used 
to develop equations for estimating I-hr values. Factors considered 
in the screening process wen restricted to those that could be 
dctcrmined easily from the maps of this Atlas or from generally 
available topographic maps. 

The 11 western states wcrc separated into several geographic 
regions. The regions were chosen on the basis of meteorological 
and climatological homogcncity and are gcncrally combinations of 
river basins separated by prominent divides. Arizona is located 
wholly within a region that extends from the crest of the Conti- 
ncntal Divide, the Sangrc de Cristo Range, and the Sacramento 
Mountains in Colorado and New Mexico westward to southwest- 
em California, the Virgin River Basin in Nevada, and the Wasatch 
divide in Utah. Equations to provide estimates for the 1-hr dura- 
tion for 2- and 100-yr return periods are shown in  table 11. Also 
listed are thc statistical parameters associated with each equation. 
I n  these equations, the variable [(XI)(XI/X3] or [(X,)(X,/X31 
can be regarded as thf 6-hr value times the slope of the l i e  con- 
necting the 6- and 24-hr values for thc appropriate return period. 

Eslin~ntu of 1-hr prccipitalion-lrequenq d u c s  for rclurn 
pcriods bctwcelr 2 and 100 yrs. The I-hr values for the 2- aod 
100-yr return pcriods can be plotted on thc nomogram of figure 6 
to obtain values for rcturn pcriods grcatcr than 2 yn or lcss than 
100 yrs. Draw a straight linc conneeting the 2- and 100-yr valucs 
and read the dcsirrd return-period value from the nomogram. 

Eslimstes for 2- and 3-hr (120- and 180411) prccipltn(ioa- 
hqucncy values. To obtain estimates of prceipitation-frcqucncy 
valus for 2 or 3 hrs, plot the 1- and 6-hr values fmm thc AUas 
on Ihe appropriate nomogram of 6gure 15. D n w  a straight line 
connecting the 1- and 6-hr values. and read the 2- and 3-hr 
values from the nomogram. This nomogram i s  iodcpendcnt of 
return period. I t  was developed using data from cbe same regions 
used to develop the I-hr equations. 

Figure 16. Precipitation depthduraion diagram (6- to 24JY). 



The mathematical solution from the data used to develop 
figure IS gives the following equations for estimating the 2- and 
3-hr values in Arizona; 

d - b r  i -O.Ul-Al(b.hr) ?4ZB.659,(1-hr)JI (3) 
3-hr = 0.569 (bhr) + 0.431 (1-hr) (4) 

,Estimnta lor 12-hr (720-min) preclpita~lon-frequcafy vnlues. 
To  obtain estimutes for the 12-hr duration, plot values from the 
6- and 24-hr maps in figure 16. Read the 12-hr estimates at che 
intersection of the line connecting these poinu with the 12-hr 
duration line of the nomogr~rn. 

EFlimater lor leu lhnn 1 hr. To obtain estimates for durations 
of less than I hr, apply the valuu in table 12 to the 1-hr value for 
the return period of interest. 

Illustration of Use of Precipitation-Frequency 
Maps, Diagrams, and Equations 

To illustrate the use of there maps, vnlues were read from 
figres 18 to 29 for the point at 34'00' N. and 113°00' W. Thew 
values are shown in boldface type in table 13. The values read 
from the maps should be plotted on the return-period diagram of 
6gun 6 because (1) not all poinu are as easy to locate on a 
series of maps as are latitude-longitude intersections, (2) there 
may be some slight registration difference. in printing, and (3) 
precise interpolation between isolines h difficult. This has been 
done lor the 24-hr values in table 13 (fig. 17a) and a line of but 
fit has been drawn subjectively. On this nomogram, the 25-yr 
return-period value appears somewhat off the line, rn the value 
read lrom the maps is corrected (as shown by the strikeoul in 
table 13); such corrected values are adopted in preference to the 
original readings. 

The 2- and 100-yr I-hr values for the point were computed 
from t l~c equutions in table I t .  The 2-yr 1-llr value is cstimatcd 
at 1.08 in. (2-yr 6- and 24-hr values lrom tuble 13); the wtimatd 
100-yr I-hr value is 2.52 in. (100yr 6- and 24-hr values from 
table 13). By plotting these I-hr values on figure 6 and connecting 
them with a straight line, one can obtain estimates for return 
periods of 5, 10, 25, and 50 yn. 

The 2- and 3-hr values can be estimated by using the nomo- 
gram of figure I5 or equations (3) and (4). The 1- and 6-hr values 
for the desired return period are obtained as above. Plot these 
points on the nomogrnm of figure IS and connect them with a 
straight line. Read the estimates for 2 and 3 h n  at the intersectiom 
of the connecting line and the 2- and 3-hr vertical l i s .  An ex- 
ample is shown in figure 17b for the 2-yr return period. The 2-yr 
2-hr (1.17 in.) and 2-yr 3-hr (1.23 in.) values are in italics in table 
13. 

Flgura 17. Illwtration of use of prcn'pitation-frrqucnry diagram 
using valuu from prccipilafion-frcq~icncy maps and 
relarionr. 

Duration (Inin) 
Ratio to 1-hr C 

(Adopted from US. H 
1961.) 
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FLOOD CONTROL DISTRICT of Maricopa County 

Interoffice Memorandum 

I 

A question had come up regarding which area l  reduction curve should be used, 
NOAA in  the i r  Technical Memorandum NWS HYDRO-40 en t i t l ed  'Depth-Area Ratios in 
the Semi-Arid southwest United Sta tese  has u t i l i zed  the data from the Walnut 
Gulch Experimental watershed t o  develop the curves t o  be used f o r  the 
Southwest region of the United States ,  -The memo does not provide a regression 
equation for  the curves, but only a graph. Because of the shape and the scale  
f o r  the curves, it  i s  d i f f i c u l t  t o  achieve accurate values f o r  the  smaller 
watersheds. Therefore, Tom Hieb and I conducted independent determinations of 
the values for  less  than 100 square miles for  a uniform s e t  of r a t i o s  fo r  a 
storm with a duration of 24 hours. 

/ ' - .  1 

The ra t ios  should be used for  any watershed greater than 10 square miles. The 
following are the values t o  be used f o r  a storm v i t h  a duration of 24 hours. 

CMT SUUECT: 5- p4hcf tK  
NO. 

