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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Interoffice Memorandum 

From: MI?%\) Date: Oct. 14, 1992 

Cc 

Subject: Review of Estrella Freeway Hydrology and Hydraulics for 
Design Concept Report dated Sept 9, 1992 by Stanley 

Consultants, Inc. for ADOT 

I have reviewed the HEC-1 modeling in the report. My comments 
are as follows: 

1. The previous HEC-1 model for Sun City West Expansion was 
developed for existing desert condition. Previous data on 
soils and land use were used in the latest model in which some 
surface disturbances will be made. Comparative peak discharge 
estimates are practically the same for both. 

2. Based on culvert length of 225' and total freeway length of 
7400' the area to be occupied by freeway will be about 38 
acres or roughly 14% of total area for sub-basins C1 - C4 and 
Dl - D4. Thus, the loss rate parameters? (Green and Arnpt) will 
be affected with a decrease in IA, XKSAT and Dtheta and an 
increase in RTIMP. These were not considered in the model. 

3. The watershed roughness coefficient Kb may be reduced to 
account for ground surface smoothing at the freeway site. 

4. Sub-basin C2 has 38 end-of-period ordinates in the model 
output, which is greater than the specified 36 ordinates in 
the IT record. Maybe a value of 40 will be more appropriate. 

5. If right-of-way will not be a limiting factor, natural earth 
channel (with proper landscaping) may used instead of the 
gunite channel in the HEC-1 model. It may be more economical 
to use earth channel. 
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INTRODUCTION 

The purpose of this report is to analyze the preliminary hydrology and hydraulics for the 

Estrella Freeway from Grand Avenue to Dysart Road. This section of freeway is being re- 

aligned from the original design concept route presented by Cella Barr and Associates in 1987 

and revised in 1990. The new alignment runs north of the original alignment and 

accommodates development of the Sun City West Expansion Area which is currently in the 

beginning stages of construction. 

This report is prepared as an addenda to two Cella Barr documents that accompanied the 

previous preliminary freeway location plan and profile. The k t  document is the Estrella 

Freeway Hydrologic Investigation Report dated July 14,1987. The second document is the 

Technical Memorandum - Estrella Freeway Drainage; Northwest Loop dated January 16,1990 

and revised December 21,1990. The Technical Memorandum contains a discussion of proposed 

drainage design concept and a preliminary cost analysis of proposed drainage structures. 

The Sun City West Expansion Area is a master planned residential community on roughly 840 

acres located north of Deer Valley Drive between 135th Avenue and 147th (or Bdard )  Avenue. 

Right-of-way for the Estrella Freeway adjacent to the Sun City West Expansion Area will be 

dedicated to ADOT by the developer, Del E. Webb Development Company. Construction of the 

freeway is not envisioned to start for several years. 

The offsite contributing drainage area for this section of the Estrella Freeway is relatively small 

in comparison to the rest of the fkeeway because it has been cut off by the existing McMicken 

Dam Outlet Channel and Diversion Dike located just north of the freeway alignment. This 



flood control facility has been designed to carry the 100-year discharge from McMicken Dam 

as well as the concurrent 100-year local drainage. The original offsite drainage area is reduced 

with the proposed shift in freeway alignment to the north. 

The original drainage concept for the Estrella Freeway presented by Cella Barr and Associates 

was to pass local drainage under the freeway at the larger washes via drainage cross culverts. 

Sheet flow and drainage from smaller washes would be intercepted by roadside ditch on the 

north side of the freeway and directed to one of the nearby culverts. The freeway profile was 

elevated above grade on the order of 8 to 12 feet. There was no detention of runoff proposed 

for any of the freeway right-of-way. 

The drainage concept presented in this report will be essentially the same as that proposed by 

Cella Barr with one exception. A drainage channel will be constructed along the north side of 

the Sun City West Expansion Area. This channel will be in place prior to freeway construction. 

It will intercept drainage h m  the north and carry it to a point roughly 850 feet west of the east 

limit of the development. At this point, it will enter the development and be carried in a 

system of drainage easement, golf course and open space channels. The Estrella Freeway cross 

culverts, when constructed, will drain into the Sun City West Expansion Area north channel. 



HYDROLOGY 

Cella Barr hydrology for their design concept was based on an area-discharge curve they 

developed from TR-55 results for several sample sub-basins. Each contributing drainage area 

was delineated, its area measured and a peak flow was estimated from the curve. All hydrology 

for local contributing areas was based on a 50-year return hquency. A copy of part of the Cella 

Barr Hydrologic Investigation Report has been included in Appendix D of this report. 

Methods used to estimate preliminary design flows and size drainage cross-culverts for the 

Estrella Freeway realignment covered in this report are essentially the same as those used by 

Cella Barr. Contributing flow rates are generally less since the offsite area has incidentally 

been reduced through re-alignment of the freeway. The general reduction in contributing flow 

also allows for a slight reduction in the number of cross-culvert locations in the re-aligned 

section of freeway. Preliminary hydrology for the re-aligned section is summarized in 

Appendix A of this report. 

Hydrology for the Sun City West Expansion Area north channel is based on methods from the 

Drainage Design Manual for Maricopa County, Volume 1, Hydrology. This hydrology is 

consistent with that from the Master Drainage Report for Sun City West Expansion Area dated 

August 11,1992 which has been approved by the Flood Control District of Maricopa County. 

A brief explanation of the methodology, summaries of basic input parameters and one of the 

HEC-1 models has been excerpted from the Master Drainage Report for Sun City West 

Expansion Area and are presented in Appendix F. 



Hydrology for the north channel is based on a 100-year return frequency. A 2-year return 

frequency was also considered. Two-year discharges were estimated based on the ratio of 2- 

year to 100-year precipitation. The offsite contributing area was assumed to be in existing 

condition for both the 2-year and 100-year discharges. 

For freeway drainage cross culverts, contributing areas were estimated based on a lower limit 

corresponding to the proposed south freeway right-of-way line. Contributing area to the 

proposed Sun City West Expansion Area north channel includes a l l  of the above and an 

additional sliver of adjacent Sun City West Expansion onsite area. 



HYDRAULICS 

It has been assumed in this report that the basic design concept envisioned by Cella Barr was 

to set cross-culvert grades a t  or slightly below the existing wash flow line. This concept will 

continue to be followed h m  Grand Avenue to Bullard Avenue (Bullard Avenue being the west 

limit of the proposed Sun City West Expansion Area). However, in order to lower the freeway 

profile adjacent to the Expansion Area, it is proposed to set culvert grades up to about 2 feet 

below existing flow lines adjacent to the proposed development. It is also proposed to limit the 

culverts in this area to reinforced concrete pipe with a diameter of 36 inches. 

A drop-style inlet would be incorporated with this culvert design concept. Scour protection 

would be necessary at both the inlet and outlet of each drop inlet culvert. A short section of 

channel would be necessary to connect culvert outlets with the Sun City West Expansion Area 

north channel. Schematic and typical illustrations are included in Appendix B which show the 

proposed culvert design concept. Preliminary hydraulic analysis is also included in Appendix 

B for two selected culverts. Culvert hydraulics are based on methods presented in Hydrologic 

Engineering Circular #5. A brief weir flow analysis was performed to evaluate controlling 

hydraulics a t  a typical culvert drop inlet. 

Design options for the Sun City West Expansion Area north channel consist of either an earth 

channel with a 5 to 10 foot bottom width and 3:l side slopes or a gunite lined channel with 8 

to 10 foot bottom and 112-1 to 1 side slopes. An earth channel would require some type of lining 

at  all the drainage inflow points along its reach to prevent scour. The general depth of either 

the earth or gunite channel is on the order of 4 to 5 feet below existing grade. This would allow 



for positive outfall of discharge h m  future heway  culverts, positive movement of suspended 

sediment loads through the culverts and allowance of the inlet control assumption in culvert 

hydraulic design. Preliminary hydraulic design of the proposed channel is summarized in 

Appendix B of this report. Preliminary plan and profile sheets illustrating the alignment and 

grade of the proposed channel and adjacent culverts is included in Appendix C. 



COST ESTIMATE 

A preliminary cost estimate was done for all the culverts from Station 1141+23 near Grand 

Avenue to Station 1317+95 just east of the 135th Avenue alignment. This cost estimate is 

only for drainage cross culverts and does not reflect any earthwork, pavement, channels or 

other improvements. It was done on the same unit cost basis as the estimate by CelIa Barr in 

their 1990 memorandum. 

Station l2uh23 Cost 

3-36" RCP x 250' 
2-6' x 6' CBC x 225' 
2-8' x 6' CBC x 225' 
4-36" RCP x 225' 
1-36" RCP x 225' 
1-36" RCP x 225' 
1-36" RCP x 225' 
2-36" RCP x 225' 
1-36" RCP x 225' 
2-36" RCP x 225' 
2-36" RCP x 225' 
6-36" RCP x 225' 
5-36" RCP x 225' 
3-36" RCP x 225' 
5-36" RCP x 225' 
8-36" RCP x 225' 
9-36" RCP x 225' 
3-8' x 6' CBC x 225' 

Pipe - $2.50 per diameter-inch per linear foot 
Box - $300.00 per cubic yard of concrete (includes wingwalls and rebar) 



To be consistent with the previous design concept, culvert hydrology in this report uses the 

same area-discharge methodology presented by Cella Barr and Associates. Hydrology for the 

Sun City West Expansion Area north channel is based on the County's Hydrology Manual, 

which the County requires, and is consistent with methods and general hydrology for that 

development. The 50-year peak flows from Cella Ban- curves are generally (and sometimes 

significantly) higher than the 100-year Hydrology Manual flows. This gives the appearance 

that either the Cella Barr method yields high results or the County method yields low results 

or both. 

Cella Barr acknowledges in their report that the area-discharge methods they used tend to 

produce conservatively high results. Their method also incorporates a 20 percent safety factor. 

In addition, contributing areas to proposed culverts in this report are slightly overestimated 

because they include the freeway itself. 

In a theoretical sense, the County's Hydrology Manual should yield more accurate results 

because it considers specific watershed characteristics and parameters as opposed to 

generalized curves. Peak discharges for individual sub-basins C1-C4 and Dl -D4 in this report 

may be slightly underestimated. However, with kinematic wave hydrograph routing in the 

north channel, hydrograph peaks are almost directly additive which would result in higher 

peak flows. Preliminary hydraulic design of the channel includes a 100-year freeboard of from 

1 to 3 feet. 



Hydrology for cross culverts in this report is not intended to go into great depth or detail since 

the freeway is many years away h m  construction and ADOT is currently revising its drainage 

methodology and requirements. Nor does hydraulic analysis of cross culverts go to great depth 

or detail. The number of culvert barrels suggested in this report at some locations is excessive 

in terms of conventional culvert design. This reflects a very preliminary and simplistic 

approach intended to allow for the lowest reasonable roadway profile adjacent to the Sun City 

West Expansion Area and for estimating associated drainage costs along the entire 

realignment. 

The preliminary hydraulic analysis for the two selected culverts in Appendix B is typical of all 

the culvert locations involving multiple barrel concrete pipes. A reduction in t'he number of 

36-inch culvert barrels can be achieved through the use of oval concrete pipe. A typical 

hydraulic analysis sheet is included in Appendix B for oval 53" wide by 3 4  high concrete pipe 

indicating it can convey more than half again as much as 3 6  diameter concrete pipe. 

It has been recommended by ADOT in paet coordination meetings that, where concrete box 

culverts are proposed, the minimum height should be 6 feet. This recommendation has been 

followed for culverts a t  stations 1144+00 and 1158+60. These culverts were originally proposed 

by Cella Barr as double 8' x 4' and double 10' x 4' boxes respectively. These culverts are now 

a double 6' x 6" box and double 8' x 6' box respectively. At all pipe culvert installations, we 

recommend a minimum of 3 6  diameter or 34" height on oval pipe. 

In the original preliminary design by Cella Barr, there were a total of 21 culvert locations in 

this section of freeway. With the realignment in this report and associated reduction in 



contributing drainage area, the total number of culverts has been reduced to 18. The total cost 

of Cella B d s  21 culverts was $1,678,688. The total cost of the 18 culverts in this report is 

$1,503,200. The additional cost of drop inlets to the culverts adjacent to the Sun City West 

Expansion Area is not reflected in the revised cost estimate. However, this cost would be more 

than offset by the savings in culvert cost and reduction in earthwork effort associated with the 

lower fi-eeway profile that the culvert concept enables. 



APPENDIX A 
HYDROLOGY 



BASIC INPUT P- FOR HEGl MODEL 11292A 

Acres EIC~LML Ft./Mi. Hrs/Min. & 
Slope 

Culvert Offsite Onsite Total Total In Ft. 
Sub-Basin Station Area Area Area Area Length Kb TC R El(High) El(Low) Per Mi. 

C1 1235+50 17 1 18 0.028 135W0.256 131 8 1315 11.7 0.08 0.479128.8 0.422 

Loss Rates for Green and AMPT Record 





* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
t SEPTEMBER 1990 * 

VERSION 4.0 t 

* * 
* RUN DATE 09/04/1992 TIME 15:49:39 * * * 
.................................... 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 609 SECOND STREET t 

* DAVIS, CALIFORNIA 95616 * 
(916) 756- 1104 t 

* * 

THE D E F I N I T I O N S  OF VARIABLES - R T I R -  AND -RTIOR- HAVE CHANCED FROM THOSE USED V I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD UAS CHANGED WITH REVISIONS DATED 28 SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L C U  SUBMERGENCE , SINGLE EVENT DAHAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC UAVE: NEU F I N I T E  DIFFERENCE ALGORITHM 

HEC-1 INPUT PAGE 1 

L I N E  I D  ....... 1 ....... 2 ....... 3 ....... 4 ....... 5 ....... 6 ....... 7 ....... 8 ....... 9 ...... 10 

1 I D  
2 I D  ESTRELLA FREEWAY PROJECT RAM-600-0-301 
3 I D  FILENAME : 11292A DATE : SEPTEMBER 4, 1992 
4 I D  NORTH CHANNEL 10DYR-2HR SUN C I T Y  UEST EXP AREA 
5 I D  

*DIAGRAM 
6 I T  5 36 
7 1 0  3 

KK SUBCl RUNOFF HYDROGRAPH FROM AREA SUBCl 
BA .028 
I N  5 
PB 2.770 
PC -000 ,011 .018 . D U -  -028 .032 .046 .071 ,100 .I37 
PC .I76 .232 .327 .601 .743 .863 -901 .930 .954 .962 
PC .970 .979 .982 .992 1.000 
LG .35 .35 6.05 .20 1 
UC .479 .422 
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

R C K Z  ROUTE HYDROGRAPH SUBCl THRU REACH C2; W N I T E  CHANNEL 
1400 .005 .016 TRAP 10 .5 

SUBCZ RUNOFF HYDROGRAPH FROM AREA SUBC2 
.027 
.35 .35 6.05 .20 1 

.512 -531 
0 3 5 8 12 20 43 75 90 96 

100 

S W C Z  COMBINE HYDROGRAPHS RCHC2 AND SUBC2 

RCHC3 R W T E  HYDROGRAPH SUMCZ THRU REACH C3; GUNITE CHANNEL 
1600 .005 .016 TRAP 10 .5 

SUSQ RWIOFF HYDROGRAPH FROM AREA SUBC3 
.064 
.35 -35 6.05 .20 1 
.a8 .382 

0 3 5 8 12 20 43 75 90 96 



KK SUC3 COMBINE HYDROGRAPHS RCHC3 AND SUBC3 
HC 

KK RCHC4 ROUTE HYDROGRAPH SMC3 THRU REACH C4; GUNITE CHANNEL 
RK 1400 -005 -016 TRAP 10 .5 

HEC-1 INPUT PAGE 2 

LINE 

KK SUBC4 RUNOFF HYDROGRAPH FROM AREA SUBC4 
BA .058 
LG .35 .35 6.05 .20 1 
UC -479 .441 
U A 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK SUMC4 COMBINE HYDROGRAPHS RCHC4 AND SUBC4 
HC 

KK RCHDl ROUTE HYDROGRAPH SUMC4 THRU REACH Dl ;  GUNITE CHANNEL 
RK 600 .005 .016 TRAP 10 .5 

SUBD 1 RUNOFF HYDROGRAPH FROM AREA SUB01 
.033 
.35 -35 4.34 .26 1 

.408 -458 
0 3 5 8 12 20 43 75 90 96 

100 

SUI(D1 COMBINE HYDROGRAPHS RCHDl AND WBDI 

RCHD2 ROUTE HYDROGRAPH SUMD1 THRU REACH D2; GUNITE CHANNEL 
900 .005 ,016 TRAP 10 .5 

KK SUED2 RUNOFF HYDROGRAPH FROM AREA SUBD2 
BA .055 
LG .35 .35 4.34 .26 1 
UC -475 .480 
UA 0 3 5 8 12 20 43 75 90 96 
UA 100 

KK SUMDZ COMBINE HYDROGRAPHS RCHD2 AND SUBD2 
HC 

KK RCHD3 ROUTE HYDROGRAPH SUMO2 THRU REACH D3; GUNITE CHANNEL 
RK 850 .005 .016 TRAP 10 .5 

SUBD3 RUNOFF HYDROGRAPH FROM AREA SUBD3 
.081 
.35 .35 4.34 .26 1 

.533 .504 
0 3 5 8 12 20 43 75 90 96 

100 

-3 W I N E  NYDROCRAPHS RCHD3 AND SUED3 

PAGE 3 

LINE 

KK WBD4 RUNOFF HYDROGRAPH FROM AREA SUB04 
BA .089 
LG .35 .35 4.34 .26 1 

KK RCHD4 ROUTE HYDROGRAPH SUED4 THRU REACH D4; WNITE CHANNEL 
RK 850 .005 ,016 TRAP 10 .5 

KK SWD4 COMBINE HYDROGRAPHS RCHD4 AND -3 
HC 
zz 

SCHEMATIC D I A G W  OF STREAM NETWORK 



INPUT 
L INE  (V) ROUTING ( - - - > I  DIVERSION OR PUMP F L W  

NO. (.) CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED F L W  

SUBC4 

SUHC4............ 
v 
v 

RCHDl 

SUED 1 

SUMDI............ 
v 
v 

RCHDZ 

sum2 

W Z . . . . . . . . . . . .  
v 
v 

RCHD3 

SUBD3 

SUMD3............ 