I I S ~ u a r e  Mile Ratio 

RFILE 
DESTROY 

I have not looked a t  values fo r  other durations, $'there i s  a need to  have 
these values, then we should determine a s e t  of uniform ra t ios  f o r  that  
spec i f ic  duration that can be used. 
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APPENDIX F 

MORGAN CITY WASH 

CALCULATIONS: 

LOSS RATES AND 

PERCENT IMPERVIOUS 
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APPENDIX G 

MORGAN CITY WASH 

CALCULATIONS: 

SUB-BASIN LAG TIMES, 

ROUTING TRAVEL TIMES 





- -- 

Time of concentration (TJ or travel time (Tt) G -1 
/ 

' projea FCD-Floodplain Dalinaatlon BY VQO  ate 23 & f l  
Location Morgan City w ~ h  Checked@ Date loe% 4 

T, for Subarea M - 1 
Tt for Routing Reach 

Assumed Watershed Conditions 

A~DN~EP-PFL(.S.U@ 
NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total L S 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s hlft 

O.OM(nW 
0.8 

............ 6. T I -  ComputeTt hr ,y 
Shallow concentrated flow Segment ID 7 1  

........................ 7. Manning's roughness coeff., n 

.............. . 0 8. Hydraulic radius r (appx avg. depth) Est. 
...................................... 9. Flow Length, L 

10. Watercourse slope, s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................ 1 1. Average velocity, V ( ~ i ~ u r & r  6 ) ft/s 

L ............... 12. T~ =- Compute Tt hr 
3600v 

Channel flow Segment10 1 

13. Approximate flow rate, Q .......................... .ftYsec 100 28QU 
14. Topwidth,T ........................................ ft 

IS. - d = A I T  .................... Estimateft 
c 

16. Channel slope, s ..................................... hlft 

17. Manning's roughness coeff. . . . .  ................. 
18. ~ v e r a ~ e  velocity, v ( ~ i ~ u r e  .................... 
19 Flow lengrh, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L ................ 21. T' -- 
3mov Compute T, hr 

22. Watershed or subarea Tc or Tt (add T, in  steps 6, 12 and 21) hr 
~ ~ r c ;  E ~ ( L  ~ t % C ( e  C W .  $Y MII*UIU& N o w  P m  L l S t u 6  LtL) 

Urban Hydrology for Small Watersheds) 1;: 0,3+& 
--C 

/ L , ~ ~ ~  f O. 3 r R P  
R C  r~~rn731 5 * ~ 0 , 3 d r  1 



Time of concentration (TJ or travel time (Tt) p a  

Location Morgan Clty *-It C h e c k e m   ate I o p Z L O f l  

Tc for Subarea w - 1  Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to T,only) Segment 10 

.................. 1. Surface description (table 3- 1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

....................... - 3. Flow length, L (total L S 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s ftlft 

Shallow concentrated flow Segment 10 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

9. FlowLength,L ...................................... ft 

10. Watercourse slope, s ................................. ftlft 
................ 11. Average velocity, V ( ~ i ~ u r e d q ~  _) ftls 

L ............... 12. 'T, =- Compute Tt hr m v  
Channel flow Segment ID 

- 13. Approximate flow rate, Q .......................... .ft3isec 

14. Topwidth, T ........................................ h 

15. Hydraulic radius, r = d = NT ................... .Estimate ft 

16. Channel slope, s ..................................... f?/ft 

........................ 17. Manning's roughness coeff., n 

18. Average velocity, V (Figure ) .................... ft ls  

19 Flow length, L ...................................... h 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. TL -- Compute Tt ................ hr m v  
22. Watershed or subarea Tc or Tf (add Tt in steps 6, I2 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 
- 

' Project FCD-Floodplain Dallnaatlon BY ~ a t e 5 2 C h m  

tocation Morgan C l t l  w h h  Checked@ . Date /o-%-gq 

TC for Subarea M- 3 Assumed Watershed Condition2 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

2. Manning's roughness coeff., n (table 3-1, TR-55) ....... 
............. ......... 3. Flow length, L (total LS 300 ft) .: ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

8. Hydraulic radius r (appx - avg. depth) Est. .............. 
...................................... 9. Flow Length, L h 

................................. 10. Watercourse slope, s Wft 

Channel flow 

............... Compute Tt hr 

Segment ID 

.......................... - 13. Approximate flow rate, Q .ft3/sec 

........................................ 14. Topwidth, T f t  

................... 15. Hydraulic radius, r = d = A ~ T  .Estimate ft 

..................................... 16. Channel slope, s ft/ft 

........................ 17. Manning's roughness coeff.. n 

.................... 18. Average velocity, V (Figure ) Ws 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L ................ 21. T, -- 3mov Compute Tt hr 

22. Watershed or subarea T,or Tt (add Tt in steps 6, 12 and 21) hr 

O* 1 QQ. 
0,29, 

I IW 
la, ! 231 
( 2.2 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) L-A- 
0 

~ a t e 7 3 k q  
" I 

project FCD-Floodplrln Dollnortlon BY 

~ocation , M0rg.n City W u h  Check* Date 10.26 -84 

Tc for Subarea M -4 Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segment 10 

.................. 1. Surface description (table 3- 1, TR-55) 

2. Manning's roughness coeff., n (table 3-1, TR-55) ....... 
3. Flow length, L (total 1 s 300 ft) ....................... ft 

4. Two-yr 24-hr rainfall, P2 ............................. in 

5. land slope, s ........................................ Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff ., n 

- .............. 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... ft 

L 12. 'T, =- Compute Tt ............... hr 
3 m v  

Channel flow Segment ID 

13. Approximate flow rate, Q .......................... .ft3/sec 

14. Topwidth, f ........................................ ft 

................... 1s. Hydraulic radius, r = d = Alf .Estimate ft 

16. Channel slope, s ..................................... fVft 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure 2 ft/s 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, =- Compute Tt ................ hr 
3aY)v 

22. Watershed or subarea Tc or Tt (add Tt in steps 6.12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 
8 

Project PCD-Floodplrln Dellnertlon ~~m ~ a t e & @ r m  

lot r t jon Mor9.n City I(Iu~ ~ h e c k e d e  Date YO-27 -gv 

T, forsubarea w-9 Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet (Applicable to T, only) Segment ID 

.................. I. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1,T R-55) 

........................ 3. . Flow length, C (total L s 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s fVft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

8. Hydraulic radius r (appx - avg. depth) Ert. .............. 
9. Flow Length, L ...................................... f t  

................................. 10. Watercourse slope, s hlft 

................ I 1. Average velocity, V (~ i~ureCf lT  8 ) fVs 

L 12. 7 ,  1- Compute T ............... hr 
3 m V  

Channel flow Segment ID 

. 13. Approximate flow rate, Q .......................... .h3/sec 

14. Topwidth, T ........................................ ft 

15. Hydraulic radius, r 3: d = AIT ................... .Estimate ft 

16. Channel slope, s ..................................... Wh 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure ) ft/s 

19 Flow length, L ...................................... f t  

20. Check r estimate: Q = V x T x r = compare to line 13 

L ................ 21. T& -- m v  Compute Tt hr 

22. Watershed or subarea 4 or Tt {add Tt in steps 6, 12 and 211 hr 

(Adapted from Worksheet 3. SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) G -6 
' project FCD-Floodplain Dellneatlor 8y 0ate%CbAY 

location Mor@an C I ~ Y  W U ~  Checked & Date @)'%l-gq 

Tc for Subarea M- 
Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to T, only) Segment 10 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

................ ..... 3. Flow length, L (total L S 300 ft) .; ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

5. Land slope, s ........................................ Wft 

OMnlaW 
0.8 

............ 6. *'- ComputeTt hr PP" ." 
shallow concentrated flow Segment ID 

.. 7. Manning's roughness coeff., n ....... WU.?.??. .o. 10 
- .............. 8. Hydraulic radius r (appx avg. depth) Est. 

9. F1owLength.L ...................................... ft 

10. Watercourse slope, s ................................. ftfft 

1 1. ~verage velocity, v (~igure& T 10 ) ................ fth 

L ............... 12. T,-- Compute Tt hr 
3841v 

Channel flow Segment 10 

a 13. Approximate flow rate, Q .......................... .ft3lsec 

14. Topwidth,T ........................................ ft 

15. Hydraulic radius, r = d = & ................... .Estimate ft 

16. Channel slope, s ..................................... ft/ft 

17. Manning's roughness coeff., n ........................ 
18. Average velocity, V (Figure ] .................... Ws 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q t V x T x r = compare to line 13 

L 21. T, -- Compute T, ................ hr 
3aOv 

\. 22. Watershed or subarea Tc or Tt (add Tt in steps 6, 12 and 21) hr 

(Adapted from Wor~sheet 3. SCS TR-SS, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 
8 

Project FCD-Floodplrln Dollnoatlon BY Date a-7 
~ocation Morgan Cltr w ~ h  Checked &) 0ate 10 -27-Bq 

for subarea M- 7 Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to 1, only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total LS 300 ft) h 

4. Two-yr 24-hr rainfall, P2 ............................. in 

5. Land slope, s ........................................ Wft 

Shallow concentrated flow Segment ID 

...................... 7. Manning's roughness coeff., n ,. 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... ft 

10. Watercourse slope, s ................................. Wft 

Cft : .Y-& 1 1. Average velocity, V (Figure ) ................ Ws 

L 12. TI -- Compute 1 ............... hr 
38ov 

Channel flow Segment ID 

. 13. Approximate flow rate, Q ........................... h3Isec 

......................................... 14. Topwidth,T ft 

15. Hydraulic radius, r = d = Air ................... .Estimate f t  

..................................... 16. Channel slope, s ft/ft 

........................ 17. Manning's roughness coeff., n 

18. Average velocity, V (Figure ) .................... Ws 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, -- ComputeT, ................ hr 
3gYlv 

22. Watershed or subarea 1. or ft (add Tt in steps 6, 12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 
1.; so. C6Lr 



Time of 
' proiect FCD-Floodplain Dellneatlon BY ~ a t e ~ 3 9 8 9  

~ocation M O ~ Q I ~  Cltr w ~ h  Checked @ Date /U -2 7%7 
' 

1, for Subarea M -6 Assumed Watershed Condition1 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to T, only) Segment ID 

.................. 1. Surface description (table 3-1, TR-SS) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total LS 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s fttft 

Shallow concentrated flow Segment ID 

7. Manning's roughness coeff., n ........................ 
- .............. 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... ft 

................................. 10. Watercourse slope, s fWft 

L 12. T, I- 

3800v 

Channel flow 

Compute Tt ............... hr 

Segment ID 

Approximate flow rate, Q .......................... .ft3/sec 

Top width, T ........................................ ft 

Hydraulic radius, r = d = A/T ................... .Estimate ft 

Channel slope, s ..................................... fVft 

........................ Manning's roughness coeff., n 

Average velocity, V (Figure ) .................... Ws 

Flow length, L ....................................... ft 

Check r estimate: Q t V x T x r = compare to line 13 

L 21. T, -- Compute 1, ................ hr 
38Mv 

22. Watershed or subarea T, or Tt (add Tt in steps 6.12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 
i'p=o.go& 



Time of concentration (TJ or travel time (T3 -9 
B Y -  oat 

w d 
' project FCD-Floodplain Dallnaatlon 

~ocation Morgan Cltll *(rub Checked & Dat 

Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Jheet flow (Applicable to 1, only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total Lr 300 ft) ft 

4. Two-yr 24-hr rainfall, P2 ............................. in 

........................................ 5. Land slope, s ftlft 

Shallow concentrated flow - Segment ID 

........................ 7. Manning's roughness coeff ., n 

.............. . a 8. Hydraulic radius r (appx avg. depth) Est. 

....................................... 9. Flow Length, L ft 

................................. 10. Watercourse slope, s fVft 

cjv f i 3  ................ 1 1. Average velocity, V (Figure ) fVs 

L 12. T, =- Compute Tt ............... hr 
384)v 

Channel flow Segment ID 

- 13. Approximate flow rate, Q .......................... .ft3/sec 

14. T0pwidth.T ........................................ ft 

1 S. Hydraulic radius, r = d = A/T ................... .Estimate ft 

16. Channel slope, s ..................................... Wft 

17. Manning's roughness coeff., n ........................ 
.................... 18. Average velocity, V (Figure ) ftls 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q r V x T x r = compare to line 13 

L 21. T, -- Compute Tt ................ hr 
3gy)v @ 22. Watershed or subarea T p  Tt (add T, in steps 6, I2 and 21) hr 

f, - 

(Adapted from Worksheet 3. SCS TR-55. Urban Hydrology for Small Watersheds) 7' = 0'69 hr 





Time of concentration (TJ or travel time (Tt) 
# 

- 
Project FCD-Floodplrln Dallnartlon BY 17m 0 a t e Z F 8 f  

Location Morgan Clty V h ~ h  Checked - Date 

rC for Subarea M - 1 1 Assumed Watershed Conditiont 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total L s 300 ft) ft 

4. Two-yr 24-hr rainfall, P2 ............................. in 

........................................ 5. Land slope, s fttft 
Od 

0.007 In W 
6. TI- ComputeT, ............ hr .p6 a'=' 

Shallow concentrated flow Segment 10 

7. ~anning's roughness coeff., n ........................ 
.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... f t  

10. Watercourse slope, s ................................. fVft 

p-r (0 11. Average velocity,V(Figur ' ) ................ fVs 

L 12. T, =- Compute Tt ............... hr 
3600v 

Channel flow Segment ID 

. 13. Approximate flow rate, Q .......................... .ft3/sec 

14. Topwidth,T ........................................ ft 

15. Hydraulic radius, r = d = NT ................... .Estimate ft 

16. Channel slope, s ..................................... fVft 

........................ 17. Manning's roughness coeff., n 

18. Average velocity, V (Figure ) .................... ftlr 

19 Flow length, L ...................................... f t  

20. Check r estimate: Q = V x T x r = compare to line 13 
- - 

L 21. T, -- Compute Tt ................ hr 
3800v @ 22. Watershed or subarea Tc or Tt (add Tt in steps 6,12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 
/ 