SUB04 
v 
v 

RCHD4 

SUDS............ 

(***) RUNOFF ALSO COMPUTED AT TH IS  LOCATION 
.......................................... 
* * 

FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 9 9 0  
* VERSION 4.0 t 

* * 
RUN DATE 09 /04 /1992  TIME 15:49:39 * 

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

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 9 5 6 1 6  * 
* (916) 756 -1104  * 
* * 
....................................... 



ESTRELLA FREEWAY PROJECT RAM-600-0-301 
FILENAME : 11292A DATE : SEPTEMBER 4, 1992 
NORTH CHANNEL 100YR-2HR SUN CITY WEST EXP AREA 

7 I0 OUTPUT CONTROL VARIABLES 
I PRNT 3 PRINT CONTROL 
I PLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

IT HYDROGRAPH TIME DATA 
NMIN 5 MINUTES IN COMPUTATION INTERVAL 
IDATE 1 0 STARTING DATE 
ITIME 0000 STARTING TIME 

NQ 3 6  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDTIME 0255 ENDING TIME 
ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 2.92 HOURS 

ENGLISH UNITS 
DRAINAGE AREA SQUARE MILES 
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
F L W  CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

* * 
8 KK * SUBCl * RUNOFF HYDROGRAPH FROn AREA SUBCl * 

10 IN TIME DATA FOR INPUT TIME SERIES 
JXnlN 5 TIME INTERVAL IN MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

9 BA SUBBASIY CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

11 PB STORM 2.77 BASIM T O T M  PRECIPITATION 

12 PI INCREMENTAL PRECIPITATIOY PATTERN 
.O1 .01 .01 .01 .OO .01 .03 .03 .04 .W 
.06 .W .27 .16 .I2 .04 .03 -02 .01 .O1 
.O1 . 00 .01 -01 

15 LG GREEN AND N P T  LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSIF 6.05 MTTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

16 UC CLARK UNITGRAPH 
TC .48 TIME OF CONCENTRATION 
R .42 STORAGE COEFFICIENT 

17 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 7f.O 90.0 96.0 



TOTAL RAINFALL = 

PEAK FLOU T I N E  

+ (CFS) (HR) 

+ 36. 1.50 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .48  HR, R= .42 HR 

SNYDER TP= .42 HR, CP= .65 

U N I T  HYDROGRAPH 
31 END-OF-PERIOO ORDINATES 

3. 6. 17. 28. 28. 24. 20. 16. 13. 
9. 7. 6. 5. 4. 3. 3. 2.  2 .  
1. 1. 1. 1. 1. 0. 0. 0. 0. 

HYDROGRAPH AT STATION SUBCl 

2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 2.92-HR 

(CFS) 
9.  9. 9. 9. 

(INCHES) 1.417 1.417 1.417 1.417 
(AC-FT) 2. 2. 2. 2. 

CUMULATIVE AREA = .03 SP M I  

************** 
* * 

1 9  KK * RCHCZ ROUTE HYDROGRAPH SUBCl THRU REACH C2; GUNITE CHANNEL * 
************** 

HYDROGRAPH ROUTING DATA 

KINEMATIC WAVE STREAM ROUTING 
L 1400. CHANNEL LENGTH 
S .0050 SLOPE 
N ,016 CHANNEL ROUGHNESS COEFFICIENT 

CA -00 CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

UD 10.00 BOTTOn UIDTH OR DIAMETER 
Z .50 S I D E  SLOPE 

NDXMIN 2 M I Y I W I (  NUMBER OF DX INTERVALS 

COMPUTED KINEUATIC PARAMETERS 
VARIABLE T I E  STEP 

(DT S H W  I S  A MINIMUM) 

ELEMENT ALPHA M DT DX PEAK T I M E T O  VOLUME MAXIMUM 
PEAK CELERITY 

(MIN) (FT) (CFS) ( M I N I  ( I N )  (FPS) 

MAIN 1.75 1.49 1.15 466.67  35.78 92.76 1.41 7.11 

CONTINUITY SUMMARY (AC- FT) - l N F L W =  .2117E+01 EXCESS= .0000E+W OUTFLOW .2099E+01 BASIN STORAGE= .2070E-01 PERCENT ERROR= - .1 

1 NTERPOLATED TO SPEC1 F I ED COMPUTAT 1 ON INTERVAL 

MAIN 1.75 1.49 5.00 35 .77  95.00 1.40 

HYDROGRAPH AT STATION RCHC2 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 



6-HR 24-HR 72-HR 2.92-HR 
t (CFS) (HR) 

(CFS) 
t 36. 1.58 9. 9. 9. 9. 

(INCHES) 1.399 1.399 1.399 1.399 
(AC-FT I  2. 2. 2. 2. 

C W L A T I V E  AREA = .03 SP MI 

************** 
* * 

2 1  KK SUBC2 * RUNOFF HYDROGRAPH FROn AREA SUBC2 * 
************** 

SUBBASIN RUNOFF DATA 

22 BA SUBBASIN CHARACTERISTICS 
TAREA .03 SUBBASIN AREA 

PRECIPITATION DATA 

1 1  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

1 2  P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .O1 .O1 .OO .01 .03 
.06 .09 .27  .14 .12 . 06 .03 
.O1 .oo .01 .01 

2 3  LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEF IC IT  
P S I F  6.05 VETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
R T l  MP 1.00 PERCENT IMPERVIOUS AREA 

2 4  UC CLARK UNITGRAPH 
TC .51 TIME OF CONCENTRATION 

R .53 STORAGE COEFFICIENT 

2 5  UA ACCUMULATED-AREA VS. TIHE, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UN IT  HYDROCRAPH PARAMETERS 
CLARK TC= - 5 1  HR, R= - 5 3  HR 

SNYDER TP= .47 HI,  CP= .63 

UNIT  HYDROGRAPH 
38 END-OF-PERIOD ORDINATES 

4 .  11. 20. 23. 21. 18. 16. 13. 
8. 7. 6. 5. 4. 4. 3. 3. 
2 .  1. 1. 1. 1. 1. 1. 1. 
0. 0. 0. 0. 0. 0. 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

P E A K F L W  TIME MAXIlCll AVERAGE F L W  
6-HR 24-mR 72-IiR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 30. 1.58 8. 8. 8. 8. 
(INCHES) 1.371 1.371 1.371 1 - 3 7 1  

(AC-FT) 2 .  2. 2 .  2 .  

W L A T I V E  AREA = - 0 3  SQ M I  



* * 
2 7  KK * SUMC2 * CONBINE HYDROGRAPHS RCHC2 AND SUBC2 * * 

************** 

28 HC HYDROGRAPH CONBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMCZ 

PEAKFLOW TIME M A X I M  AVERAGE FLOU 
6-HR 24-HU 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 66. 1.58 17. 17. 17. 17. 
(INCHES) 1.385 1.385 1 -385 1 -385 

(AC-FT) 4. 4. 4. 4. 

CWULATIVE AREA = .05 SQ M I  

************** 
* * 

2 9  KK * RCHC3 * ROUTE HYDROGRAPH SUMC2 THRU REACH C3; GUNITE CHANNEL * 
************** 

HYDROGRAPH RWTINC DATA 

3 0  RK KINEMATIC UAVE STREAM RWTING 
L 1600. CHANNEL LENGTH 
S .0050 SLOPE 
N .016 CHANNEL RWGHNESS COEFFICIENT 
U .OO CONTRIBUTING AREA 

SHAPE TRAP CHANNEL SHAPE 
UD 10.00 BOTTffl WIDTH OR DIAMETER 
Z - 5 0  SIDE SLOPE 

NDXMIN 2 MINIMUM N W E R  OF DX INTERVALS 

rcr 

COMPUTED KINEMATIC PARAMETERS 
VARIABLE TIME STEP 

( D l  SHOUY I S  A M1NI)ILDo 

ELEMENT ALPHA II DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

(MINI  (FT) (CFS) (MIU) ( I N )  (FPS) 

CONTINUITY SUMMARY (AC-FT) - INFLOU- .4064E+01 EXCESS= .0000E+00 WTFLOVI .4029E+01 BASIN STORAGE= .4724E-01 PERCENT ERROR= -.3 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

PEAK FLOU TIME HAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 



+ (CFS) (HR) 
(CFS) 

+ 64. 1.58 17. 17. 17. 17. 
(INCHES) 1.367 1.367 1.367 1.367 

(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .05 SP H I  

3 1  KK * SUBC3 RUNOFF HYDROGRAPH FRON AREA SUBC3 * 

SUBBASIN RUNOFF DATA 

3 2  BA SUBBASIN CHARACTERISTICS 
TAREA -06 SUBBASIN AREA 

PRECIPITATION DATA 

1 1  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

12 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .01 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .O1 .O1 
.01 .oo .01 .01 

33 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEF IC IT  
P S I  F 6.05 UETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIMP 1 .00 PERCENT IMPERVIOUS AREA 

34 UC CLARK UNITGRAPH 
TC .49 TIME OF CONCENTRATION 

R .38 STORAGE COEFFICIENT 

35 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

W I T  HYDROGRAPH P A R M T E R S  
CLARK TC= .49 HR, R= .38HR 

SUYDER TP= .CZ HU, CP= .70 

W I T  HYDROGRAPH 
28 END-OF-PERIOO ORDINATES 

2. 6. 14. 41. 67. 69. 58. 47. 38. 30. 
24. 20. 16. 13. 10. 8. 7. 5. 4. 3. 
3. 2. 2. 1. 1. 1. 1. 1. 

*** *** *** *** **+ 

HYDROGRAPH AT STATION SUBC3 

TOTAL RAINFALL = 2.77. TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMW AVERAGE FLOU 
6-HR 24-HR 72-HR 2.92-HR 

(CFS) 
+ 87. 1.58 20. 20. 20. 20. 

(INCHES) 1.429 1.429 1.429 1.429 
(AC-FT) 5. 5. 5. 5. 

CUWULATIVE AREA = -06 SQ M I  I 



************** 
* * 

3 7  KK * SUHC3 * COMBINE HYDROGRAPHS RCHC3 AND SUBC3 * * 
************** 

3 8  HC HYDROGRAPH COMBINATION 
I COHP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMC3 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 151. 1.58 37. 37. 37. 37. 
(INCHES) 1.401 1.401 1.401 1.401 

(AC- FT 9. 9. 9. 9. 

CUMULATIVE AREA = .12 SP M I  

* * 
39 KK * RCHC4 * ROUTE HYDROGRAPH SUMC3 THRU REACH C4; GUNITE CHANNEL * 

HYDROGRAPH ROUTING DATA 

KINEMATIC U V E  STREAM ROUTING 
L 1400. CHANNEL LENGTH 
S - 0 0 5 0  SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 
U .OO CONTRIBUTING AREA 

SHAPE TRAP CHANNEL SHAPE 
U) 10.00 BOTTOM WIDTH OR DIAMETER 

2 .50 S I D E  SLOPE 
N D M I N  2 MINIMUM NUMBER OF DX INTERVALS 

CU4FVTED K l N E l U T I C  PARAMETERS 
VARIABLE TIME STEP 

(DT SHOW I S  A M I N I I L D O  

ELEMENT MPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

( M I N I  (FT) (CFS) ( M I N I  ( I N )  (FPS) 

MAIN 1.75 1.49 .79 466.67 150.17 96.55 1.39 11.44 

CONTINUlTY SUMMARY (AC-FT) - IYFLOVI .8889E+01 EXCESS= .0000E+OD OUTFLOW. .8838E+01 BASIN STORAGE- .6064E-01 PERCENT ERROR= -.1 

INTERPOLATED TO SPECIFIED C W U T A T I O N  INTERVAL 

HYDROGRAPH AT STATION RCHC4 

PEAK FLOW TIME MAXlHUll AVERAGE FLOY 
6- HR 24-HR 72- HR 2.92-HR 



+ 148. 1.58 37. 37. 37. 
(INCHES) 1.391 1.391 1.391 

(AC-FT) 9. 9. 9. 

I CUMULATIVE AREA = .12 SQ H I  

41 KK * SUBC4 RUNOFF HYDROGRAPH FROM AREA SUBC4 * * 
************** 

SUBBASIN RUNOFF DATA 

4 2  BA SUBBASIN CHARACTERISTICS 
TAREA .06 SUBBASIN AREA 

PRECIPITATION DATA 

1 1  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

12 P I  INCREMENTAL PRECIPITATION PATTERN 
.D l  .01 .01 .01 .OO .01 .03 
.06 .09 .27 .14 .12 .04 .03 
.O1 .oo .O1 .01 

4 3  LG GREEN AND AUPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 UOISTURE DEF IC IT  
P S I F  6.05 WETTING FRONT SUCTION 

XKSAT .20 HYDRAULIC CONDUCTIVITY 
RTIHP 1.00 PERCENT IUPERVIWS AREA 

4 4  UC CLARK UNITGRAPH 
TC .48 T I E  OF CONCENTRATION 

R .64 STORAGE COEFFICIENT 

4 5  UA ACCUUULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT  HYDROGRAPH PARMETERS 
CLARK TC= .48 HR, R= .44 HR 

SNYDER TP= .42 HR, CP= .63 

UNIT  HYDROGRAPH 
32 END-OF-PERIOD ORDINATES 

2. 5. 12. 35. 56. 56. 49. 40. 33. 28. 

HYOUOGRAPN AT STATION WC4 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK F L W  T IHE  MAXIMUM AVERAGE F L W  
6-HR 24-UR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 72. 1.58 18. ' 18. 18. 18. 
(INCHES) 1.411 1.411 1.411 1.411 

(AC-FT) 4. 4. 4. 4. 



****it********* 

* * 
4 7  KK * SUMC4 * COMBINE HYDROGRAPHS RCHC4 AND SUBC4 * * 

************** 

4 8  HC HYDROGRAPH CWBINATION 
I COUP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMC4 

PEAK FLOW TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 220. 1.58 55. 55. 55. 55. 
(INCHES) 1.398 1.398 1.398 1.398 
(AC-FT) 13. 13. 13. 13. 

CUMULATIVE AREA = .18 SP MI 

************** 
* * 

49 KK * RCHDl * R W T E  HYDROGRAPH SUMC4 THRU REACH Dl; GUNITE CHANNEL * * 
************** 

HYDROGRAPH ROUTING DATA 

KINEMATIC UAVE STREAM ROUTING 
L 600. CHANNEL LENGTH 
S .0050 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

CA .OO CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

W 10.00 BOTTW UlDTH OR DIAMETER 
Z .50 SIDE SLOPE 

NDXM I N 2 ~ I N I M  NUMBER OF DX INTERVALS 

*** 
C W T E D  KINEMATIC PARAMETERS 

VARIABLE T I M  STEP 
(DT S H O W  IS A MINIIIW) 

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME HA XI MU^ 
PEAK CELERI TY 

(MINI (FT) (CFS) (MIN) (IN) (FPS) 

CONTINUITY SUMMARY (AC-FT) - INFLOW .1319E+02 EXCESS= .000DE+00 OUTFLOW .1316E+02 BASIN STORAGE= .3453E-01 PERCENT ERROR. .O 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

MAIN 1.75 1.49 5.00 218.66 95.00 1.40 

HYDROGRAPH AT STATIOU RCHDl 

PEAKFLGU TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 219. 1.58 55. 55. 55. 55. 



(INCHES) 1.396 1.396 1.396 1.396 
(AC-FT) 13. 13. 13. 13. 

CUMULATIVE AREA = .18 SP M I  I 

* 
51KK * SUBDl * RUNOFF HYDROGRAPH FROM AREA SUBDl * * 

SUBBASIN RUNOFF DATA 

52 BA SUBBASIN CHARACTERISTICS 
TARE A .03 SUBBASIN AREA 

PRECIPITATION DATA 

11 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

12 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .01 .OO .O1 .03 .03 .04 .04 
.06 .09  .27 .14 .12 .04 .03 .02 .O1 .01 
.O1 .oo .O1 .01 

53 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEF IC IT  
P S I F  4.36 WETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
R T I W  1.00 PERCENT I W E R V I W S  AREA 

54 UC CLARK UNITGRAPH 
TC .41 TIME OF CONCENTRATION 

R .46 STORAGE COEFFICIENT 

55 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

*** 

W I T  HYDROGRAPH PARAMETERS 
CLARK TC= .41 HR, R= -46 HR 

SNYDER TP= .39 HR, CP= .62 

UNIT  HYDROGRAPH 
33 END-OF-PER1 OD ORDINATES 

1. 4. 12. 27. 33. 30. 25. 21. 17. 14. 
12. 10. 8. 7. 6. 5. 4. 3. 3. 2. 
2. 2. 1. 1. 1. 1. 1. 1. 0. 0. 
0. 0. 0. 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOU 
6- HR 24-HR 72- HR 2.92-HR 

(CFS) 
+ 41. 1.50 10. 10. 10. 10. 

(INCHES) 1.405 1.405 1.405 1.405 

CUMULATIVE AREA = .03 SQ M I  



************** 
* * 

5 7  KK * SUMDI * COMBINE HYDROGRAPHS RCHDl AND SUBD1 * * 
************** 

5 8  HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMD1 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 258. 1.58 65. 65. 65. 65. 
(INCHES) 1.397 1.397 1.397 1.397 

(AC-FT) 16. 16. 16. 16. 

C W L A T I V E  AREA = .21 SP MI 

************** 
* * 

5 9  KK * RCHD2 * ROUTE HYDROGRAPH S U N 1  THRU REACH D2; GUNITE CHANNEL * * 
************** 

HYDROGRAPH ROUTING DATA 

6 0  RK KINEMATIC WAVE STREAM ROUTING 
L 900. CHANNEL LENGTH 
S .0050 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 

CA - 0 0  CONTRIBUTING AREA 
SHAPE TRAP CHANNEL SHAPE 

UD 10.00 BOTTW WIDTH OR DIAMETER 
Z .50 SIDE SLOPE 

NDXMIN 2 MINIMUM NUWBER OF DX INTERVALS 

*** 
COMPUTED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
(DT S H W  I S  A MINIMUM) 

ELEMENT ALPHA W DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

(M IN I  (FT) (CFS) ( M I N I  ( I N )  (FPS) 

MAIN 1.75 1.19 .49 300.00 256.63 95.76 1.39 13.66 

CONTINUITY SUMMARY (AC-FT) - INFLOW .156SE+02 EXCESS= .0000E+00 WTFLOU= .1559E+02 BASIN STORAGE= .5920E-01 PERCENT ERROR= .O 

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL 

MAIN 1.75 1.49 5.00 254.78 95.00 1.39 

HYDROGRAPH AT STATION RCHD2 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) 
(CFS) 

+ 255. 1.58 65. 65. 65. 65. 
(INCHES) 1.394 1.394 1.394 1.394 



(AC-FT) 16. 16. 16. 16. 

CUMULATIVE AREA = .21 SQ MI 

61 KK * SUBD2 * RUNOFF HYDROGRAPH FROH AREA SUBD2 * * 

SUBBASIN RUNOFF DATA 

62 BA SUBBASIN CHARACTERISTICS 
TAREA .05 SUBBASIN AREA 

PRECIPITATION DATA 

11 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

12 PI INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .01 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .06 .03 .02 .01 .01 
.O1 .oo .O1 .O1 

63 LG GREEN AND AHPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSI F 4.34 WETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1 .00 PERCENT IMPERVIOUS AREA 

64 UC CLARK UNITGRAPH 
TC .47 TIME OF CONCENTRATION 
R .48 STORAGE COEFFICIENT 

65 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .47 HR, R= .48 HR 

SNYDER TP= .42 HR, CP= .60 

UNIT HYDROGRAPH 
34 END-OF-PERIOD ORDINATES 

2. 5. 11. 32. 50. 50. 44. 37. 31. 26. 
22. 18. 16. 13. 11. 9. 8. 7. 5. 5. 
4. 3. 3. 2. 2 .  2. 1. 1. 1. 1. 
1. 1. 0. 0. 

PEAK F L W  TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 65. 1.58 17. 17. 17. 17. 
(INCHES) 1.392 1.392 1.392 1.392 
(AC-FT) 4. 4. 4. 4. 

CUMULATIVE AREA = .05 SQ MI 



************** 
* * 

6 7 K K  * SUMD2 * COMBINE HYDROCRAPHS RCHD2 AND SUBD2 * * 

6 8  HC HYDROGRAPH C W B l N A T I O N  
I COHP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STAT1 ON S W D 2  

PEAK FLOU TIME MAXlMUM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 

. . 
(CFS) 

+ 320.  1.58 82. 82. 82. 82. 
(INCHES) 1.393 1.393 1.393 1.393 

CUMULATIVE AREA = . 2 7  SP M I  

* * 
6 9  KK * RCHD3 ROUTE HYDROGRAPH SUHD2 THRU REACH D3; GUNlTE CHANNEL 

* * 

HYDROGRAPH ROUTING DATA 

KINEMATIC WAVE STREAM ROUTING 
L 850.  CHANNEL LENGTH 
S .0050 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 
CA .OO CONTRlBUTING AREA 

SHAPE TRAP CHANNEL SHAPE 
UD 10.00 BOTTOM UIDTH OR DIAMETER 

Z - 5 0  S I D E  SLOPE 
NDXM I N 2 MINIMUM N W E R  OF DX INTERVALS 

*** 
-TED KINEMATIC PARAMETERS 

VARIABLE TIME STEP 
(DT SHOUW I S  A MlNl)(UI() 

ELEMENT ALPHA n DT DX PEAK TIME TO VOLUME HAXIMUM 
PEAK CELERITY 

CHIN) (FT) (CFS) ( M I N I  ( I N )  (FPS) 

MAIN 1.75 1.49 .35 283.33 319.62 95.67  1.39 14.67  

CONTINUITY SUMMARY (AC-FT) - 1 N F L W 1  .1969E+02 EXCESS= .0000E+W W T F L O V I  .1964E+02 BASIN STORAGES .6719E-01 PERCENT ERROR= -.1 

INTERPOLATED TO EPEClF lED COIWTATIOY INTERVAL 

HYDROGRAPH AT STATION RCHD3 

PEAK F L W  TIME W I C R I I I  AVERAGE FLOU 
6- HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 317. 1.58 82. 82. 82. 82. 
(INCHES) 1.390 1.390 1.390 1.390 

(AC-FT) 20. 20. 20. 20. 



CUMULATIVE AREA = .27 SP M I  

7 1  KK * SUBD3 * RUNOFF HYDROGRAPH FROH AREA SUBD3 * * 
************** 

SUBBASIN RUNOFF DATA 

7 2  BA SUBBASIN CHARACTERISTICS 
TAREA .08 SUBBASIN AREA 

PRECIPITATION DATA 

11  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

12 P I  INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .01 .OO .O1 .03 
.06 .09 .27 .14 .12 .04 .03 
.O1 .oo .01 .O1 

73 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEFICIT 
PSIF 4.34 UETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

7 4  UC CLARK UNITGRAPH 
TC .53 TIME OF CONCENTRATION 

R - 5 0  STORAGE COEFFICIENT 

75 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= .53 HR, R= .50 HR 

SNYDER TP= .49 HR, CP= .67 

W I T  HYDROGRAPH 
36 END-OF-PERIOD ORDINATES 

2. 6. 11. 30. 59. 72. 67. 58. 49. 42. 
35. 30. 25. 21. 18. 15. 13. 11. 9. 8. 
7. 6. 5. 4. 3. 3. 2. 2. 2. 2. 
1. 1. 1. 1. 1. 1. 

*** *** *** *** *** 

HYDROCRAPU AT STATION SUB03 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK F L W  TIME MAXIMUM AVERAGE F L W  
6- HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 93. 1.58 25. 25. 25. 25. 
(INCHES) 1.376 1.376 1.376 1.376 

(AC-FT) 6. 6. 6. 6. 

CUHULATIVE AREA = .D8 SP M I  I 



* * 
77 KK * SUMD3 * COMBINE HYDROGRAPHS RCHD3 AND SUBD3 * * 

************** 

78 HC HYDROGRAPH CONBINATION 
I COHP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STAT ION SUMD3 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 409. 1.58 106. 106. 106. 106. 
(INCHES) 1.387 1.387 1.387 1.387 

(AC-FT) 26. 26. 26. 26. 

CUEUILATIVE AREA = .35 SP MI 

* * 
79 KK * SUBD4 * RUNOFF HYDROGRAPH FROW AREA SUED4 * * 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .09 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .01 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27  .14 .12 .04 .03 .02 - 0 1  .O1 
.O1 . 0 0  .01 .01 

GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE DEF IC IT  
P S I  F 4.34 WETTING FRWT SOCTIW 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
R T I W  1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPY 
TC .51 TIME OF CONCENTRATION 

R .46 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

W I T  HYDROGRAPH PARMETERS 
CLARK TC= .51HR, R= .46 HR 

SNYDER TP= .46 HR, CP= .69 

UN IT  HYDROGRAPH 
33 END-OF-PERIOD ORDINATES 

2. 7. 15. 41. 76. 86. 77. 64. 54. 45. 
37. 31. 26. 22. 18. 15. 12. 10. 9. 7. 
6. 5. 4. 3. 3. 2. 2. 2. 1. 1. 
1. 1. 1. 



HYDROGRAPH AT STATION SUED4 

I TOTAL RAINFALL = 2 . n ,  TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK FLOW TIHE 

+ (CFS) (HR) 

MAXIMUM AVERAGE F L W  
6- HR 2 4  - HR 7 2 - H I  2.92-HR 

(CFSI 
+ 109. 1.58 28. 28. 28. 28. 

(INCHES) 1.398 1.398 1.398 1.398 

I (AC-FT) 7. 7. 7. 7. 

I CUMULATIVE AREA = .09 SP n~ 

8 5  KK RCHD4 * ROUTE HYDROGRAPH SUBD4 THRU REACH D4; GUNITE CHANNEL 

HYDROGRAPH ROUTING DATA 

86 RK KINEMATIC UAVE STREAM ROUTING 
L 850. CHANNEL LENGTH 
S .0050 SLOPE 
N .016 CHANNEL ROUGHNESS COEFFICIENT 
U .OO CONTRIBUTING AREA 

SHAPE TRAP CHANNEL SHAPE 
U) 10.00 BOTTOM UIDTH OR DIAMETER 

Z .50 SIDE SLOPE 
N D W I N  2 MINII IUII  NUMBER OF DX INTERVALS 

*** 
C W U T E D  KINEHATIC PARAMETERS 

VARIABLE TIME STEP 
(DT SHWN I S  A M I N I I I W )  

ELEMENT ALPHA M DT DX PEAK TIME TO VOLUME MAXIMUM 
PEAK CELERITY 

(MIN) (FT) (CFS) ( M I N I  ( I N )  (FPS) 

MAIN 1.75 1.49 .56 283.33 108.66 96.17 1.39 10.28 

CONTINUITY SUMMARY (AC-FT) - INFLOUx .6634E+01 EXCESS= .0000E+W OUTFLOW .6607E+01 BASIN STORAGE= .3084E-01 PERCENT ERROR= .O I 
INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL I 

HYDROGRAPH AT STATION RCHD4 

PEAK FLOU TIME WIM AVERAGE F L W  
6-HR 24-HR 72-HR 2.92-HR 

+ (CFS) (HR) 
(CFSI  

+ 108. 1.58 27. 27. 27. 27. 
(INCHES) 1.393 1.393 1.393 1.393 

(AC-FT) 7. 7. 7. 7. 

CUMULATIVE AREA = .w EP HI 



87 KK * SUMO4 * COMBINE HYDROGRAPHS RCHD4 AND SUMD3 * * 
************** 

88 HC HYDROGRAPH COHBINATION 
1 C W  2 NWBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATIW SUMD4 

PEAKFLW TIME HAXIMUM AVERAGE FLW 
6-HR 24-HR R - H R  2.92-HR 

+ (CFS) (HR) 
(CFS) 

+ 517. 1.58 134. 134. 134. 134. 
(INCHES) 1.388 1.388 1.388 1.388 

(AC-FT) 32. 32. 32. 32. 

CUUULATIVE AREA = .44 SP M I  

RUNOFF SUMMARY 
FLW IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLW FOR MAXIMUM PERIOD 
OPERATION STAT I ON FLOW PEAK 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SUBCl 36. 1.50 9. 9. 9. 

ROUTED TO 
+ RCHCZ 36. 1.58 9. 9. 9. 

HYDROGRAPH AT 
+ SUBC2 30. 1.58 8. 8. 8. 

2 COMBINED AT 
+ SUnCZ 66. 1.58 17. 17. 17. 

ROUTED TO 
+ RCHC3 64. 1.58 17. 17. 17. 

HYDROGRAPH AT 
+ SUBC3 87. 1.58 20. 20. 20. 

2 COMBINED AT 
slIMf.3 151. 1.58 

ROUTED TO 
+ R C H a  148. 1.58 37. 37. 37. 

HYDROGRAPH AT 
+ SU8C4 72. 1.58 18. 18. 18. 

2 COMBINED AT 
+ WC4 220. 1.58 55. 55. 55. 

ROUTED TO 
+ RCHDl 219. 1.58 55. 55. 55. 

HYDROGRAPH AT 
+ SUBDl 41. 1.50 10. 10. 10. 

2 COMBINED AT 
+ SUC(D1 258. 1.58 65. 65. 65. 

ROUTED TO 
+ RCHDZ 255. ,1.58 65. 65. 65. 

HYDROGRAPH AT 
+ SUBD2 65. 1.58 17. 17. 17. 