/& ' 0.51 
Ib 



Time of concentration (T3 or travel time (Tt) 
' project FCD-Cloodpl8k Dellnoatlon ~ Z Q  ~ a t e ~ 6 ~  

G-12 
BY 

~ocation M0ra.n C I~ I  W U ~  Checked - Date 

TC for Subarea - 17. Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to T,only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total LS 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... f t  

................................. 10. Watercourse slope, s ftlft 

L 12. T, =- Compute T, ............... hr 
3600v 

Channel flow Segment ID 

- 13. Approximate flow rate, Q .......................... .ft3lsec 

14. Topwidth,T ........................................ ft 

15. Hydraulic radius, r = d = Air ................... .Estimate ft 

16. Channel slope, s ..................................... ftlft 
........................ 17. Manning'sroughnesscoeff.,n 

18. Average velocity, V (Figure ) .................... Ws 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L ................ 21. T, =- 
3800v 

Compute Tt hr 

22. Watershed or subarea T, or Tt (add T, in steps 6,12 and 21) hr 

' 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 
' project FCD-Floodplain Dellneatlon BY ?~ZZI ~ateP*%q , 

~ocation Moraan C l t ~  w ~ h  Checked&. Date 10' 2YFgf 

Tc for Subarea fl- 1 3 Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to T'only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

2. Manning's roughnesscoeff., n (table 3-1, T R-55) ....... 
........................ 3. Flow length, L (total LS 300 ft) ft 

4. Two-yr 24-hr rainfall, P2 ............................. in 

5. Land slope, s ........................................ Wft 

Shallow concentrated flow Segment ID 

7. Manning's roughness coeff., n ........................ 
- .............. 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... ft 

10. Watercourse slope, s ................................. fVft 

................ 1 1. ~verage velocity, v ( ~ i g u r d f !  T' 8) hh 

L 12. T, =- Compute Tt ............... hr 
S m v  

Channel flow Segment ID 

- 13. Approximate flow rate, Q .......................... .ftahec 

14. Topwidth,T ........................................ ft 

................... 15. Hydraulic radius, r = d = AIT .Estimate ft 

16. Channel slope, s ..................................... ftlft 
........................ 17. Manning's roughness coeff ., n 

18. Average velocity, V (Figure ) .................... ft/s 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, -- Compute Tt ................ hr 
3mov @ 22. Watershed or subarea Tc or Tt (add Tt in steps 6,12 and 2 1) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Average ve loci ty ,  f t l s e c  



Average ve loc i ty ,  f t / sec  
1 



Average r V~ loc ;+ / i s  67 Uf/qMJ' 
Chsnnels l ~ o w & w h # d  Now 

R S  U y d ~ d Y ( t i  R I t k  C3Cf.) 

Average ve loc i  ty, f t / s e c  



I I I I I I l l 1  I 
2 4 6 10 2 0 

Average v e l o c i t y ,  f t /sec  



4 6 10 
Average veloci ty  , f t /sec 



x32S vidit f 
ksh: vidit: not found 
1 loo 
7 

N = 0.0700 

Slope = 0.0500 f t / f t  

Velocity = 10.7157 f t l s  

Depth = 5.1327 f t  

Spread = 20.0000 f t  
you wish to  perforw another analysis? Cy,NI 

Slope = 0.0273 ft/ft  1 

Velocity = 12.1091 f t l s  

Depth = 7.7077 f t  

Spread = 30.0000 f t  : 
you wish to perfom another analysis? Cy,Nl 



Slope = 0.0476 f t l f t  

Flow = 1800.0000 cfs 

Velocity = 7.2164 f t l s  

Depth = 2.4943 ft 

spread = 100.0000 ft 
wish t o  perf- another analysis? ty,Nl 

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

N = 0.0550 

Slope = 0.0226 f t / f t  

Fla,  = 4100.0000 cfs 

Depth = 3 1910 ft 

Spread = 150.0000 f t  
Do you wish to perforu another analysis? ty,Nl 



Slope = 0.0603ftlft 

Flow = 1100.0000 cfs 

Velocity = 7.9207 f t l s  

Depth = 1.9820 f t  

h a  = 138.7373 sq f t  

Spread = 70.0000 f t  

6 you wish to perform another analysis? Cy,NI 

Velocity = 7.2419 f t l s  

Depth = 1.9332ft 

Spread = 150.0000 f t  
Do you wish to perform another analysis? ty,Nl 



z = 0.0000 

Flow = 1200.0000 cfs 

Velocity = 0.5870 ft/s 

spread = 30.0000ft 
Do you wish to perfora another analysis? ly,N1 a - -- - - -  . - 