2 COMBINED AT 
+ SUHD2 320. 1.58 82. 82. 82. 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 



RWTED TO 
+ RCHD3 317. 1.58 82. 82. 82. .27 

HYDROGRAPH AT 
+ SUBD3 93. 1.58 25. 25. 25. .08 

2 COMBINED AT 
t SUW3 409. 1.58 106. 106. 106. .35 

HYDROGRAPH AT 
+ SUED4 109. 1.58 28. 28. 28. .09 

RWTED TO 
+ RCHD4 108. 1.58 27. 27. 27. .09 

2 COMBINED AT 
+ SUWD4 517. 1.58 134. 134. 134. .44 
1 

SUMMARY OF KINEMATIC UAVE - HUSKINGUM-CUNGE RWTING 
(FLOU IS DIRECT RUNOFF UITHWT BASE FLW) 

INTERPOLATED TO 
COMPUTATION INTERVAL 

I STAQ ELEMENT DT PEAK TIME TO VOLUME DT PEAK TIME TO VOLUME 
PEAK PEAK 

(WIN) (CFS) (WIN) ( I N )  (MIN) (CFS) ( M I N I  ( I N )  

RCHC2 MANE 1.15 35.78 92.76 1.41 5.00 35.77 95.00 1.40 

CONTINUITY SUMMARY (AC-FT) - INFLOW .2117E+01 EXCESS= .0000E+00 WTFLW= .2099E+01 BASIN STORAGE= .2070E-01 PERCENT ERROR= 

RCHC3 MANE 1.13 65.71 97.29 1.37 5.00 64.04 95.00 1.37 

CONTINUITY SUMMARY (AC-FT) - INFLOU= .4064E+01 EXCESS= .0000E+00 OUTFLOW= .4029E+01 BASIN STORAGE= .4724E-01 PERCENT ERROR= 

RCHC4 MANE -79 150.17 96.55 1.39 5.00 148.12 95.00 1.39 

CONTINUITY SUMMARY (AC-FT) - INFLW= .8889E+01 EXCESS= .0000E+00 WTFLOU= .8838E+01 BASIN STORAGE= .6064E-01 PERCENT ERROR= 

RCHDl MANE .30 220.05 95.51 1.39 5.00 218.66 95.00 1.40 

CONTINUITY SUMMARY (AC-FT) - INFLWz .1319E+02 EXCESS= .0000E+00 OUTFLOW .1316E+02 BASIN STORAGE= .3453E-01 PERCENT ERROR= 

RCHDZ MANE .49 256.63 95.76 1.39 5.00 254.78 95.00 1.39 
'O I 

CONTINUITY SUMMARY (AC-FT) - IUFLWz .1565E+02 EXCESS= .0000E+W WTFLOUI .1559E+02 BASIN STORAGE= .5920E-01 PERCENT ERROR- .O I 
RCHD3 MANE .35 319.62 95.67 1.39 5.00 316.63 95.00 1.39 

CONTINUITY SUMMARY (AC-FT) - INFLOUI .1969E+02 EXCESS= .0000E+W WTFLW .1964E+02 BASIN STORAGE= .6719E-01 PERCENT ERROR= -.1 
I 

RCHD4 MANE .56 108.66 96.17 1.39 5.00 108.08 95.00 1.39 I 
CONTINUITY SUMMARY (AC-FT) - lNFLW- .6634E+01 EXCESS= .0000E+00 OUTFLOW= .6607E+01 BASIN STORAGES .3084E-01 PERCENT ERROR= 

'O I 
*** NORMAL END OF HEC-1 *** 



APPENDIX B 
HYDRAULICS 
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Gunite Channel Earth Channel 
Bottom TOP Avg. ' Froude # 

Depth &2 Flow Avg. Flow Width Width Vel. 
Reach Length Slope D &loo Depth Vel. Froude # Depth b TW 

RCH C2 1430Ft. 0.30% 3.0-5.0 Ft. 13 CFS 0.5 Ft. 3.1 FtJSec. 0.76 0.8 5 Ft. 23-35 Ft. 2.3 Ft.Sec. 0.52 

36 CFS 1.0 Ft. 4.4 FtJSec. 0.81 1.3 5 Ft. 23-35 Ft. 3.0 Ft./Sec. 0.55 

RCH C3 1570 Ft. 0.30% 5.0 Ft. 24 CFS 0.7 Ft. 3.6 FtJSec 0.79 1.1 5 Ft. 35 Ft. 2.7 Ft./Sec 0.54 

66 CFS 1.2 Ft. 5.1 F t J k  0.84 1.8 5 Ft. 35 Ft. 3.6 FtJSec, 0.58 

RCH C4 1380 Ft. 0.30% 4.0-9.0 Ft. 54 CFS 1.1 Ft. 4.8 FtJSec. 0.83 1.6 5 Ft. 29-59 Ft. 3.4 Ft./Sec. 0.57 

151 CFS 2.0 Ft. 6.8 FtJSec 0.88 2.7 5 Ft. 29-59 Ft. 4.4 Ft. 0.61 

RCH Dl 620 Ft. 0.40% 4.0-5.0 Ft. 79 CFS 1.2 Ft. 6.0 FtJSec. 0.98 1.8 5 Ft. 29-35 Ft. 4.1 Ft. 0.67 

220 CFS 2.3 ~ t .  8.4 ~ t ~ ~ e c  1.02 2.9 5 ~ t .  29-35 ~ t .  5.4 ~ t .  o.n 

RCHD2 930Ft. 0.4W 5.5 Ft. 93 CFS 1.4 Ft. 6.3 FtlSec 0.98 1.6 10 Ft. 43 Ft. 4.1 Ft. 0.67 

258 CFS 2.6 Ft. 8.9 FtJSec. 1.02 2.6 10Ft. 43Ft. 5.5 Ft. 0.72 

RCHD3 850Ft. 0.45% 5.5-6.0 Ft. 115 CFS 1.5 Ft. 7.1 Ft./Sec 1.05 1.7 1 O F t .  43-46Ft. 4.6 Ft. 0.72 

320 CFS 2.9 Ft. 9.9 FtJSec. 1.09 2.8 10 Ft. 43-46Ft. 6.1 Ft. 0.77 
/ 

RCHD4 850Ft. 0.30% 4.0-5.0 Ft. 39 CFS 0.9 Ft. 4.3 FtJSec. 0.82 1.4 5 Ft. 29-35 Ft. 3.1 Ft. 0.56 

109 CFS 1.7 Ft. 6.1 FtJSec. 0.86 2.3 5 Ft. 29-35 Ft. 4.1 Ft. 0.59 

Notes: All hydraulic data based on Manning normal depth. 
Q, is estimated based on P2/Plo0 xQlO0. 





CROSS CULVERTS FOR REVISED ESTRELLA FREEWAY ALIGNMENT 

Exist. Flow 
Line at CFS** 

Drainage Freeway Per Head @ 
Area Station Area *Q50 Centerline Culvert Barrel Culv. Inlet 

1144+00 53 AC 235 CFS 

1158+60 54 240 

1169+80 31 120 

1179+50 11 28 

1187+70 11 28 

1201+50 9 25 

1214+80 17 54 

1226+50 11 28 

C1 1235+50 17 54 

C2 1249+80 16 48 

C3 1265+50 38 160 

C4 1279+30 34 140 

Dl 1285+25 20 71 

D2 1294+55 34 140 

Sta 1301+07.57 BK = Sta 1292 + 84.34 AHD 

D3 1294+75 51 225 

D4 1303+90 56 AC 250 CFS 

2-6'~6' CBC 

24x6' CBC 
4-36 RCP 
1-36 RCP 

1-36" RCP 

1-36" RCP 

2-36" RCP 

1-36" RCP 

2-36" RCP 

2-36" RCP 

6-36" RCP 

5-36 RCP 

3-36" RCP 

5-36" RCP 

8-36" RCP 

9-36" RCP 

118 CFS 

120 

30 

28 

28 

25 

27 - 
28 

27 

24 

27 

28 

24 

28 

28 

28 CFS 

* Q50 based on area discharge curve from Cella Barr Hydrologic Investigation Report dated 7/24/87. 

** Head at culvert inlet based on HECd Charts 1 and 2 assuming inlet control and entrance type (2). 



P R O J E C T  : w p G ~ ~ k \  Gk!-E&-.Jri.;/ S T A T I O N :  I 7 . 7 q - t 3 ~  CULVERT DESIGN FORM 
D E S I G N E R  /DATE: A . - a  / q- / 

~ Y - D J E L - T  E R N  - boo - D - 70 ) S H E E T O F  
R E V I E W E R  / DATE : */q-'5q2 

II 

HYDROLOGICAL D A T A  ROADWAY ELEVATION : 

Y; + METHOo.&UA FgARL A&A-Q~%/?/ikL-9c': 
2 DRAINAGE AREA:= 0 STREAM SUX. 
.-I 
0 
2 CHANNEL SHAPE: 

ROUTING'  OTHER. 

D E S I G N  FLOWS/TAILWATER 
R I. I Y E A R S )  F L O W ( C ~ S )  - T W  (111 

-50 r'P I 4-3 \ 5 '  

TECHNICAL FOOTNOTES : 
. 

(1) USE O/NB FOR BOX CULVERTS 

(4) ELb.  H W i t  ELi l lNVERT OF 161 he * W w Id,+ 0 / 2 ) 1  WHICHEVER S CREIER) 
I N L E T  CONTROL SECTION) RI H = k +  La+ LI / n ~ 3 3 ] ~ * / 2 r  

(2)  HW,  I D -  HW ID OR HW,/O FROM D E S I G N  CHARTS (51 TW BASED ON W W N  STREAM (8) ELh- ELo  r H r ho 
CONTROL OR FLOW DEPTH IN 

(31 F A L L s  H W l -  (ELhd-  EL,fl i FALL IS ZERO CHANNEL. 

FOR &VERT'~CN GAOE 
SUBSCRIPT DEFINIT IONS : COMMENTS / DISCUSSION : CULVERT BARREL SELECT ED : 
a.  APPROXIMATE 
f CULVERT FACE 4 I S~rJLifi-'E&dl- b s C r ' 7  ti I -  3 FT S I Z E :  

t14. DESION HEADWATLII ~ h )  eocc? / ! A J ~ ~  ,: II/\/ \JAJI---C - 
h ~ .  HEADWATER IN INLLT CONTROL ---+?>3uT~ E T  V -  ' 1  I t d ~ ~ L . j ? ? / \ ~  \L,czfJ, , , S H A P E :  
he HEADWATER IN OUTLET CONTROL ., 
I. INLET cmna SECTION 
0. OUTLET 4 5  YOILI \  1 4  - 1 .  . /4, J/ \LY: I< /\LLLI,, 3 3  " I-\I~\/'JI MAT ERIAL: r) 
11. ITREAMBE0 AT CULVERT FACE I / I  > i t  , z G  -5 & ' I  I /I5 t' E N T R A N C E :  I w .  TAILWATER 

A F t \ L 7 7 3 ( 2 -  Tt> A-DuAJT bx c>r -  

~ = ' Z S I F ~  > k 5 i 3 1 / ) 1 ~ , d ~  0 ~ ~ ~ 2 1  . 
-ns~13~tfL ' ' 1  I .  7 .  ! ( T L , > r  



- 

P R O J E C T :  G L ~ ~ ] L ~ I ~  FQ-Cts- ! A J / ~ . \ *  STATION : 1: d e - t  7 5  CULVERT DESIGN FOt?M 

f ' @ p ~ e ~ ~  C A , P I - L ~ L > D - - / , > - ~ D I  DESIGNER /DATE: 
G:p / '7-7,- 72 

S H E E T O F  
REVIEWER /DATE : / 

I TECHNICAL FOOTNOTES : ' 

( I )  USE O lNB  FOR BOX CULVERTS 

HYDROLOGICAL DATA 

,,, 0 M L E L M  PA&? A V A  r ) l y - l  bif."tt- 
b- I 

ORAINAGE AREA:=o STREAM SLOPE 
b 
2 0 CHANNELSHAPE: 
Y 

% 0 ROUTING C] OTHER 

DESIGN FLOWS/TAILWATER 
R I (YEARS) FLOW (cfr) TW (11) - 
--re z z s  1.5 

(4) E L y =  HWj* ELi(INVERT OF (6) h , - lW w (dC*D/21(WHICHEVER IS GREATER) 
I N L E T  CONTROL SECTION) R ) H = ~ + ~ ~ ~ ( ~ ~ ~ L I I R ~ ~ ~ ] V * ~ ~ ~  \]r($/\.= 2'$534= +,-) I 

ROADWAY ELEVATION : 

S m  So- F A L L /  La  

s. 7. T14-7, 

I 12) HWi I D  HW /D OR HW1/D FROM DESIGN CHARTS (5) TW BASE0 ON WWN STREAM [I) EL,,,,. EL, t H h, 
CONTROL OR n o w  OEPTHIN 

(3) FALLa HWI - I ELhd- EL,') i FALL IS ZERO CHANNEL. 

CULVERT DESCRIPTION : 
MATERIAL - SHAPE -SIZE - ENTRANCE 

2% - 36" 

SUBSCRIPT DEFINITIONS : 
a.  APPROXIMATE -- 
f CULVERT FACE 
L(. DESION HEADWATER 
hl .  HEADWATER IN INLIT CONTROL - 
he HEAOWATER IN o u n n  c o ~ m a  
I. INLET caSTRa sLcnoN 
0. OUTLET 
sf. STREAMBED AT CULVERT FACE 
tw. TAIL WATER 

TOT& 
FLOW 

0 
( ~ f  1) 

HEADWATER CALCUATKINS 

I .  I ' A r C-3r.7 r~2 -  , L ~ -  

COMMENTS / DISCUSSION : 
Z P T ~  / - \ . 5 ~ t , ~ , v ~ ~ 7 ' ,  ' n p I L . t ~ r . L ' - d l f h ) r  L,t>6'kl, .T( - 

FT /AJ b-1-r. IU,AJ& L I  ~ I - ~ J A J G  L 
1'2 ~ ~ U T L E  r \JCL- fi. .>-,(J,~?GL A)-3' , j T f ! !  -- 1 / , . _ . e l  { J I \ I  p I ,  I - , I , ;  

? - L , >  I I  I . . I ,- 

FLOW 
PER 

B A R m  
Q I N  

(1) 

a t  
A V ~  o * *  

g ! i  
$2:  

CULVERT BARREL SELECTED : 
S I Z E :  

SHAPE:  , 
r) MATERIAL :  

ENTRANCE:  

INLET CONTROL $5 
$ 3  
z g  

10.5 

HWilD 
(2) 

Z Z 5 L ~ 0 q 5 Z . q  

OUT L E T  CONTROL COMMENTS 

-- 

T W  
(5) 

1.5 

HW, FALL 
3 

1.7 

dc 

1.5 

E L h i  
4 

95.\ 

2 
h~ 
(6) 

21-'2e9.5 1.5 

ELho 
(0) 

~ Z , + q 9 5 . \  





CHART I 

E X A M P L E  
5'x 2 '  Box 0 = 7 5  c f r  

0 / E  = I B c f r / t t .  

I n l e t  = HW 
D f r e t  

( I )  1.75 3 . 5  

( 2 )  I .90 3.8 

(3) 2 0 5  4. I 

- - 
m 

,'w I Angle of 
w - wlngwoll 
a - 10 Flare 
a - 
x 
0 - 8  
z - 
0 

L T 6  
WINGWALL 

a 
- SCALE F L A R E  I- - 4  D .  

K - 
I l l  30. to 75. 

(2) 9O0and IS* 

To use scala ( 2 )  or (3)  project 
horirontoMy to scale ( I ) ,  then 
use straight inclined line through 
0 and 0 reoleo, or reveree as 
illustrotad. 

HEADWATER DEPTH 
FOR BOX CULVERTS 

WITH INLET CONTROL 
BUREAU OF PUBLIC ROADS JAN. 1963 



CHART 2 
EXAMPLE 

0.42 inches (3.5 feet) 
a.120 cfs 

*D  in feet 

L 1 2  HEADWATER DEPTH FOR 

HEADWATER SCALES 2 8 3  
CONCRETE PIPE CULVERTS 

REVISED MAY 1964 
BUREAU OF PUBLIC ROADS JAN. 1963 

WITH INLET CONTROL 



CHART 3 

BUREAU OF PUBLIC ROADS JAN. 1963 

EXAMPLE 
Size: 76'1 48' 
0.300 cfr  

To u r r  icolr  (2) or (3)  
dror o rtroight linr 
through known volurr 
of r ~ z r  and dirchorgr 
to intrrrrct seolr ( I ) .  
From point on rcolr ( I ]  
project hor~zontolly to 
solution on r~ ther  scalr 

(21 M (3). 

HW/D ENTRANCE ' 
SCALE TYPE 

(1) Squorr rdgr w~th  
hrodwall 

(2) Groove end wllh 

(3) Z projrcting i.5E .4 

HEADWATER DEPTH FOR 
OVAL CONCRETE PIPE CULVERTS 

LONG AXIS HORIZONTAL 
WITH INLET CONTROL ! 



CHART 16 

BUREAU OF PUBLIC ROADS 

JAN. 1964 CRITICAL DE PTH 
CIRCULAR PIPE 
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APPENDIX C 
ESTRELLA FREEWAY PLAN AND PROFILE 

SUN CITY WEST EXPANSION NORTH CHANNEL 





ESTRELLA FREEWAY 
TYPICAL SECTION AND DESIGN CRITERIA 

J 
Estrella Freeway 

Control 
. Varies n 

I 
59' Typical Roadway Section 

4:l Des Mox 

Varies 

59' 

TYPICAL SECTION 
FlL L HEIGHT = 8' 

3 
\ 
IT 

Varies 
b Q 

t& Estrella Freeway 
80.5 ,. - I  . - . 1 

27' 8' , 2-12' 

40' Exit. Ramp 
28' Entrance Romp 

Curb 8 Gutter 
Type C, C- I  
S t d  C-05.D I 

-- 

I 

PGL 8 Axis 

- 15' Varies - Lbies . D* 2 - 12' , 8' . 27' 

3 
-\- 

I 4 - I  - FILL HEIGHT [I 

s' TO 24' lo: l 
WITH RAMPS 

Estrella Freewoy 

Of Rotation - 
0 0 2 ' / '  - 

Shldr Shldr 

Curb 8 Gutter 
Type C, C-I 
Std. C-05.10 

FILL. HEIGHT 
8' TO 2 4 '  

T r a f f ~ c  Lanes 

3 
\ 
a 

00$/ 11 - 

Traffic Lanes 20' Min 

I D E W  YEAR' 2015 NUMeER OF LANES: 4 1. ALL COORDINATES SHOWN ARE MODIFIED GRID. 

Shldr 

DE!XN SPEED: 65 W - M A W  
50 W-RLLMPS 

CROSSRCUDS 

LANE WNJW 12 FEET 

SHOWER WDlH: EMAN- 8 FEET 
CUTSIDE - K) FEET 

70 FEET (NCLUDW; 
MEDIAN SHOLDER) 

I MAXIMLM GRADIENT: 3% MANLINE 
4% mssmms 
5% RAMPS 

HOWfONTAL CURVATURE: 3.30' MAINLANE (MAX.) 
8' RAMPS (MAX.) 
CROSSROADS 

RIGHT OF WAY WDTH: S00 FEET (MIN.) 

ACCESS CONTROL: FULL 
VERTtCAL CLEARANCES : 6'- 6" STANDARD 

DRAINAGE1 PAVEMENT1 10 YEAR 
DEPRESSED AREA1 5 0  YEAR 
CROSS- DRAINAGE: 50 YEAR 

2. THE DRAINAGE DESIGN FOR THIS PROJECT PROVIDES 
FOR A BOX CULVERT MINIMUM HEIGHT OF 6'-Om. 
THIS MINIMUM HEIGHT SHOULD BE EVALUATED DURING 
FINAL DESIGN TO ACCOMODATE CURRENT MAINTENANCE 
AND OTHER REQUIREMENTS. 

23'-0" OVER A.T. 8 S.E RR. 

FIGURE 2 
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ESTRELLA FREEWAY 

HYDROLOGIC INVESTIGATION REPORT 

INTRODUCTION 

This is a hydrologic investigation for the Estrella Freeway Route Location 
study, and has been prepared to establ ish peak discharge values that will 
be used as a basis for preliminary design assessments. The Estrella 
Freeway, formerly the Cotton Lane/Northwest Loop Freeway, wi 11 proceed 
north along (or parallel to) Cotton Lane from State Route 85 to Grand 
Avenue and then bend northeasterly extending through mountain and foothi 11  
slopes to eventually intersect with 1-17 near the Central Arizona Project 
Canal. In the construction schedule of a11 the valley freeways, the 
Estrella Freeway has the lowest priority and is not projected to be 
completed until the year 2005. 

In October 1986, the Arizona Department of Transportation contracted with 
Cell a Barr Associates, in association with Kim1 ey-Horn and Associates, 
Inc., to complete the route location study and preliminary design for the 
Estrella Freeway. The purpose of the route location study is to be 
establ i shed and preserve the right-of-way required for future freeway 
construction. The right-of-way requirements will be based, in part, on 
the location and preliminary sizing of drainage channels, detention/ 
retention basins, flood control structures, and additional areas needed 
for backwater pondi ng behind culvert and bridge crossings. Drainage costs 
will be assessed for channels, culverts, bridges, detention/ retention 
facilities and other drainage control structures to aid in the selection 
process for a preferred alignment. 

The level of detail providing the basis for this hydrologic report is not 
overly intensive in consideration of the fact that present hydrologic 
conditions and accepted methodologies will change prior to imp1 ementation 
of final design in the future. This hydrologic investigation has utilized 
reasonable assumptions and levels of conservatism in the establ ishment of 
watershed boundaries and discharges to provide projections for 
right-of-way needs that have a strong likelihood of being adequate for 
future freeway construction. 
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PROCEDURES 

Hydrologic Setting: 

The Estrella Freeway Corridor traverses through roughly 39 miles of arid 
desert and agricultural land to the west and north of Phoenix. The 
climate is temperate with summer highs reaching as much as 120 degrees and 
winter lows dipping below freezing. Rainfall in the area averages 7.11 

inches per year (verbal reference, National Weather Service). 

The Corridor is impacted by a wide variety of drainage features, ranging 
from small local watersheds to large regional watersheds, such as the Agua 
Fria River (Figure 1). Drainage conditions for the Cotton Lane section 
also differ dramatically from those conditions present in the Agua Fria 
and Northwest Loop area, which extends between Grand Avenue and 1-17. 

The Cotton Lane section is comprised mainly of agricultural land and small 
farmsteads. The slope of the land is relatively flat which produces lower 
peak discharges and longer times of concentration. The Agua Fria and 
Northwest Loop area consists of natural desert and mountainous areas with 
few scattered areas of development. Characteristically, steeper slopes 
create higher peak discharges and shorter times of concentration than 
those of the flatter Cotton Lane section. 

Watersheds: 

Watershed conditions differ appreciably between the Cotton Lane section of 
the corridor, and the Agua Fria and Northwest Loop area. The Cotton Lane 
section is characterized by watersheds extending upstream to the west 
consisting of natural alluvial fan areas and graded farm fields on the 
east face of the White Tank Mountains (Figure 2.). Due to the complexity 
of drainage across agricultural lands, watershed boundaries were 
determined by detailed field inspection of the area. Arterial roadways 
form the most common east-west watershed boundaries with Cotton Lane and 



various parallel roadways forming some north-south boundaries. The 
Beardsley Canal is significantly elevated throughout the study area and 
serves as a boundary until it's height decreases in the southernmost 
portion near 1-10 and allows flow to cross it. The Tril by Wash and SCS 
White Tanks detention basins are assumed to be effective flood control 
structures which define limitations on upstream watershed boundaries. 
Internal watershed boundaries are valid for low flow, however, there is a 
strong possibility that during extreme storm events, spillover from one 
watershed to another may occur. The low flow, internal boundaries were 
util ized as a reasonable assumption with respect to anticipated future 
conditions. 

The watersheds in the Agua Fria and Northwest Loop area are less complex 
and are generally comprised of more defined, naturally-shaped basins 
extending upstream to the north (Figure 3 and 3 A ) .  These boundaries were 
determined from recent aeri a1 photographs taken of the region, U.S.G.S. 
quad sheets and liriited field investigation, as appropriate. 

Concentration points are located along each of the proposed alignments 
extending throughout the entire corridor based on the watershed boundary 
information as shown on Figures 4 & 5. In the Cotton Lane area, these 
concentration points typically fall in the southeastern corner of each 
watershed, where the majority of the flow is believed to concentrate 
before spilling over into adjoining watersheds. In the Agua Fria and 
Northwest Loop area, concentration points are located in topographical low 
spots of each basin. 

Known Discharges: 

There are four significant points of concentration where discharges are 
known (or previously establ ished) within the Corridor, all of which are in 
the Agua Fria and Northwest Loop area. 

1. The Agua Fria River has an establ ished 100-year discharge of 
about 121,000 c f s  based upon information obtained from the Flood 
Control District of Maricopa County (Concentration Point 183). 

3 



2. Construction of the New River Dam by the U.S. Army Corps of 

Engineers has reduced the 100-year flow for New River to 2,350 

cfs immediately downstream of the dam (Concentration Point 221), 

(Reference 5). 

3. A flood control channel was built by the U.S. Army Corps of 

Engineers on Skunk Creek at 1-17 with the capacity to contain in 

excess of the 100-year discharge (Concentration Point 280), 

(Reference 5). Two overchutes on the Central A'rizona Project 

Canal have a combined capacity of 16,600 cfs (Reference 5). The 

adopted 100-year discharge is 39,000 cfs along Skunk Creek above 

Adobe Dam, according to the Flood Control District of Maricopa 

County. 

4 .  The outlet structure of the McMicken Dam has a capacity of 4,400 

cfs (Concentration Point 284), (Reference 3 and 5). 

5. The 100-year discharge collected along the McMicken Dam Outlet 

Channel has been estimated to be approximately 16,300 cfs at it's 

point of release into a natural channel (Concentration Point 

151). This value represents the sum of the discharge from the 

dam and the flow entering the Outlet Channel via 3 overchutes 

along the Beardsley Canal to the north. Computations for the 3 

northern watersheds are shown in Appendix B. These watershed 

boundaries are shown on Figure 3A.  

The above 100-year discharges wi 1 1  be implemented in determining drainage 

structure sizes as appropriate along freeway alignment segments due to 

considerations of Federal regulations, interfacing of flood control 

improvements, damage potential and magnitude of discharge. A11 other 

drainage structures are proposed to be designed.on a 50-year storm event. 



Discharge Cornputat ions: 

The remainder o f  t he  co c e n t r a t i o n  p o i n t s  w i t h i n  t h e  Cor r i do r ,  f o r  which l o  
e s t a b l i s h e d  d ischarges .td n o t  e x i s t ,  were evaluated us ing  a general 

procedure discussed i n  a meeting w i t h  M r .  Ray Jordan and M r .  A r t  May from 

t h e  Ar izona Department o f  T ranspor ta t i on  (ADOT) h e l d  on May 28, 1987. The 

procedures o u t l i n e d  i n  t h e  U.S. Department o f  A g r i c u l t u r e ,  S o i l  

Conservat ion Serv ice Technical  Release No. 55, e n t i t l e d ,  Urban Hydrology 

f o r  Small Watersheds (TR-55) were implemented t o  determine the  50-year 

peak d ischarges f o r  a sample s e t  o f  watersheds (Reference 7) .  R a i n f a l l  

da ta  used i n  the  TR-55 computations were obta ined from t h e  Arizona Highway 

Department p u b l i c a t i o n  e n t i t l e d ,  Hydrologic  Design f o r  Hiqhway Drainage i n  

Arizona (Reference 1) .  E i g h t  sample watersheds were evaluated, f o u r  o f  

which were l oca ted  w i t h i n  t h e  Cot ton Lane area and f o u r  w i t h i n  the  Agua 

F r i a  and Northwest Loop area. 

I n  the Cot ton  Lane sec t ion ,  t h e  watersheds ranged i n  s i z e  from 320 acres 

t o  2,882 acres, and produced 50-year discharges rang ing  from 259 c f s  t o  

779 c f s .  I n  t he  Agua F r i a  and Northwest Loop area, t h e  watersheds ranged 

i n  s i ze  f rom 13 acres t o  2,099 acres, and produced 50-year discharges o f  

28 c f s  t o  2,461 c f s .  The Agua F r i a  and Northwest Loop area has a tendency 

t o  produce h igher  d ischarge r a t e s  per  acre than t h e  Cot ton Lane sec t ion .  

Representat ive TR-55 work sheets are  conta ined i n  Appendix A. 

The r e s u l t a n t  discharges de r i ved  from the  TR-55 computations were p l o t t e d  

on l o g - l o g  paper (2 x  2 cyc les  f o r  t he  Cotton Lane s e c t i o n  and 3 x  3 

cyc les f o r  t h e  Northwest Loop area),  and a curve o f  bes t  f i t  was drawn f o r  

each group of f o u r  values. A second curve was then drawn a t  20% above the 

actual  computed values t o  apply a reasonable f a c t o r  o f  s a f e t y  (F igure  6).  

The 20% conserva t ive  upper curve f o r  t he  2 c h a r a c t e r i s t i c  areas was then 

used t o  compute discharges a t  a11 o f  t h e  respec t i ve  concent ra t ion  p o i n t s  

(exc lud ing  those having adopted d ischarge values),  based on the area o f  

t h e i r  c o n t r i b u t i n g  watersheds (Appendix C) .  Th is  genera l i zed method o f  

ob ta in ing  discharges was deemed acceptable by ADOT based on the f a c t  t h a t  

present hydro1 ogi  c  cond i t i ons  and accepted method01 ogi  es w i  11 change p r i o r  

t o  the implementat ion o f  f i n a l  design i n  the  fu tu re .  
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A more detailed study will be conducted in the future during the final 
design phase of the Estrella Freeway. 

Drainage S t r u c t u r e s :  

Drainage structure sizes are not presented in this report and will be 
represented to the level of detail required in later versions of the 
Location Design Report for the Estrella Freeway. Drainage structures, 
such as channels, culverts, bridges and detention/retention facilities are 
to be sized to accommodate the discharges computed for each concentration 
point. Culverts will be sized using procedures outlined in the U . S .  

Department of Transportation, Hydraulic Charts for the Selection of 
Hiqhway Culverts (HEC-5) pub1 ication (Reference 8), and channels are to be 
sized using the Manning's Equation. Bridge lengths are to be calculated 
by means of the U.S. Army Corps of Engineers HEC-2 Water Surface Profiles 
generalized computer program. Most detention/retention facilities are to 
be sized according to methods outlined in the TR-55 manual (Reference 4). 
However, when the desired ratio of peak outflow to peak inflow is greater 
than 0.8, the method from the draft version of Pima County's Department of 
Transportation report entitled, Drainaqe and Channel Desiqn Standards for 
Local Drainaqe, Section VI will be used (Reference 2). The times to peak 
for this method will be obtained from Hydroloqic Desiqn for Hiqhway 
Drainaqe, (Reference 1). 



CONCLUSIONS 

1. This hydrologic investigation has been prepared to establish 

discharges to be incorporated into the concept and preliminary design 
of drainage improvements associated with the Estrella Freeway Route 
Location Study. 

2. Established discharges have been adopted for major washes and 
watercourses when avai 1 able, as appropriate. 

3. For watersheds where hydrologic information is presently unavailable, 
discharges have been computed based on the development of simplified 
drainage area/discharge curves as contained in this report. One curve 
(each) was developed for watersheds impacting the Cotton Lane section, 
and the Agua Fria and Northwest Loop area, based on a sample set of 
watershed computations using TR-55 methodologies. A 20% "safety 
factor" increase was applied to all discharges computed via this 
simp1 if ied procedure. 

4 .  The 50-year discharge will be used for the sizing of drainage 
structures, with the exception of the Agua Fria River, New River and 
the natural channel outletting the McMicken Dam Outlet Channel. In 
these instances, the 100-year discharge will be used, based on 
considerations of Federal regulations, interfacing of flood control 
improvements, damage potential and magnitude of discharge. 
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TO Tim Wilson. ADOT FROM 

SUBJECT 
Technical Memorandum - Estrella Freeway Drainage; Northwest Loop 

General 

The Northwest Loop section of the proposed Estrella Freeway extends from ~ r & d  
Avenue to Interstate 17 and is primarily impacted by moderately to well-defined 
watersheds extending upstream in a northerly direction The alignment is also impacted 
by major drainage features such as the McMicken Dam Outlet Channel, the Agua Fria 
River, the New River Dam Outlet Channel and the Central Arizona Project Canal 
(CAP). 

Watershed conditions in the Northwest Loop section consist of natural desert foothills, 
mountainous areas with steeper slopes and a few scattered areas of development. This 
type of terrain generally produces well-defined paths of low flow that intersect the 
proposed roadway. The locations of logical points of drainage conclusion are readily 
available throughout this area, and the proposed drainage design consists primarily of 
cross-drainage structures at existing points of drainage concentration. 

Drainage conditions in the Northwest Loop section of the Estrella Freeway differ 
dramatically from those conditions present in the Cotton Lane section. Watersheds in 
this section are more defined, and therefore, require a less complicated drainage design 
concept to effectively convey flows across the roadway. However, major bridge crossings 
are required at the outfall for the McMicken Dam Outlet Channel, the Agua Fria River, 
and the CAP Canal. Overall, the proposed drainage design includes utilization of 
reinforced concrete pipes (RCPs), concrete box culverts, the bridged crossings mentioned 
above, and attendant flow collection features. The proposed freeway alignment and 
major drainage features are shown on the attached exhibit. 

The drainage design concept for the Northwest Loop section generally consists of 
conveyance of flows beneath the proposed freeway for release on the downstream side 
into existing natural points of concentration Attenuation of flow is not considered to 
be an important factor in the system due to the fact that existing flows are collected and 
released into their natural flow paths at point locations and the freeway construction is 
not likely to significantly impact downstream discharges along this section. The latter is 
true since the installation of major collection and conveyance channels along this segment 
of the freeway is not proposed. 

Design discharges for the Northwest Loop section were derived from the Estrella 
Freeway, Northwest Loop Area, 50-year AreaIDischarge curves contained in the report 
entitled ''Estrella Freeway Hydrologic Investigation Report" prepared by CBA in July, 
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1987 and were used for the sizing of all drainage structures, with the exception of the 
natural channel outfall for the McMicken Dam Outlet Channel, the Agua Fria River and 
New River. In these excepted instances, the 100-year discharge was established by other 
means as described in subsequent paragraphs, and was used, based on considerations of 
federal regulations, interfacing of flood control improvements, damage potential and 
magnitudes of discharge. 

As stated previously, the major drainage features that are encountered by the alignment 
at various locations are: 

- McMicken Dam Outlet Channel 
- Agua Fria River - New River Dam Outlet Channel 
- Central Arizona Project Canal (CAP) 

The proposed freeway drainage design at each of these major drainage features is 
discussed in the following paragraphs. 