Slope = 0.0229 ftlft 

z = 0.0000 

Flow = 2750.0000 cfs 

Velocity = 0.7191 ft/s 

Depth = 5 . 2 W f t  

Spread = 60.0000 ft 
Do you wish to perfom another analysis? Cy,Nl 



Slope = 0.0342ft l f t  

Flow = 600.0000 cfs 

Velocity = 7,0987 f t l s  
C H * ~  

Depth = 4.226lft  

Spread = 20.0000 f t  
you nish to perfom amther analysis? Cy,Nl di 

N = 0.0700 

Slope = 0.0220 f t l f t  

B = 50.0000 f t  

z = 0.0000 

Flow = 1200.0000 cfs 

Velocity= 6.7264ftIs 

Depth = . 3.5680ft 

h a  = 178.400tiqft  

Spread = 50.0000 f t  
Do you nish to perform another analysis? Cy,Nl 



Flow = 1100.0000 cfs 

Velocity = 4.7661 f t /s 

Depth = 1.w f t  

Spread = 140.0000 f t  
Do you wish to perform another analysis? [y,N1 

Z 0.0000 

Flow = 9000.0000 cfs 

Velocity= 8.0444ftIs 

Spread = 2J0.0000 ft 
Do you wish to perfom another analysis? ty,NI 



Slop = 0.0323 ft/ft 

Flon = 400.0000 cfs 

Velocity = 4.6817 ft/s 

Depth = 1.4240ft 

Spread = 60.0000 ft 
you wish to perforu another analysis? Cy,Nl 

@ 

Slope = 0.0153 ftlft 

B = 60.0000 ft w7 
Z = 0.0000 

Flon = 1200.0000 cfs 

Velocity = 5.6369 ft ls  

Depth = 2.6610 ft 

Spread = 80.0000 ft 
Do you wish to perfom another analysis? [y,NI 



Slope = 0.0254 ftfft 

Z = 0.0000 

Flou = 1800.0000 cfs m 

Velocity = 7.2276 f t l s  CI" 
Depth = 2.2641ft 

Spread = 110.0000 ft  
you wish to perfom another analysis? Cy,Nl * 

Slop = 0.0185 ftfft 

B = 1J0.0000 ft Cn-0 
Z ' =  0.0000 

Flou = 3100.0000 cfs 

Velocity = 7.6566 ftfs  

Depth = 2.6992 ft  

Spread = 150.0000 ft  
Do you wish to perfora another analysis? Ey,NI 



N = 0.0600 

Slope = 0.0289ftlft 

B - - 

Z - - 

Flow = 

Velocity = 

Depth = 

cfs 

ft /s 

ft 

Spread = 100.0000 ft 

i)r ou wish to perform akther analysis? ty,N1 

3000 

N = 0 . m  

Slope = 0.0148 f t l f t  

B - - 

Z - 
Flow = 

Velocity = 

250.0000 ft 

0.0000 

9000.0000 cfs 

8.0116 ft /s 

Depth = 4.4935 f t  

Spread = 250.0000 ft 
Do you wish to perform another analysis? ty,Nl 



Slope = 0.0240ftlft 

Flow = 700.0000 cfs 

Velocity = 5.0188 ft/s CHo 1 
Depth = 1.9925 ft 

Spread -- 70.0000 f t  
Do you wish to perform another analysis? Ey,NI 

Slope = 0.0228ftlft 

B = 90.0000 ft 

Z = 0.0000 

Flow = 1700.0000 cfs 

Velocity = 6.9843 ft/s 

Depth = 2.7045 ft 

Spread = 90.0000ft 
Do you vish to perform another analysis? Cy,NJ 



Slope = 0.0225ftfft 

Flon = 900.0000 cfs 

Velocity = 4.9760 f t fs  

Depth = 1.8087 ft 

Spread = 100.0000 f t  
Do you wish to perfora another analysis? [y,Nl 

Slope = 0.0167 f t l f t  

B = 140.0000 f t  M@ 11 
2 = 0.0000 

Flon = 9000.0000 cfs 

Velocity = 11.48Xi ft /s 

Depth = 5.5981 ft 

Spread = 140.0000 ft 
Do you wish to perfora amther analysis? ty,N1 



Slope = 0.0167 f t l f t  

z = 0.0000 

Flon = 700.0000 C ~ S  m -  12 
Depth = 6.0289ft 

Spread = 20.0000 f t  
Do you nish to perform another analysis? Ey,NI a 

Slope = 0.0314 f t l f t  

B = 100.0000 f t  

Z = 0.0000 

Flow = 1400.0000 cfs 

Velocity = 5.7632 f t l s  

Depth = 2.42Szft 

Spread = 100.0000 f t  
Do you nish to perfarr another analysis? Cy,Nl 



Slope = 0.0315 f t l f t  

Z = 0.0000 

Flow = 500.0000 cfs I 

Velocity = 6.1213 f t ls  Cfl 
Depth = 2.0421ft 

Spread = 40.0000 ft 
w i s h  to perform another analysis? ty,N3 

Slope = 0.0130 f t l f t  

Flow = 9000.0000cfs 

Depth = 8.8909 f t  

Spread = 150.0000 f t  
Do you nish to p e r f m  another analysis? Iy,NI 



Time of concentration (TJ or travel time (Tt) 
-32 

' project FCD-Floodplain Dallnaatlon ' BY  ate%?&@? 
~ocat ion Morgan C l t ~  W 4 h  Checked* Date 10 - s-'v 
T, for Subarea no-\  Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to  Tc only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total L 5 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s Wft  

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

...................................... 9. Flow Length, L f t  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10. Watercourse slope, s ft/ft 

................ 1 1. Average velocity, V (Figure ) Ws 

L ............... 12. T, I- Compute T, hr m v  

Channel flow Segment ID 

.......................... 13. Approximate flow rate, Q .h3/sec . . 
...................................... 14. ~ o ~ w i d o . .  h 

15. Hydraulic radius, a Air ................... .Estimate ft 

..................................... 16. Channel slope, s h/ft 

17. Manning's roughness coeff., n ........................ 
.................... 18. Average velocity, V (Figure ) Ws 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to  line 13 

L 21. T, -- Compute Tt ................ hr 
36mv 

22. Watershed or subarea Tc or Tt (add Tt in  steps 6, 12 and 21) hr 

ycl.i, hir 9 M ~ n n ~ ~ € ~ u r k a .  , h e y h r  h d  
Adapted fro or .sheet 3, SCS TR-55, Urban ydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) G -3 
0 

Project FCD-Floodplrln Dallnartlon BY 0at@&8? 

Location Morgan Clty wa$h Checked - Date 

@ Tc for Subarea KO- % Assumed Watershed Conditions 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to Tc only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

3. Flow length, L (total LS 300 ft) ....................... ft 

4. Two-yr 24-hr rainfall, P2 ............................. in 

5. Land  slope,^ ........................................ hlft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

- .............. 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... ft 

................ 11. Average velocity, V (Figure ) fVs 

L 12. T, I- Cornputeft ............... hr 
36mV 

Channel flow Segment ID 

- 13. Approximate flow rate, Q .......................... .ft3/sec 

14. Topwidth,T ........................................ ft 

15. Hydraulic radius, r 3: d = Air ................... .Estimate ft 

16. Channel slope, s ..................................... Wft 

........................ 17. Manning's roughness coeff., n 

18. Average velocity, V (Figure ) .................... Ws 

I9 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, -- Compute Tt ................ hr 
3810v 

22. Watershed or subarea Tc or Tt (add Tt in steps 6,12 and 2 1) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 6-34- 
' project FCD-FIOO~PI.I~ Dollnoatton BY G b  ~ a t e Z ~ Q ~ 8 3  

-5 

Location Motgrn Cltr  Wwh Checked - Date 

Tc for Subarea K O  -3 Assumed Watershed Condition1 

Tt for Routing Reach 

NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to 1, only) Segment 10 

.................. 1. Surface description (table 3-1, TR-55) 

2. Manning's roughness coeff., n (table 3-1, TR-55) ....... 
........................ 3  low length, L (total LS 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

5. lands lope,^ ........................................ Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

...................................... 9. Flow Length, L ft 

................................. 10. Watercourse slope, s ftlft 

................ 1 1. Average velocity, V (Figure ) f t l s  

Channel flow Segment 10 

.......................... - 13. Approximate flow rate, Q .ft3lsec 

14. Topwidth,T ........................................ ft 

15. Hydraulic radius, r = d = A/, ................... .Estimate f t  

16. Channel slope, s ..................................... ft/ft 
17. Manning's roughness coeff., n ........................ 

.................... 18. Average velocity, V (Figure ] f t ls  

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r o compare to line 13 

................ L 21. T, -- Compute Tt hr 
3800v 

22. Watershed or subarea T, or Tt (add T, in steps 6, 12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



-- 

Time of concentration (TJ or travel time (Tt) G-3 5 
' project FCD-Floodplain Dollnoatlon By VW Date -57 

Location Morgan Clty * u h  Checked & Date /d-77-cdy 

Tc for Subarea Ro-J Assumed Watershed Conditions 

Tt for Routing Reach R - 4  
NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to 1, only) Segment 10 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughneu coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total L s 300 ft) h 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

9. Flow Length, L ...................................... h 

................................. 10. Watercourse slope, s ft/ft 

................ 11. Average velocity, V (Figure ) ft/s 

L ............... 12. T, =- Compute Tt hr 
3800v 

Channel flow Segment ID 

.......................... - 13. Approximate flow rate, Q .ft3lsec 

14. Topwidth, T ........................................ ft 

................... 15. Hydraulic radius, r = d = All .Estimate ft 

16. Channel slope, s ..................................... Wft 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure ) Ws 

19 Flow length, L ...................................... f t  

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, =- Compute Tt ................ hr 
36mv 

22. Watershed or subarea T, or Tt (add T, in steps 6,12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) 
project FCD-Floodplain Oellna8tlon BY % Date%+@q 

~ocatjon M0t9.n City w ~ h  checked &@ Date 10-37-94 

T, for Subarea Ro Assumed Watershed Condition$ 

1, for Routing Reach w- 63 
NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

Sheet flow (Applicable to 1, only) Segment 10 

.................. 1 Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flow length, L (total LS 300 ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s hlft 

0.007 InU 
QI 

............ 6. Ti- ComputeTt hr .p6 ." 
Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

...................................... 9. Flow Length, L ft 

................................. 10. Watercourse slope, s hlft 

................ 1 1. Average velocity, V (Figure ) h l s  

L ............... 12. T& =- Compute Tt hr 
3800v 

Channel flow Segment ID 

.......................... - 13. Approximate flow rate, Q .ft3/se~ 

........................................ 14. Topwidth,T ft 

................... 15. Hydraulic radius, r = d = NT .Estimate ft 

..................................... 16. Channel slope, s fttft 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure ) ft/s 

19 Flow length, L ...................................... f t  

20. Check r estimate: Q = V x T x r = compare to line 13 
-* 

L 21. T, -- Compute Tt ................ hr 
38DOv 

22. Watershed or subarea T, or Tt (add Tt in steps 6,12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-SS, Urban Hydrology for Small Watersheds) 



Time of concentration (T3 or travel time (T3 G -37 1 

Location Morgan Clty w ~ h  Checked* Date 10 F? 7-87 

T, for Subarea hc-5 Assumed Watershed Conditions 

1, for Routing Reach g--:~~j 
NOTES: Space for as many as two segments per flow type can be used for each worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to T,only) Segment ID 

.................. 1. Surface description (table 3-1, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3 Flow length, L (total L s 300 ft) h 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s ftlft 

............ Compute Tt hr 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . 8. Hydraulic radius r (appx avg. depth) Est. 

...................................... 9. Flow Length, L ft 

................................. 10. Watercourse slope, s fVft 

................ 1 1. Average velocity, V (Figure ) fVs 

L ............... 12. TL I- Compute Tt hr 
36mv 

Channel flow Segment 10 

.......................... • 13. Approximate flow rate, Q .ft3lsec 

14. Topwidth,T ........................................ ft 

................... 15. Hydraulic radius, r = d = AIT .Estimate f t  

..................................... 16. Channel slope, s fVft 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure ) hlr 

19 Flow length, L ...................................... ft 

20. Check r estimate: Q = V x T x r = compare to line 13 

................ L 21. T, -- Compute Tt hr 
38Mv 

22. Watershed or subarea 1, or Tt (add T, in steps 6,12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Time of concentration (TJ or travel time (Tt) G -38 
I 

Project FCO-Floodplain Deltne8tlon 0 a t e 2 3 4  89 

Location Morgan Clty Y l l ~ h  Check 

TC for Subarea LO -b 
1, for Routing Reach $ 0  & 

Assumed Watershed Condition1 

NOTES: Space for as many as two segments per flow type can be used for tach worksheet. 

Include a map, schematic, or description of flow segments. 

sheet flow (Applicable to T, only) Segment ID 

.................. 1. Surface description (table 3- t, TR-55) 

....... 2. Manning's roughness coeff., n (table 3-1, TR-55) 

........................ 3. Flowlength,L(totalLS300ft) ft 

............................. 4. Two-yr 24-hr rainfall, P2 in 

........................................ 5. Land slope, s Wft 

Shallow concentrated flow Segment ID 

........................ 7. Manning's roughness coeff., n 

.............. . a 8. Hydraulic radius r (appx avg. depth) Est. 

...................................... 9. Flow Length, L ft 

................................. 10. Watercourse slope, s ftlh 

................ 1 1. Average velocity, V (Figure ) hlr 

L ............... 12. Tt =- ComputeTt hr 
3 w v  

Channel flow Segment 10 

.......................... a 13. Approximate flow rate, Q .ft3lsec 

........................................ 14. Top width, T ft 

................... 15. Hydraulic radius, r = d = Nr .Estimate ft 

..................................... 16. Channel slope, s h/ft 

........................ 17. Manning's roughness coeff., n 

.................... 18. Average velocity, V (Figure ) fUs 

................................ 19 Flow length, L +- .*-..-. .. k. 
. . 

20. Check r estimate: Q = V x T x r = compare to line 13 

L 21. T, -- Compute T, ................ hr 
3gy)v 

22. Watershed or subarea i, or Tt (add Tt in steps 6, 12 and 21) hr 

(Adapted from Worksheet 3, SCS TR-55, Urban Hydrology for Small Watersheds) 