Drainage behind McMicken Dam is diverted easterly along the McMicken Dam Outlet 
Channel located north of the proposed freeway alignment. The 100-year discharge 
collected along the McMicken Dam Outlet Channel has been estimated as descibed in 
the "Estrella Freeway Hydrologic Investigation Report" to be approximately 16,300 cfs at 
its point of release into a natural channel. This value represents the sum of the 
discharge from the dam, the flow entering the outlet channel via 3 overchutes along the 
Beardsley Canal to the north, and runoff generated within a local watershed area 
between the Beardsley Canal and the McMicken Dam Outlet Channel alignment. Runoff 
collected in the natural channel is conveyed south to cross the freeway alignment at 
roughly Station 1372+50. Local widening, narrowing, and stabilizing of the natural 
channel will be required to transition a 120 foot wide natural channel to a 200 foot long 
bridge crossing and then back to the natural channel downstream. Appropriate drainage 
right-of-way is also needed for these channel improvements and to cover backwater 
areas. 

The Aeua Fria River has an established 100-year discharge of 135,000 cfs as represented 
in the preliminary Flood Insurance Study for Maricopa County, Arizona and Incorporated 
Areas published by the Federal Emergency Management Agency in May, 1990. However, 
the bridge and attendant feature design requirements may be appreciably lessened upon 
the completion of New Waddell Dam at Lake Pleasant by the Bureau of Reclamation. 
Although there is no official value for the reduction in downstream flows that will result 
from the completion of New Waddell Dam, the Bureau of Reclamation has unofficially 
indicated that the new 100-year discharge immediately downstream of the dam will be 
26,000 cfs as described in the draft document entitled "Hydrology for Evaluation of Flood 
Reduction by New Waddell Dam, Agua Fria River below New Waddell Dam to the New 
River Coduence" prepared by the U.S. Army Corps of Engineers and furnished by 
ADOT. This would translate to a value of roughly 37,000 cfs at the freeway alignment 
due to the addition of runoff contributions from local watersheds between the dam and 
the freeway, including Morgan City Wash. No values are available at this time for the 
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New Waddell Dam spillway, however, unofficially spillway flows are not proposed to 
occur until a flood event well in excess of the 100-year event has been experienced. It 
is suggested that the Estrella Freeway crossing of the Agua Fria River be re-evaluated 
at the time of dam completion, in roughly two to three years, when the dam's operating 
manual is published. However, for the purpose of this Technical Memorandum, ADOT 
has instructed that the bridge design concept be based upon the unofficial information 
currently available. Consequently, this crossing is proposed to be spanned by a bridge 
of roughly 800 feet in length between stations 1493 +40 and 1501 +40 to convey roughly 
37,000 cfs. The 800 foot length was established by allowing a maximum backwater of 
1.0 feet to occur upstream of the bridge, based on HEC-2 evaluations performed by CBA 
for this reach of the Agua Fria River, during the passage of a 37,000 cfs flow, and in 
consideration of existing low flow channel locations and geometries. Appropriate 
drainage easements will be required to accommodate proposed spur dike construction and 
to accommodate backwater areas. 

Construction of the New River Dam across New River just north of the proposed 
freeway alignment has reduced the 100-year flow for New River to 2,350 cfs collected in 
the New River Dam Outlet Chamel immediately downstream of the dam according to 
the U.S. Army Corps of Engineers' Design Memorandum No. 3, "New River Dam, 
Including New River to Skunk Creek," November, 1982. According to this memoran- 
dum, there will not be any flow over the emergency spillway during the 100-year flood 
or the Standard Project Flood. However, during the Probable Maximum Flood (PMF), 
the emergency spillway would pass a peak flow of 29,850 cfs, resulting in the washout of 
this segment of freeway in its downstream path. However, this is not considered to be 
of any practical significance to consider in the freeway drainage design due to the 
extremeness and low probability of occurrence of the PMF event that is disproportionate 
to typical freeway design. The 100-year discharge of 2,350 ds at the New River Dam 
Outlet Channel crossing at Station 2147+70 will be conveyed underneath the freeway by 
a 4 cell 10' x 7' concrete box culvert. The outlet channel will be extended downstream 
to a point just past the roadway to provide uniform flow with no flow breakouts that 
could potentially damage the roadway during a 100-year event. 

The CAP Canal will be spanned at Station 2262+53 by a proposed bridge of sufficient 
size to clear the physical features of the aqueduct and accompanying maintenance roads, 
as well as to provide for drainage interflow between both sides of the freeway within an 
area upstream of the canal prone to ponding. 

These major drainage crossings account for a significant amount of the drainage costs in 
the Northwest Loop section, but are still relatively minor in comparison with the drainage 

- costs encountered along the Cotton Lane portion of the Estrella Freeway. The 
remainder of the drainage structures required along the Northwest Loop section consist 
of reinforced concrete pipe culverts (RCP) of various diameters ranging from 24" to 42" 
and concrete box culverts ranging in size from 2 cell 6' x 4' structures to a 6 cell 10' x 
6' structure. Small earthen channels will need to be constructed parallel to the upstream 
side of the freeway and inside the right-of-way at some locations to guide local flow 
into nearby culverts. This is to minimize the possibility of ponding occurring on the 
upstream side of the roadway. In the event that ponding is identified as o c d g  
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behind some of the box culverts that convey the larger flows, additional right-of-way has 
been set aside to account for backwater and preclude damage to adjacent properties. 

Estimated Costs 

Following are estimated costs for construction of the drainage facilities for the Northwest 
Loop section: 

McMicken Dam Outlet Channel 
Agua Fria River 
New River Dam Outlet Channel 
CAP Canal 
All other crossings 

TOTAL 

A detailed breakdown of all drainage improvement costs and a typical assumed roadway 
section are provided as attachments to this technical memorandum. 

This technical memorandum has been prepared to describe and discuss the preliminary 
design and costs associated with the Northwest Loop section of the proposed Estrella 
Freeway. The freeway alignment and major drainage features are represented in plan 
view on the attached exhibit. A detailed cost estimate breakdown for drainage 
improvements is also provided as attached. 

cc: All task leaders 
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Maricopa County 

2801 West Durango Street Phoenix, Arizona 85009 
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BOARD OF DIRECTORS 
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Carole Carpenter 
Tom Freestone 

D. E. Sa ramoso, P.E., Chief Engineer and General Manager ARC 2 8 1992 

MEMO TO: Dennis Zwagerman, Planning and Development D i rec to r  

ATTN : Debra W. S ta rk ,  Planner  I11 

FROM : Edward A .  Raleigh, Chief ,  Engineering Div is ion  

SUBJECT: 2 92-36 (Sun Ci ty  Vest Expansion Phase I -TAG)  

The sub jec t  property i s  no t  w i th in  a de l inea t ed  100-year f loodpla in .  The 
proposed use would not  be i n  c o n f l i c t  with any e x i s t i n g  o r  proposed Flood 
Cont ro l  D i s t r i c t  p ro j ec t s .  We have no ob jec t ions  t o  t h e  change of zoning. 

P r i o r  t o  Preliminary P l a t  approval ,  a drainage r epor t  must be submitted f o r  
review and approval.  This r e p o r t  must address  the  o f f s i t e  hydrology, o n s i t e  
hydrology and manner i n  which t h e  proposed subdiv is ion  w i l l  maintain the  
c o n t i n u i t y  of l o c a l  drainage. 

Drainage improvements a r e  considered t o  be a p a r t  of t h e  requi red  
i n f r a s t r u c t u r e  f o r  t h i s  development. These f e a t u r e s  must be f u l l y  ope ra t iona l  
p r i o r  t o  the  issuance of a drainage c learance  f o r  i nd iv idua l  l o t s  and issuance 
of t he  f i n a l  drainage c learance  

I f  you have any quest ions,  p l ease  con tac t  F e l i c i a  Terry a t  506-1501. 

Edward A .  Raleigh, P.E. 

Steven L. Tuc e r ,  P.E. 
Stormwater Drainage Branch Manager 

, 
EAR/SLT/FT/lab 

Copy to :  Gerald Toscano, MCDOT 
T i m  Goodrich, Del Webb Home Construct ion,  Inc.  

A t a n l e y  Consul tants ,  Inc .  
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APR 0 9 1991 

MEMO TO: Dennis Zwagerman, planning and Development Director 

ATTN : Jill Herberg-Kusy, Principal planner 

FROM : Edward A. ~aleigh, chief, Engineering Division 

Subject: MP 92-1 (Sun city West Master Plan Amendment) 

The subject property is not within a delineated 100-year floodplain. The 
proposed use would not be in conflict with any existing or proposed Flood 
Control District projects. We have no objections to the Master Plan 
Amendment. 

Drainage improvements are considered to be a part of the required 
infrastructure for this development. These drainage features must be fully 
operational prior to the construction of any units or subdivisions. A 
detailed hydraulic analysis addressing drainage and roadway infrastructure of 
the Master Planned Development will need to be submitted and approved prior to 
approval of any individual subdivisions. 

If you have any questions, please contact Felicia Terry at 262-1501. 

Edward A. Raleigh, P.E. 

Stormwater s rain age Branch Manager 

Copy to: County Highway Department 
Del Webb Home Construction, Inc. 

Atanley consultants, Inc. 
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HYDROLOGIC ASSUMErI'IONS AND METHODS 

The Corps of Engineers HEC-1 computer hydrograph program, version 4.0 dated September 

1990 was used in this report to generate and route synthetic hydrographs. This version 

contains Green-Ampt loss rate fundions, which, along with the Clark Unitgraph option are 

required by the Flood Control District's Hydrologic Design Manual for contributing areas 

greater than 160 acres. Clark Unitgraph hydrology will be used as the basis of design for storm 

water detention, offiite and major onsite drainage channels, golf course conveyance, storm 

drain trunklines and other major drainage features on an overall master plan basis. 

A version of the Rational Runoff Method is also presented in the Hydrology Manual. It will not 

be used for design in this report but may be used to estimate peak flows for drainage design 

of fiture individual parcels within the Expansion Master Plan. Generally, its use would be 

limited to those applications where only volume and peak flow estimates are needed and 

hydrograph routing is not involved. For example, it might be used as the basis for checking 

street flow capacity, design of minor drainage channels and swales, catch basin inlets and 

minor storm drain laterals. 

A similar combination of methods was used with the existing Sun City West development 

south of Deer Valley Drive. The SCS TR-20 method was used for hydrograph routing and 

design of major drainage features while the Rational Runoff Method is used for individual 

subdivisions. Certain adjustments have been made to Rational Method parameters in Sun 

City West so that flow rates are comparable to those h m  TR-20. 



Since there will be circumstances in the future where either the Clark Unitgraph or Rational 

Method are applicable, a brief evaluation of comparative results will be presented in this report 

for three selected onsite sub-basins. These comparative calculations will be made using the 

same basic area, length, slope, resistance coefficient and rainfall data. Calculations and results 

will be discussed in the conclusion section of this report. 

Rainfall data for this report is taken h m  the Hydrology Manual. The 100-year 2-hour rainfall 

amount for use with the Clark Unitgraph method is estimated at 2.77 inches. This storm total 

was used in conjunction with the 2-hour distribution fimm Table 2.2 of the Hydrology Manual. 

No aerial reduction was assumed for the HEC-1 model. Future Rational Method calculations 

will use the rainfall intensity-duration-hquency relation of Figure 3.2 of the Hydrology 

Manual. No location adjustment was made for rational rainfall intensity in the comparisons 

to the Clark Unitgraph contained in this report. 

Drainage sub-basins for the HEC-1 models are shown on Figures 3,6, and 7 in Appendices A 

and B. Their areas were estimated through the use of a digital planimeter. Right-of-way for 

the proposed Estrella Freeway was considered as offiite area, existing desert. Areas are 

estimated to the nearest 0.001 square mile. The HEC-1 program uses this level of accuracy in 

its computations but rounds off the output data to the nearest 0.01 square miles. Rational 

method will use area in acres. 

Times of concentration are estimated using essentially the same methodology for both the 

Clark Unitgraph and Rational Methods. Both methods use the same basic equation (equation 



3.215.5 of the Hydrology Manual) to estimate floodwave travel time as a function of watershed 

length, resistance, slope and rainfall intensity. This equation is; 

T~ = 11.4~ 0.5 ~b 0.52 s -0.31 i -0.38 

The only difference in application is that Clark Unitgraph uses the intensity of rainfall excess 

and the Rational Method uses direct rainfall intensity. Slopes and lengths have been 

estimated for the HEC-1 model based on preliminary street layout and mass grading plans. 

The watershed resistance coefficient, Kb, in the time of concentration equation is estimated 

using the following equation from the Hydrology Manual: 

Kb=mlogA+b 

where A is the contributing area in acres and m and b are equation parameters taken from 

Table 3.115.1 of the Hydrology Manual. For contributing areas with more than one land use, 

m and b parameters are area-weighted. Table 1 summarizes the basic parameters used in the 

HEC-1 model. In relative terms, residential and commercial land use has the least resistance, 

golf course and open space has the greatest resistance and existing desert falls mid-range 

between the two. 

1 RESISTANCE COEFFICIENT PARAMETERS 

19 B 
Residential, Commercial, Rec. Center -0.00625 0.04 
Existing Desert -0.016 0.1 0 
Golf Courselopen Space -0.025 0.1 5 



Watershed storage coefficient, R, is a hc t ion  of time of concentration, area and length based 

on equation 5.6 of the Hydrology Manual. This equation is: 

R = 0.37 Tc 1.11 A -0.57 L 0.80 

Test runs indicate that Tc and R are particularly sensitive to selection of m and b parameters 

used in estimating Kb. Tc and R for Clark Unitgraph are calculated using the MCUHPl 

program dated revised December 16,1991. MCUHm is used in conjunction with a Lotus 123 

spreadsheet developed by Stanley Consultants which processes raw data, assembles the results 

and redirects them as a batch me through MCUHPl. Rational Method Tc is calculated by 

hand. 

The time-area relationship for urban watersheds fhm Table 5.2 of the Hydrology Manual was 

used for all onsite developed sub-basins. All offiite sub-basins and the existing condition onsite 

area use the natural watershed time-area relationship fhm Table 5.2. The HEC-1 

computation time interval was chosen at 5 minutes. 

Green Ampt rainfall loss rates for all offiite sub-basins and the onsite existing condition sub- 

basin are area-weighted values based on soil texture classifications and the parameters in 

Table 4.2 of the Hydrology Manual. All soils found in the study area are classifiedin hydrologic 

soil group B. DTHETA is based on the dry value and XKSAT is adjusted assuming a 

vegetation cover of 25%. Initial surface retention loss, IA, for existing conditions was assumed 

to be 0.35 inches and impervious area was assumed to be 1 percent. The existing surface cover 

of gravel which occurs in parts of the study area was assumed to not affect rainfall losses. 



Procedures for estimating Green and Ampt loss rates and percent impervious for urbanized 

areas are not directly presented in the Hydrology Manual so a number of interpretations and 

assumptions have been made. Contributing area is assumed to consist of either impervious or 

pervious land use. The impervious land use is further broken into connected and non- 

connected area 

Connected impervious is considered separately in HEC-1. It consists of such things as roofs, 

driveways, sidewalks, streets and parking lots which are directly connected to a means of 

runoff conveyance such as a street or drainage channel. Estimates of connected impervious are 

entered in HEC-1 as percent of total area This area produces 100 percent runoff. Estimates 

range from 1 percent for golf course and existing desert to 25 percent for residential to 80 

percent for commercial and recreation center land use. 

A non-connected impervious area is not directly connected to a means of runoff conveyance. 

Its runoff must flow over adjacent landscaped or other pervious surfaces where infiltration may 

occur. Non-connected impervious area is included with pervious area and loss rates for both 

are assumed to be reflected by soil parameters DTHETA, PSIF and XKSAT. 

Basic soil parameters for the developed condition were assumed to be the same as the weighted 

parameters for the onsite existing condition. This presumes no change due to grading and 

earthwork. DTHETA assumes the dry condition except for the golf course and open space 

areas which assume half dry and half normal conditions. XKSAT is modified assuming 25 

percent vegetative cover (same as existing condition) except in the goKcourse/open space area 

where halfis assumed to have 100 percent cover and the other halfis assumed at 25 percent. 



In addition to the connected impervious and Green-Ampt soil loss considerations, HEC-1 also 

considers an initial rainfall abstraction or surface retention loss. In HEC-1, this loss only 

applies to pervious and non-connectedimpervious land use. Estimates of surface retention loss 

are estimated from Table 4.1 of the Hydrology Manual and range from 0.10 inches for 

commercial and recreation center to 0.15 inches for residential land use to 0.35 inches for 

existing desert or proposed golf and open space. 

Rainfall losses for the Rational Method are estimated by a single runoff coefficient parameter. 

This coefficient varies according to land use. Coefficients were selected based on Table 3.2 of 

the Hydrology Manual. A 100-year hquency fador of 1.25 is applied to runoff coefficients in 

anticipation of the next revision of the Hydrology Manual. 