Slope = 0.0394ftlft 

B = 70.0000ft 

2 = 0.0000 

Flow = 2M)0.W cfs ~ 6 . h  
Velocity = 11.2173 ft/s 

Depth = 3.3112 ft 

Spread = 70.0000 f t  
Do you wish to perform another analysis? Iy.NI 

Slope = 0.0226 f t f f t  

0 = 150.0000ft 

2 = 0.0000 

F1w = 4100.0000 cfs CH* 8 
Velocity = 0.5637 f t fs  

Depth = 3.1318 f t  

h a  = 478.7648 sq ft 

Spread = 150.0000 ft 
Do you wish to perfom another analysis? Iy,NI 



Slope = 0.0147 ft l f t  

Flw = 5800.0000cfs 

Velocity = 8.5136 f t l s  & ( t 
Depth = 3.7840ft 

Spread = 180.0000 ft  

9 you wish to  perfora another analysis? [y,N1 

Slow = 0.01% ft l f t  

Velocity = 9.1541 ft/s 

Depth = 3.3765 ft 

Spread = 220.0000 f t  
Do you wish to  perfom another analysis? [y,Nl 



Slope = 0.0175 ftlft 

B = 220.0000 ft 

Z = 0.0000 

Flow = 9000.0000cfs bfi *E 
Velocity = 8.8456 ftls 

Depth = 4.6248 ft 

Spread = 220.0000 ft 
Do you nish to perform another analysis? Cy,NI 

Slope = 0.0175 ftlft 

B = 220.0000ft 

z = 0 . m  
0 

Flow = ~ . ~ c f s  C f l  
Velocity = 0.8456 ft/s 

Depth = 4.6248ft 

Spread = 220.0000 ft 
Do you nish to perform another analysis? [y,Nl 



N - - 
Slope = 

B - - 
Z - - 

Flon = 

Velocity = 

Depth = 

h a  = 

0.0600 

0.0182 ft/ft 

200.0000 f t  

0.0000 

9000.0000 cfs 

9.2746 f t fs  

4.8520 f t  

970.3970 sq ft 

." you wish to perform another analysis? [y,Nl a 

Slop = 0.0129 f t l f t  

B = 230.0000 ft . I  

z = 0.0000 

Flon = 9000.0000cfs 

Velocity = 8.0594 ft/s 

Depth = 4.4168 ft 

Spread = 230.0000 f t  
Do you wish to perform another analysis? ly,Nl 



Slope = 0.0148 ftlft 

Flow = 9000.0000 cfs 

Velocity = 8.0116 ftls 

Depth = 4.4935 ft 

Do you n i h  to perfora another analysis? Cy,M a 



Slope = 0.0177 f t / f t  

B = 140.0000 f t  

2 = 0.0000 

Flow = 9000.0000 cfs 

Velocity = 11.6996 ft /s 

Depth = 5.497 ft 

Spread = 140.0000 f t  
Da you wish to perfom another analysis? [y,N1 



Slope = 0.0094ftlft 

Flon = 9000.0000 cfs L/ 
Velocity = 10.1294 ft/s 

Depth = 7.4042ft 

Spread = 120.0000 f t  
h you wish to perfora another analysis? Iy,Nl 

Slope = 0.0130 ft/ft 

Flow = 9000.0000 cfs 

Velocity = 6.7485 f t ls  

Depth = 8.8909ft 

Spread = 150.0000 ft 
Do you wish to p e r f m  another analysis? Ey,NI 



Chapter 3: Time of concentration and travel time 

Travel time (T3 is the time it takes water to travel 
from one location to another in a watershed. Tt is a 
component of time of concentration (Tc), which is the 
time for runoff to travel from the hydraulically most 
distant point of the watershed to a point of interest 
within the watershed. Tc is computed by summing all 
the travei times for consecutive components of the 
drainage conveyance system. 

Tc influences the shape and peak of the runoff 
hydrograph. Urbanization usually decreases Tc, 
thereby increasing the peak discharge. But Tc can be 
increased as a result of (a) ponding behind small or 
inadequate drainage systems, including storm drain 
inlets and road culverts, or (b) reduction of land slope 
through grading. 

Factors affecting time of concentration 
and travel time 

Surface roughness 

One of the most significant effects of urban 
development on flow velocity is less retardance to 
flow. That is, undeveloped areas with very slow and 
shallow overland flow through vegetation become 
modified by urban develop~ent: the flow is then 
delivered to streets, gutters, and storm sewers that 
transport runoff downstream more rapidly. Travel 
time through the watershed is generally decreased. 

Channel shape and flow patterns 

management system. Slope will tend to increase 
when channels are straightened and decrease .when 
overland flow is directed through storm sewers, 
street gutters, and diversions. 

Computation of travel time and 
time of concentration 

Water moves through a watershed as sheet flow. 
shallow concentrated flow, open channel flow, or 
some combination of these. The type that occurs is a 
function of the conveyance system and is best 
determined by field inspection. 

Travel time CT3 is the ratio of flow length to flow 
velocity: 

where 

[Eq. 3-11 

Tt = travel time Olr), 
L = flow length (ft), 
V = average velocity (ftls), and 

3600 = conversion factor from seconds to hours. 

Time of concentration CT,) is the sum of Tt values for 
thevarious consecutive flow segments: 

Tc = Ttl + Tt2 + ... Tt, [Eq. 3-21 

where 

In small non-urban watersheds, much of the travel Tc = time of concentration (hr) and 
time results from overland flow in upstream areas. m = number of flow segments. 
Typically, urbanization reduces overland flow lengths 
by conveying storm m o f f  into a channel as soon as 
possible. Since channel designs have efficient 
hydraulic characteristics, runoff flow velocity 
increases and travel time decreases. 

Slope 

Slopes may be increased or decreased by 
urbanization. depending on the extent of site grading 
or  the extent to which storm sewers and street 
ditches are used in the design of the water 
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Average velocity, f t / sec  

Figurc 3-1.-Average velocities for estimating travel time for shallow concentrated flow. 
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i Sheet flow .,, where 

Sheet flow is flow over plane surfaces. I t  usually 
occurs in the headwater of streams. With sheet flow, 
the friction value (31anning's n) is an effective 
roughness coefficient that includes the effect of 
raindrop impact; drag over the plane surface; 
obstacles such as litter, crop ridges, and rocks; and 
erosion and transportation of sediment. These n 
values are for vely shallow flow depths of about 0.1 
foot or  so. Table 3-1 gives Manning's n values for 
sheet flow for various surface conditions. 

For sheet flow of less than 300 feet, use Mandng's 
kinematic solution (Overton and Meadows 1976) to 
compute Tt: 

Tt  = travel time (hr), 
n = Manning's roughness coefficient (table 3.1). 
L = flow length (ft), 

-Pr  = 2-year, 24-hour rainfall (in). and 
s = slope of hydraulic grade line (land slope. 

ftlft). 

This simplified form of the Manning's kinematic 
solution is based on the following: (1) shallotv steady . 
uniform flow, (2) constant intensity of rainfall excess 
(that part of a rain available for runoff), (3) lainfall 
duration of 24 hours, and (4) minor effect of 
infiltration on travel time. Rainfall depth can be 
obtained from appendix B. 

[Eq. 3-31 
Shallow concentrated flow 

After a maximum of 300 feet, sheet flow usually 
becomes shallow concentrated flow. The average 
velocity for this flow can be determined from figure 

Table 3-1.-Roughness coefficients (Manning's n) for 3-1, in which average velocity is a function of 
sheet flow watercourse slope and type of channel. For slopes 

less than 0.005 ftlft, use equations given in appendix 
Surface description n1 F for figure 3-1. Tillage can affect the direction of 

shallow concentrated flow. Flow may not always be 
directly down the watershed slope if tillage runs 

Smooth surfaces (concrete, asphalt. gravel. or across the slope. 
................................... bare soil) 0.011 

After determining average velocity in figure 3-1. use ......................... Fallow (no residue). 0.05 equation 3-1 to estimate travel time for the shal!ow 

Ci~ltivated soils: concentrated flow segment. 

...................... Residue cover 620% 0.06 

...................... Residue cover > 20% 0.17 

Grass: 
........................ Short grass prairie 0.15 

............................ Dense grassesa 0.24 
Bermudagrass ............................. 0.41 

Range (natu-d) ............................. 0.13 

woods:= 
Light underbrush. ......................... 0.40 
Dense undehrush ......................... 0.80 

'The n values are a composite of information compiled by Enginan 
(1986). 
2Includes species such as weeping lovegrass. bluegrass. buffalo 
grass, blue grama grass. and native g r i i  mixtures. 
W h e n  selecting n. consider cover to a height of about 0.1 ft. This a': is the only part of the piant mver tint uiiI obstmet sheet flow, 

Open channels 

Open channels are assumed to begin where surveyed 
cross section information has been obtained. where 
channels are visible on aerial photographs. or  where 
blue lines (indicating streams) appear on United 
States Geological Survey (USGS) quadrangle sheets. 
Manning's equation or  water surface profile 
information can be used to estimate average flow 
velocity. Average flow velocity is usually determined 
for bank-full elevation. 
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Manning's equation is 

V = average velocity (ftts), 
r = hydraulic radius (ft) and is equal to alp,, 
a = cross sectional flow area (ftz), 

p, = wetted perimeter (ft), 
s = slope of the hydraulic grade line (channel 

slope, ftlft), and 
n = Manning's roughness coefficient for open 

channel flow. 

Manning's n values for open channel flow can be 
obtained from standard textbooks such as Chow 
(1959) or Linsley et al. (1982). After average velocity 
is computed using equation 3-4, Tt for the channel 
segment can be estimated using equation 3-1. 

Reservoirs or  lakes 

Sometimes it is necessary to estimate the velocity of 
flow through a reservoir or lake a t  the outlet of a 
watershed. This travel time is normally very small 
and can be assumed as zero. 

A culvert or bridge can act as a reservoir outlet if 
there is significant storage behind it. The 
procedures in TR-53 can be used to determine the 
peak flow upstream of the culvert. Detailed 
storage routing procedures should be used to 
determine the outflow through the culvert. 

Example 3-1 

The sketch below shows a watershed in Dyer 
County, northwestern Tennessee. The problem is to 
compute T, at the outlet of the watershed (point D). 
The 2-year 24-hour rainfall depth is 3.6 inches. -411 
three types of flow occur from the hydraulically most 
distant point (A) to the point of interest (D). To 
compute T,, fmt  determine Tt for each segment 
from the following information: 

Segment AB: Sheet flow; dense grass: slope (s) = 
0.01 ftlft; and length (L) = 100 ft. 

Segment BC: Shallow concentrated flow; unpaved; 
s = 0.01 ftlft; and L = 1400 ft. 

Segment CD: Channel flow; Manning's n = .05; 
flow area (a) = 27 ft2; wetted 
perimeter (pw) = 28.2 Et; s = 0.005 
ftlft; and L = 7300 ft. 

See figure 3-2 for the computations made on 
worksheet 3. 

Limitations 

Manning's kinematic solution should not be used 
for sheet flow longer than 300 feet. Equation 3-3 
was developed for use with the four standard 
rainfall intensity-duration relationships. 

In watersheds with storm sewers, carefully 
identlfy the appropriate hydraulic flow path to 
estimate T,. Storm sewers generally handle only a 
small portion of a large event. The rest of the 
peak flow travels by streets, lawns, and so on, to 
the outlet. Consult a standard hydraulics textbook 
to determine average velocity in pipes for either 
pressure or nonpressure flow. 

The minimum T,'used in TR-55 is 0.1 hour. 

(210-VI-TR-55, Second Ed., June 1986) 
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Worksheet 3: Time of concentration (Tc) or travel time (Tt) 

project  H e o v e * \ y  A c r e s  BY b 2  D~~~ ~ o l c l  as 
Location Dr*r C O U * ~ ~ , ~ * * * . . S ~ C  ~ h e c k e d z  k t e  ,oI81& 

Ci rc l e  one: Preaent Developed 

C i rc l e  one: 
0 0 Tt through subarea 

NOTES: Space f o r  a s  many a s  tvo aegmenta per flow type can be used fo r  each 
worksheet. 

Include a mep, schematic, o r  description of flow segments. 

Sheet flow (Applicable t o  Tc only) Segment I D  

............ 1. Surface descr ip t ion  ( t ab l e  3 t l )  

2. Manning's roughness coeff., n ( t a b l e  3-1) .. 
.......... 3. Flow length,  L ( t o t a l  L ( 300 f t )  f t  

4. Two-yr 24-hr r a i n f a l l ,  P2 .................. i n  

5. land slope. a .............................. f t / f t  

L 

Shallow concentrated flow 

...... Compute Tt h r  

Segment I D  

..... 7. Surface descr ip t ion  (paved o r  unpaved) 

............................. 8. Flov length,  L it 

....................... 9. Watercourse elope,  a f t l f t  

10. Average veloci ty ,  V ( f e u r e  3-1) ........... f t / s  

L ...... 11. Tt - 3600 V Compute Tt h r  

Channel flow Segment I D  

............... 12. cross  sectional flow area,  8 f t 2  

....................... 13. Wetted perimeter, p, f t  

8 
l b .  Hydraulic radius,  r I - Compute r ....... f t  

Pw 
15. Channel alope, a ........................... f t / f t  

.............. 16. Wnning'a roughness coeff., n 

17. V - 1.49 r 2 l 3  ....... n Compute V f t l a  

............................. 18. Plov length,  L t t  

20. Watershed 0. subarea T, 0. Tt (add Tt i n  a t eps  6, 11, and 19) ....... 

Figure 33.-Worksheet 3 for example 3-1. 
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APPENDIX H 

CALCULATIONS: 

MUSKINGUM ROUTING 

PARAMETERS 



S.O. NO. I6923 -H?d 
Subject: vMC I=[ oodpla i~ D e  I , h e a h  k~ . 
MOTQAK C [ k t  W O S ~  Sheet No. - of 

U ~ ~ ; V \ P U &  r ? ~ ~ \ ~ & ~ ~ ~ ' ~ D r a w i n ~ N o .  

Computed by 'v?/# Checked $ He Date 