In general, all loss rate parameters for onsite developed conditions are area-weighted for sub- 

basins consisting of multiple land use. A summary of Green and Ampt loss rate parameters, 

initial abstract and percent impervious as well as Rational runoff coefficients and associated 

rainfall excess is presented in Table 2. 

Hydrograph routing in HEC-I for this report is performed using Enematic wave and modified 

Puls options. Kinematic wave routing applies only to concrete lined trapezoidal channels and 

roadways. Modifled Puls routing applies to both channel and detention basin routing in the 

golflopen space areas. Cross sections for routing purposes are derived from grading and golf 

course plans. No infiltration/percolation losses are assumed for any modified Puls routing. 

Longitudinal channel slopes are estimated based on grading and golf course plans. The 



TABLE 2 

RAINF'ALL LOSSES FOR ONSITE AREAS 

(Rainfall Excess Based on 100-Year, &Hour Storm of 2.77 Inches) 

CLARK UNITGRAPH LOSS RATES 

Initial 
Loss PSIF XKSAT RTIMP 

(Inch& DTHETA (Inches) 0 (Percent) 

Single Family Residential & Casita 0.15 0.35 5.05 0.23 25 

GoWOpen Space 0.35 0.30 5.05 0.23 1 

Commercial & Recreation Center 0.10 -0.35 5.05 0.30 80 

Exist. Onsite Desert 0.35 0.35 5.05 0.23 1 

RATIONAL METHOD RUNOFF COEFFICIENTS 

Base Runoff Frequency Adjusted Runoff 
I4XUuS Coefficient C Factor Coefficient C 

Single Family Residential & Casita 0.50 1.25 0.63 

Golffopen Space 0.28* 1.25 0.35 

Commercial & Recreation Center 0.70 1.25 0.88 

Rainfall 
Excess 

(Inches) 

Rainfall 
Excess 

(Inches) 

* Composite C based on half turf @ C = 0.20 and the other half desert 8 C = 0.35 



number of routing steps is one (1) for reservoir routing. For channel routing, it is estimated 

based on reach length divided by an assumed average flow velocity of 5 feetlsecond divided by 

the computation time interval of 5 minutes (or 300 seconds). 

Detention basin volumes are estimated by HEC-1 on the basis of elevation-area input. Areas 

are estimated with the use of a digital planimeter. As mentioned previously, many detention 

basins reflect the sum of several sub-detention basins within them. The maximum possible 

depth of any detention basin is 6 feet measured h m  the lowest ground surface to the highest 

possible water surface stage. The hydraulics of detention basin outlets is discussed in the 

Hydraulic Assumptions and Methods section of this report. 



HYDROLOGIC MODELS 

There are three HEC-1 models presented in this report. Mode1 11389111 considers the entire 

contributing area to the southeast corner of the proposed expansion as one basin, existing 

conditions. Model 11389A2 takes the same existing condition basin in 11389A1 and breaks it 

into sub-basins according to onsite and offiite areas. Model 11389B takes the onsite sub- 

basin in 11389A2 and breaks it into developed condition sub-basins with channel and detention 

basin routing. In addition to these HEC-1 models, this report will present a comparison of peak 

flows and volumes from the Rational Method to those &om Clark Unitgraph for three selected 

onsite developed sub-basins. 

HEC-1 models 11389A1 and 11389A2 are intended to provide an existing condition peak 

discharge for comparison to the previous estimate by HDR and to the proposed developed 

condition. These two models also compare, between each other, the effects of breaking the total 

area into smaller sub-basins. Offiite flows in model 11389A2 are routed through the onsite 

area in hypothetical channels. An abbreviated output of HEC-1 model 11389B is included in 

Appendix C. Full input files of all HEC-1 models are provided on diskette in Appendix A. 
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BASIC SUB-BASIN PARAMETERS 7-15-92 

RESIST COEFF PARAMETERS LAND USE IA DTHETA PSIF XKSAT RTIMP . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Res SF 0.150 0.350 5.050 0.230 25.000 
Res CAS 0.150 0.350 5.050 0.230 25.000 
Golf/O. S . 0.350 0.300 5.050 0.300 1.000 

Corn 0.100 0.350 5.050 0 -230 80.000 
Exst des 0.350 ** ** ** 1.000 

SPECIFIC SUB-BASIN DATA (MCUHP1 input file) WEIGHTED GREEN / AMPT PARAMETERS - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Sub - Axea Length Resist. Slope IA DTHETA PSIF XKSAT RTIMP 

(h$ 
R 

Basln # (ml 2) (mi) Coeff, Kb (ft/ml) (%) (hr)  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OFFSITE 
A 
B 1 
B 2 
C 1 
C 2 
C3 
G4 
D 1 
D 2 
D 3 
D4 
E 
TOTAL 

ONSITE 
5 
10 
15 
2 0 
2 5 
30 
3 5 
40 
45 : S 
60 
6 5 
70 
7 5 
80 
8 5 
90 
9 5 
100 

SHEET 1 OF 2 



Sub - 
~ a s l n  # - - - - - - - -  

TOTAL 
O N S I T E  
AREA 

L e n g t h  R 
( m i )  C o  

Slope 
f t / r n l )  

I A  DTHETA P S I F  

- - - - - - - -  
XKSAT R T I M P  

(%)  

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

SHEET 2 O F  2 

GREEN AND AMPT R A I N F A L L  L O S S  PARAMETERS FOR E X I S T I N G  DESERT 
ARE WEIGHTED BY AREA O F  I N D I V I D U A L  S O I L  TYPES W I T H I N  EACH S U B - B A S I N .  

NOTE-  GREEN AND AMPT R A I N F A L L  L O S S  PARAMETERS FOR O N S I T E  DEVELOPED AREAS A R E  
BASED ON EXISTING CONDITION ONSITE AREA WEIGHTED VALUES FROM SUB-BASIN " E " .  



.......................................... 
* * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
* SEPTEMBER 1 9 9 0  * 
t VERSION 4.0 
* * 
* RUN DATE 0 7 / 7 6 / 1 9 9 2  TIME 20:09:43 * * 

U.S. ARMY CORPS OF ENGINEERS *. 
* HYDROLOGIC ENGINEERING CENTER * * 6 0 9  SECOND STREET t 

* DAVIS, CALIFORNIA 95616 t 

(916) 7 5 6 - 1 1 0 4  * 
* * 
....................................... 

X X XXXXXXX XXXXX X 
X X X  X X XX 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXX 

T H I S  PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOUN AS HEC1 (JAN 73). HECICS, HECIDB, AND HEC1KU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROH THOSE USED U I T H  THE 1973-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD WAS CHANGED U I T H  REVISIONS DATED 2 8  SEP 81. T H I S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L O U  SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC WAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

L I N E  

HEC-1 INPUT 

SUN C I T Y  WEST EXPANSION MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 11389 DATE: 16 JUL 9 2  
HEC-1 MODEL 1 1 3 8 9 A 2  (EXISTING CONDITION; MULTI SUB-BASIN) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) P l O D  = 2.77" 
NO AREAL REDUCTION FACTOR 

GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT I M P E R V I W S  ASSUMED 
TO BE 1 PERCENT. 

K b  BASED ON m = -0.016 and b = 0.10 
I D  
I D  TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
I D  BASED ON RESULTS FROH MCUHP1 (REVISED 1 2 - 1 6 - 9 1 )  
I D  
I D  TIME-AREA RELATION FROH TABLE 5.2, A L L  AREAS USE A NATURAL 
I D  TIME-AREA UA RECORD 
I D  
I D  OFFSITE FLOWS ARE RWTED THRWGH HYPOTHETICAL ONSITE CHANNELS 
I D  USING MODIFIED PULS RWTING.  CHANNELS REFLECT EXISTING 
I D  CROSS-SECTIONS AND EXISTING ROUGHNESS. 
1 D 
I D  
*DIAGRAM 
I T  5 1 5 0  
I 0  3 

KK SUBB1 RUNOFF HYDROGRAPH FROM SUB-BASIN B 1  
BA .I88 
I N  5 
PB 2.770 
PC .OOO .011 .018 .023 .028 .032 .046 .071 . I 0 0  
PC .I76 . 2 3 2  .327 .601 .743 .863 .901 .930 . 9 5 4  
PC .970 .979 .982 . 9 9 2  1 .OOO 
LG .350 . 3 5 0  5.09 . 2 8  1 
UC .508 . 2 8 8  

PAGE 1 
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KK RCHAB 
RS 2 
RC .050 
RX 500 
RY 100 

ROUTE HYDROGRAPH SUBBl THRU REACH AB; HYPOTHETICAL CHANNEL 
FLOU - 1 
-035 .050 2800 -005 
500 513 525 530 542 550 550 
100 97 95 95 97 100 100 

HEC-1 INPUT PAGE 2 

L I N E  

KK SUBA 
BA .867 
LG .35 
UC -996 
U A 0 
UA 100 

RUNOFF HYDROGRAPH FROM SUB-BASIN A 

RUNOFF HYDROGRAPH FROM SUB-BASIN 0 2  

KK SUMAB 
HC 3 

COMBINE HYDROGRAPH FROM RCHAB, SUBA & SUBB2 

KK RCHSUM 
RS 6 
RC .035 
RX 500 
RY 100 

ROUTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL 
FLOU - 1 
.050 .050 8670 .004 
500 560 560 580 580 600 600 
100 93 93 93 93 100 100 

KK SUBC 
BA -195 
LG .35 
UC .683 
U A 0 
UA 100 

KK RCHCD 
RS 1 
RC .050 
RX 500 
RY 100 

KK SUED 
BA .227 
LG .35 
UC .596 
U A 0 
UA 100 

KK SUMCD 
HC 2 

RUNOFF HYDROGRAPH FROM SUB-BASIN C 

ROUTE HYDROGRAPH SUBC THRU REACH CD: HYPOTHETICAL CHANNEL 
FLOU - 1 
.035 .050 2020 .004 
500 513 525 530 542 550 550 

RUNOFF HYDROGRAPH FROM SUB-BASIN D 

COMBINE HYDROGRAPH FROM SUBC & SUB0 

KK RCHSUM 
RS 4 
RC .050 
RX 500 
RY 100 

ROUTE HYDROGRAPH SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL 
FLOU - 1 
.035 ,050 5520 .005 
500 513 525 530 542 550 550 
100 97 95 95 97 100 100 

HEC-1 INPUT PAGE 3 

L I N E  

KK SUBE 
BA 1.297 
LG .35 
UC 1.104 
U A 0 
UA 100 

RUNOFF HYDROGRAPH FROH SUB-BASIN E 

COMBINE HYDROGRAPH FROM RCHSUM (WEST & NORTH) K K  SUMTOT 
HC 3 
ZZ 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L INE (V)  ROUTING ( - - ->I  DIVERSION OR PUMP FLOW 

NO. ( . I  CONNECTOR ( < - - - I  RETURN OF DIVERTED OR PUMPED FLOW 

SUBB1 
v 
v 

RCHAB 

SUBA 

SUBBZ 

SUMAB........................ 
v 
v 

RCHSUM 

SUBC 
v 
v .  

RCHCD 

SUED 

SUMCD............ 
v 
v 

RCHSUM 

SUBE 

\ 
SUMTOT........................ 

(***) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 
.......................................... 

* FLOOD HYDROGRAPH PACKAGE (HEC-1) * 
SEPTEMBER 1 9 9 0  * 

VERSION 4.0 * 
* 
* RUN DATE 0 7 / 1 6 / 1 9 9 2  TIME 20:09:43 
* 
......................................... 

SUN CITY WEST EXPANSION MASTER DRAINAGE 
STANLEY CONSULTANTS JOB # 11389 DATE: 1 6  JUL 9 2  
HEC-1 MODEL 1 1 3 8 9 A 2  (EXISTING CONDITION; MULTI SUB-BASIN) 

CLARK U N I T  HYDROGRAPH 

2-HR STORM DISTRIBUTION (TABLE 2.2) P I 0 0  = 2.77"' 
NO AREAL REDUCTION FACTOR 

GREEN-AMPT LOSS RATES FOR EXISTING CONDITIONS BASED ON 
AREA-WEIGHTED VALUES OF EXISTING SOILS ASSUMING DTHETA DRY 
AND VEGETATIVE COVER 2 5  PERCENT. 
I A  ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED 
TO BE 1 PERCENT. 

Kb BASED ON m = -0 .016 and b = 0.10 

t 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 
t 6 0 9  SECOND STREET . 

DAVIS, CALIFORNIA 9 5 6 1 6  * : 
t ( 9 1 6 )  7 5 6 - 1 1 0 4  * 
* n 

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

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R 
BASED ON RESULTS FROH MCUHPl (REVISED 1 2 - 1 6 - 9 1 )  



TIME-AREA RELATION FROM TABLE 5.2, ALL AREAS USE A NATURAL 
TIME-AREA UA RECORD 

OFFSITE FLOUS ARE ROUTED THROUGH HYPOTHETICAL ONSITE CHANNELS 
USING M W I F I E D  PULS ROUTING. CHANNELS REFLECT E X I S T I N G  
CROSS-SECTIONS AND EXISTING ROUGHNESS. 

3 1  I 0  OUTPUT CONTROL VARIABLES 
I PRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 
NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 
I T I M E  0 0 0 0  STARTING TIME 

NQ 1 5 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 
NDT IME 1 2 2 5  ENDING TIME 
I CENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 12.42 HOURS 

ENGLISH U N I T S  
DRAINAGE AREA SQUARE M I L E S  
PRECIPITATION DEPTH INCHES 
LENGTH, ELEVATION FEET 
FLOW CUBIC FEET PER SECOND 
STORAGE VOLUME ACRE- FEET 
SURFACE AREA ACRES 
TEMPERATURE DEGREES FAHRENHEIT 

* 
3 2  KK * SUBBI RUNOFF HYDROGRAPH FROM SUB-BASIN 8 1  * * 

3 4  I N  TIME DATA FOR INPUT TIME SERIES 
JXMIN 5 T IME INTERVAL I N  MINUTES 

JXDATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

3 3  BA SUBBASIN CHARACTERISTICS 
TAREA .19 SUBBASIN AREA 

PRECIPITATION DATA 

3 5  PB STORM 2.77 BASIN TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .01 .O1 .O1 .OO .01 . 0 3  .03  .04 .04 
.06  .09 .27 - 1 4  .12 .04 .03  . 0 2  .01 .01 
- 0 1  .oo .01 .O1 

3 9  LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I F  5.09 VETTING FRONT SUCTION 

XKSAT .28 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

4 0  UC CLARK UNITGRAPH 
TC .51 TIME OF CONCENTRATION 

R .29 STORAGE COEFFICIENT 

4 1  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96 .0  

100.0  



U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .51 HR, R= .29 HR 

SNYDER TP= .43 HR, CP= .85 

UN l T HYDROGRAPH 
23 END-OF-PERIOD ORDINATES 

8. 23. 45. 129. 228. 241. 197. 148. 111. 83. 
62. 46. 34. 26. 19. 14. 11. 8. 6. 4. 
3. 3. 2. 

HYDROGRAPH AT STATION SUBBl 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.40, TOTAL EXCESS = 1.37 

PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 284. 1 .SO 28. 13. 13. 13. 
(INCHES) 1.365 1.365 1.365 1.365 

(AC-FT) 14. 14. 14. 14. 

CUMULATIVE AREA = .19 SQ M I  

***********a** 
* * 

43 KK * RCHAB * ROUTE HYDROGRAPH SUBB1 THRU REACH AB; HYPOTHETICAL CHANNEL * 
************** 

HYDROGRAPH ROUTING DATA 

STORAGE ROUTING 
NSTPS 2 NUMBER OF SUBREACHES 

l T Y P  FLOU TYPE OF I N I T I A L  CONDITION 
RSVR I C -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH .035 U A l N  CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 2800. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOU CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
47 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
46 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE . 00 .11 .28 .49 .n 1.09 1.47 1-90 2.38 2.90 
W T F L O U  .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 3.45 4.03 . 4.65 5.29 5.96 6.67 7.41 8.17 8.97 9.80 
W T F L O U  232.95 293.99 361.56 435.70 . 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

HYDROGRAPH AT STATION RCHAB 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 



+ 262. 1.67 28. 13. 13. 13. 
(INCHES) 1.365 1.365 1.365 1 -365 

(AC-FT) 14. 14. 14. 14. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
2. 1.67 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.76 1.67 

HAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STAGE 
6- HR 24-HR 72-HR 12.42-HR 

CUMULATIVE AREA = .19 S 9  M I  

************** 
* 

48 KK * SUBA * RUNOFF HYDROGRAPH FROM SUB-BASIN A * * 

SUBBASIN RUNOFF DATA 

49 BA SUBBASIN CHARACTERISTICS 
TAREA .87 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2 . n  BASIN TOTAL PRECIPITATION 

36 P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 -01 .01 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 -12 .04 .03 .02 .O1 .O1 
.O1 . 00 .01 .O1 

50 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I  F 6.15 WETTING FRONT SUCTION 

XKSAT .21 HYDRAULIC CONDUCTIVITY 
RT I MP 1 .OO PERCENT IMPERVIOUS AREA 

51 UC CLARK UNITGRAPH 
TC 1 .OO TIME OF CONCENTRATION 

R .56 STORAGE COEFFICIENT 

52 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= 1.00 HR, R= -56 HR 

SNYDER TP= -83 HR, CP= .88 

U N I T  HYDROGRAPH 
43 END-OF-PERIOD ORDINATES 

12. 30. 45. 62. 86. 126. 231. 408. 553. 602. 
583. 539. 478. 412. 355. 305. 263. 226. 195. 168. 
144. 124. 107. 92. 79. 68. 59. 51. 43. 37. 
32. 28. 24. 21. 18. 15. 13. 11. 10. 8. 

7. 6. 5. 

HYDROGRAPH AT STATION SUBA 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.34, TOTAL EXCESS = 1.43 

PEAK F L W  TIME MAXIMUM AVERAGE FLOW 



(CFS) 
+ 811. 1.92 133. 64. 64. 64. 

(INCHES) 1.424 1.424 1.424 1.424 

CUMULATIVE AREA = .87 SQ M I  

************** 
* * 

54 KK * SUB82 * RUNOFF HYDROGRAPH FROM SUB-BASIN 82 * * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .16 SUBBASXN AREA 

PRECIPITATION DATA 

STORM 2.77 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .01 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01 
.O1 .oo .O1 .01 

GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH -35 MOISTURE DEFICIT 
PSI F 5.09 VETTING FRONT SUCTION 

XKSAT .28 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .72 TIME OF CONCENTRATION 

R .72 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC- .n HR, R= .72 HR 

SNYDER TP= .63 HR, CP= .62 

UNIT HYDROGRAPH 
52 END-OF-PER100 ORDINATES 

2. 6. 10. 16. 34. 69. 97. 102. 97. 88. 
79. 70. 63. 56. 50. 44. 39. 35. 31. 28. 
25. 22. 20. 18. 16. 14. 12. 11. 10. 9. 
8. 7. 6. 6. 5. 4. 4. 4. 3. 3. 
2. 2. 2. 2. 2. 1. 1. 1. 1. 1. 
1. 1. 

HYDROGRAPH AT STATION SUBB2 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.40, TOTAL EXCESS = 1.37 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

(CFS) 
+ 132. 1.75 24. 11. 11. 11. 

(INCHES) 1.364 1.364 1.364 1.364 

CUMULATIVE AREA = .16 sa MI 



************** 
* * 

60 KK * SUMAB * COMBINE HYDROGRAPH FROM RCHAB, SUBA & SUBB2 
* * 
************** 

61 HC HYDROGRAPH COMBINATION 
I COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION SUMAB 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 1100. 1.83 184. 89. 89. 89. 
(INCHES) 1.407 1.407 1.407 1.407 

(AC-FT) 91. 91. 91. 91. 

CUMULATIVE AREA = 1.22 SP M I  I 

************** 
* 

62 KK * RCHSUM ROUTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL * * 
************** 

HYDROGRAPH ROUTING DATA 

63 RS STORAGE ROUTING 
NSTPS 6 NUMBER OF SUBREACHES 

I T Y P  FLOW TYPE OF I N I T I A L  CONDITION 
RSVRI C -1.00 I N I T I A L  CONDITION 

X .OO W R K I N G  R AND D COEFFICIENT 

64 RC NORMAL DEPTH CHANNEL 
AN L .035 LEFT OVERBANK N-VALUE 

ANCH .050 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 8670. REACH LENGTH 
SEL .0040 ENERGY SLOPE 

ELMAX .O HAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
66 RY ELEVATION 100.00 100.00 93.00 93.00 93.00 93.00 100.00 100.00 
65 RX DISTANCE 500.00 500.00 560.00 560.00 580.00 580.00 600.00 600.00 

*** 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .00 1.62 3.55 5.79 8.34 11.19 14.36 17.83 21.61 25.70 
OUTFLOW .OO 7.76 26.59 56.12 96.88 149.57 214.94 293.75 386.76 494.74 

ELEVATION 93.00 93.37 93.74 94.11 94.47 94.84 95.21 95.58 95.95 96.32 I 
STORAGE 30.10 34.81 39.83 45.16 50.79 56.73 62.99 69.55 76.42 83.60 
WTFLOW 618.43 758.55 915.85 1091.02 1284.76 1497.76 1730.70 1984.24 2259.05 2555.77 

ELEVATION 96.68 97.05 97.42 97.79 98.16 98.53 98.89 99.26 99.63 100.00 I 



HYDROGRAPH AT STATION RCHSUM 

PEAK FLOW TIME 

+ (CFS) (HR) 

+ 969. 2.33 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
7. 2.33 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.53 2.33 

(CFS) 
184 .  

(INCHES) 1.403 
(AC-FT) 91. 

CUMULATIVE AREA = 

MAXIMUM AVERAGE FLOW 
24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STORAGE 
24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STAGE 
24-HR 72-HR 12.42-HR 

************** 
* * 

67 KK * SUBC * RUNOFF HYDROGRAPH FROM SUB-BASIN C * ' *  
************** 

SUBBASIN RUNOFF DATA 

68 BA SUBBASIN CHARACTERISTICS 
TAREA -19 SUBBASIN AREA 

PRECIPITATION DATA 

3 5  PB STORM 2.77 B A S I N  TOTAL PRECIPITATION 

3 6  P I  INCREMENTAL PRECIPITATION PATTERN 
.O1 .O1 .O1 .01 .OO . 0 1  .03 .03 .04 .04  
.06 .09  .27 .14  .12 .04  .03 - 0 2  .O1 .O1 
.O1 .oo .O1 .O1 

69 LC GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

OTH .35 MOISTURE D E F I C I T  
P S I F  6.05 WETTING FRONT SUCTION 

XKSAT . 2 0  HYDRAULIC CONDUCTIVITY 
RTIMP 1 .00  PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .68 T I M E  OF CONCENTRATION 

R .49 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0  43 .0  75 .0  90 .0  96.0 

100 .0  

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .68 HR, R= .49  HR 

SNYDER TP= .59 HR, CP= .75 

U N I T  HYDROGRAPH 
37 END-OF-PERIOO ORDINATES 

4. 11. 18. 30. 67. 128. 163. 160. 143. 122 .  
103 .  87. 74 .  62. 52. 44.  37. 32. 27 .  23 .  
19. 16. 14 .  11. 10. 8. 7. 6. 5.  4. 

4. 3. 3. 2. 2. 2. 1. 

HYDROGRAPH AT STATION SUBC 



TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 216. 1.67 30. 15. 15. 15. 
(INCHES) 1.451 1.451 1.451 1.451 

(AC-FT) 15. 15. 15. 15. 

CUMULATIVE AREA = .19 SQ HI 

73 KK * RCHCD * ROUTE HYDROGRAPH SUBC THRU REACH CD; HYPOTHETICAL CHANNEL * * 

HYDROGRAPH ROUTING DATA 

74 RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOW TYPE OF INITIAL CONDITION 
RSVR I C -1.00 INITIAL CONDITION 

X -00 WRKING R AND D COEFFICIENT 

75 RC NORMAL DEPTH CHANNEL 
ANL .050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR ,050 RIGHT OVERBANK N-VALUE 

RLNTH 2020. REACH LENGTH 
SEL .OD40 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLOW CALCULATION 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  

77 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
76 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE .OO .08 .20 .36 .55 .?9 1.06 1.37 1.72 2.09 
OUTFLOW .OO 1.65 6.03 13.49 24.53 39.62 59.21 83.75 116.59 159.58 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 2.49 2.91 3.35 3.82 4.30 4.81 5.34 5.90 6.47 7.07 
UJTFLOU 208.36 262.96 323.39 389.70 461.92 540.10 624.31 714.60 811.05 913.71 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

I 

HYDROGRAPH AT STATION RCHCD 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HRI 
(CFS) 

+ 199. 1.83 30. 15. 15. 15. 
(INCHES) 1.451 1.451 1.451 1.451 

(AC-FT) 15. 15. 15. 15. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
2. 1.83 

PEAK STAGE TIME 

+ (FEET) (HR) 
97.58 1.83 

MAXIMLIM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 12.42-HR 



CUMULATIVE AREA = .19 sa MI 

************** 
* * 

78KK * SUBD * RUNOFF HYDROGRAPH FROM SUB-BASIN D * 
************** 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA .U SUBBASIN AREA 

PRECIPITATION DATA 

STORM 2.77 B A S I N  TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .01 .01 .OO .01 -03 .03 .04 -04 
.06 .09 .27 .14 .12 .04 - 0 3  .02 .01 .01 
.O1 .oo -01 .O1 

GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH .35 MOISTURE D E F I C I T  
P S I  F 4.34 UETTING FRONT SUCTION 

XKSAT .26 HYDRAULIC CONDUCTIVITY 
RTIMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC .60 TIME OF CONCENTRATION 

R .40 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC= .60 HR, R= .40 HR 

SNYDER TP= .50 HR, CP= .77 

U N I T  HYDROGRAPH 
30 END-OF-PERIW ORDINATES 

6. 17. 30. 68. 158. 226. 224. 194. 159. 128. 
104. 84. 68. 55. 45. 36. 29. 24. 19. 16. 
13. 10. 8. 7. 5. 4. 4. 3. 2. 2. 

HYDROGRAPH AT STATION SUB0 

TOTAL RAINFALL ;: 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45 

PEAK FLOW TIME 

+ (CFS) (HR) 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

. . 
(CFS) 

+ 293. 1.58 35. 17. 17. 17. 
(INCHES) 1.446 1.446 1.446 1.446 

(AC- FT)  18. 18. 18. 18. 

CUMULATIVE AREA = .23 SQ H I  

************** 
* * 

84 K K  * SUMCO * COHBINE HYOROGRAPH FROM SUBC & SUB0 



85 HC HYDROGRAPH COMBINATION 
I COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

*** 

HYDROGRAPH AT STATION SUMCD 

PEAK FLOU TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 449. 1.67 66. 32. 32. 32. 
(INCHES) 1.448 1.448 1.448 1.448 

(AC-FT) 33. 33. 33. 33. 

CUMULATIVE AREA = .42 SQ M I  

************** 
* * 

86 KK RCHSUM * ROUTE HYDROGRAPH SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL * 

HYDROGRAPH ROUTING DATA 

87 RS STORAGE ROUTING 
NSTPS 4 NUMBER OF SUBREACHES 

I T Y P  F L W  TYPE OF I N I T I A L  CONDITION 
RSVRIC -1.00 I N I T I A L  CONDITION 

X .OO WORKING R AND D COEFFICIENT 

88 RC NORMAL DEPTH CHANNEL 
AN L .050 LEFT OVERBANK N-VALUE 

ANCH .035 MAIN CHANNEL N-VALUE 
ANR .050 RIGHT OVERBANK N-VALUE 

RLNTH 5520. REACH LENGTH 
SEL .0050 ENERGY SLOPE 

ELMAX .O MAX. ELEV. FOR STORAGE/WTFLW CALCULATION 

CROSS-SECTION DATA - - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  
90 RY ELEVATION 100.00 100.00 97.00 95.00 95.00 97.00 100.00 100.00 
89 RX DISTANCE 500.00 500.00 513.00 525.00 530.00 542.00 550.00 550.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA I - 
STORAGE .OO .22 .54 .97 1.51 2.15 2.90 3.75 4.70 5.72 
W T F L W  .OO 1.85 6.74 15.09 27.43 44.30 66.20 93.64 130.36 178.41 

ELEVATION 95.00 95.26 95.53 95.79 96.05 96.32 96.58 96.84 97.11 97.37 

STORAGE 6.81 7.95 9.16 10.43 11.76 13.15 14.60 16.11 17.69 19.33 
W T F L W  232.95 293.99 361.56 435.70 516.44 603.85 698.00 798.95 906.78 1021.56 

ELEVATION 97.63 97.89 98.16 98.42 98.68 98.95 99.21 99.47 99.74 100.00 

I 
I 

HYDROGRAPH AT STATION RCHSUM 

PEAK F L W  TIME MAXIMUM AVERAGE F L W  
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 420. 1.92 66. 32. 32. 32. 
(INCHES) 1.447 1.448 1.448 1.448 

(AC-FT) 33. 33. 33. 33. 



PEAK STORAGE T I M E  MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 12.42-HR 

+ (AC-FT) (HR) 
3. 1.92 

PEAK STAGE TIME 

+ (FEET) ( H R )  
98.37 1.92 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 12.42-HR 

CUMULATIVE AREA = .42 SP M I  

* 
91 KK * SUBE RUNOFF HYDROGRAPH FRW SUB-BASIN E * * 

SUBBASIN RUNOFF DATA 

92 BA SUBBASIN CHARACTER I ST I C S  
TAREA 1.30 SUBBASIN AREA 

PRECIPITATION DATA 

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION 

36 PI INCREMENTAL PRECIPITATION PATTERN 
.01 .O1 .O1 .O1 .OO .O1 .03 .03 .04 .04 
.06 .09 .27 .14 .12 .04 .03 .02 .01 .O1 
.O1 .oo .O1 .01 

93 LG GREEN AND AMPT LOSS RATE 
STRTL .35 STARTING LOSS 

DTH -35 MOISTURE DEFICIT 
PSI F 5.05 WETTING FRONT SUCTION 

XKSAT .U HYDRAULIC CONDUCTIVITY 
RTlMP 1.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC 1.10 TIME OF CONCENTRATION 

R .58 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
.O 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0 

100.0 

UNIT HYOROGRAPH PARAMETERS 
CLARK TC= 1.10HR, R= .58 HR 

SNYDER TP= .92 HR, CP= .91 

UNIT HYOROGRAPH 
46 END-OF-PERIOD ORDINATES 

15. 40. 59. 78. 103. 144. 229. 387. 617. 797. 
847. 821. 761. 685. 598. 518. 448. 388. 336. 291. 
252. 218. 189. 164. 142. 123. 106. 92. 80. 69. 
60. 52. 45. 39. 34. 29. 25. 22. 19. 16. 
14. 12. 11. 9. a. 7. 

HYDROGRAPH AT STATION SUBE 

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46 

PEAK FLOW T I M E  MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 1167. 2.00 202. 98. 98. 98. 
( INCHES) 1.451 1.451 1.451 1.451 

(AC-FT) 100. 100. 100. 100. 



CUMULATIVE AREA = 1.30 SQ MI 

* * 
97 KK * SUMTOT * COMBINE HYDROGRAPH FROM RCHSUM (WEST & NORTH) * * 

************** 

98 HC HYDROGRAPH COMBINATION 
I COUP 3 NUMBER OF HYDROGRAPHS TO COMBINE 

*** 

HYDROGRAPH AT STATION SUMTOT 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 12.42-HR 

+ (CFS) (HR) 
(CFS) 

+ 2275. 2.17 451. 218. 218. 218. 
(INCHES) 1.429 1.432 1.432 1.432 

(AC-FT) 224. 224. 224. 224. 

CUMULATIVE AREA = 2.93 SP MI 

RUNOFF SUMMARY 
FLOU IN CUBIC FEET PER SECOND 

TIME IN HOURS, AREA IN SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD 
OPERAT ION STAT I ON FLOU PEAK 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ SUBBl 284. 1.50 28. 13. 13. 

ROUTED TO 
+ RCHAB 262. 1.67 28. 13. 13. 
+ 

HYDROGRAPH AT 
+ SUBA 811. 1.92 133. 64. 64. 

HYDROGRAPH AT 
+ SUB02 132. 1.75 24. 11. 11. 

3 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

SUMAB 

RCHSUM 

SUBC 

BASIN MAXIMUM TIMEOF 
AREA STAGE MAX STAGE I 

ROUTED TO 
+ RCHCD 199. 1.83 30. 15. 15. .19 
+ 97.58 1.83 

I 
HYDROGRAPH AT 

+ SUBD 293. 1.58 35. 17. 17. .23 

2 COMBINED AT 
+ SUMCD 449. 1.67 66. 32. 32. .42 

ROUTED TO 
+ RCHSUM 420. 1.92 66. 32. 32. .42 
a 98.37 1.92 

I 



HYDROGRAPH AT 
+ SUBE 1167. 2.00 202. 98. 98. 1.30 

3 COMBINED AT 
+ SUMTOT 2275. 2.17 451. 218. 218. 2.93 

*** NORMAL END OF HEC-1 *** 


