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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 Cl - C4 and
D1 - D4. Thus, the loss rate parameters: (Green and Ampt) 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 first 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 Bullard) 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 freeway 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 from 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 frequency. 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 all 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 at or slightly below the existing wash flow line. This concept will
continue to be followed from 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 at 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 3:1 side slopes or a gunite lined channel with 8
t010 foot bottom and 1/2-1 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 from future freeway 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 i3 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 Cella Barr in

their 1990 memorandum.

Station Culvert Cost
1141 + 23 3-36" RCP x 250’ $ 67,500
1144 + 00 2-6’x 6 CBC x 225’ 108,900
1158 + 60 2-8’ x 6' CBC x 225’ 131,500
1169 + 80 4-36" RCP x 225’ 81,000
1179 + 50 1-36" RCP x 225 20,250
1187 + 70 1-36" RCP x 225’ 20,250
1201 + 50 1-36" RCP x 225’ 20,250
1214 + 80 2-36" RCP x 225’ 40,500
1226 + 50 1-36" RCP x 225’ 20,250
1235 + 50 2-36" RCP x 225’ 40,500
1249 + 80 2-36" RCP x 225’ 40,500
1265 + 50 6-36" RCP x 225’ 121,500
1279 + 30 5-36" RCP x 225’ 101,250
1285 + 25 3-36" RCP x 225’ 60,750
1294 + 55 5-36" RCP x 225’ 101,250
1294 + 75 8-36" RCP x 225’ 162,000
1303 + 90 9-36" RCP x 225’ 182,250
1317 + 95 3-8 x 6’ CBC x 225’ 182.800

$ 1,503,200
Culverts/Costs:

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



CONCLUSIONS AND RECOMMENDATIONS

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 réquires, and is consistent with methods and general hydrology for that
development. The 50-year peak flows from Cella Barr 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 D1-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 from 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 the 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 34" high concrete pipe

indicating it can convey more than half again as much as 36" diameter concrete pipe.

It has been recommended by ADOT in past coordination meetings that, where concrete box
culverts are proposed, the minimum height should be 6 feet. This recommendation has been
followed for culverts at 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 36" 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 Barr’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 freeway profile that the culvert concept enables.
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APPENDIX A
HYDROLOGY



BASIC INPUT PARAMETERS FOR HEC-1 MODEL 11292A

Hrs/Min.  Hrs.

Acres Sq. Mi, Ft/Mi,
Slope
Culvert Offsite Onsite Total Total In Ft.
Sub-Basin  Station Area Area Area Area Length El(High) El(Low) Per Mi. Kb TC R
C1 1235+50 17 1 18 0.028 1350/0.256 1318 1315 11.97 0.08 0.479/28.8 0.422
C2 1249+80 16 1 17 0.027 1600/0.303 1317 1313 13.2 0.08 0.512/30.8 0.531
C3 1265+50 38 3 41 0.064 2100/0.398 1316 1308 201 0.074 0.488/29.3 0.382
C4 1279+30 34 3 37 0.058 2400/0.455 1315 1303 264 0.075 0.479/28.8 0.441
D1 1285+25 20 1 21 0.033 2100/0.398 1314 1301 32.7 0.079 0.408/24.5 0.458
D2 1294455 34 1 35 0.055 2600/0.492 1313 1298 30.5 0.075 0.475/28.5 0.480
D3 1294+75 51 1 52 0.081 3100/0.587 1312 1294 30.7 0.073 0.533/32.0 0.504
D4 1303+90 56 1 67 0.089 3100/0.587 1311 1292 324 0.072 0.512/30.8 0.457
Loss Rates for Green and AMPT Record
SUB-BASIN ]A DTHETA  PSIF X KSAT RTIMP
Ci1-C4 0.35 0.35 6.05 0.20 1
D1-D4 0.35 0.35 4.34 0.24 1
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ESTRELLA FREEWAY PROJECT RAM-600-0-301
FILENAME : 11292A DATE : SEPTEMBER 4, 1992
NORTH CHANNEL 100YR-2HR SUN CITY WEST EXP AREA

710 QUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
IPLOT 0 PLOT CONTROL
QSCAL 0. HYDROGRAPH PLOT SCALE
1T HYDROGRAPH TIME DATA
NMIN 5 MINUTES IN COMPUTATION INTERVAL
IDATE 1 0 STARTING DATE
ITIME 0000 STARTING TIME
NQ 36 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

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT
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10 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 5 TIME INTERVAL IN MINUTES
JXDATE 1 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

9 BA SUBBASIN CHARACTERISTICS
TAREA .03 SUBBASIN AREA

PRECIPITATION DATA

11 pB STORM 2.77 BASIN TOTAL PRECIPITATION
12 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 27 14 12 .04 .03 .02 .01 .01
.01 .00 .01 .01
15 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 6.05 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
16 UC CLARK UNITGRAPH
ic .48 TIME OF CONCENTRATION
R .42 STORAGE COEFFICIENT
17 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0



100.0

*hk

UNIT HYDROGRAPH PARAMETERS

CLARK TC= .48 HR, R= .42 HR
SNYDER TP= .42 KR, cP= .65
UNIT HYDROGRAPH
31 END-OF-PERIOD ORDINATES
1. 3. 6. 17. 28. 28. 24. 20. 16. 13.
1. 9. 7. 6. 5. 4. 3. 3. 2. 2.
2. 1. 1. 1. 1. 1. 0. 0. 0. 0.
0.
ok Ly *h ik wkn
HYDROGRAPH AT STATION SUBC1
TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 36. 1.50 9. 9. 9. 9.
(INCHES) 1.417 1.417 1.417 1.417
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .03 sa MI

ddkk dhkk dekdk ekl Rl dkd RWE AR Wk Rk dkdr ke Waksk bk kI kbl kbl bl Wik b dbib bk bk ks Rk ek Rk ek bk AR kR ok kR

dededededede o o o o e e e o
* *

19 KK *  RCHC2 * ROUTE HYDROGRAPH SUBC1 THRU REACH C2; GUNITE CHANNEL
* *
E2 222222222122}
HYDROGRAPH ROUTING DATA
20 RK KINEMATIC WAVE STREAM ROUTING

L 1400. CHANNEL LENGTH

s .0050 SLOPE

N .016 CHANNEL ROUGHNESS COEFFICIENT

cA .00 CONTRIBUTING AREA

SHAPE TRAP CHANNEL SHAPE
W 10.00 BOTTOM WIDTH OR DIAMETER
z .50 SIDE SLOPE
NOXMIN 2 MINIMUM NUMBER OF DX INTERVALS
ik
COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)
ELEMENT  ALPHA N oT 0X PEAK TIME TO  VOLUME  MAXIMUM
PEAK CELERITY
(HIN) (FT) (CFS) (MIN) (IN) (FPS)
MAIN 1.75 1.49 1.15  466.67  35.78  92.76 1.41 7.11

CONTINUITY SUMMARY (AC-FT) - INFLOW= .2117E+01 EXCESS= .0C00E+00 OUTFLOW= .2099E+01 BASIN STORAGE= .2070E-01 PERCENT ERROR=  -.1

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 1.75 1.49 5.00 35.77 95.00 1.40
Rk an ek wkk ik
HYDROGRAPH AT STATION  RCHC2
PEAK FLOW TIME MAXIMUM AVERAGE FLOW



6-HR 24-HR 72-HR 2.92-HR
+  (CFS) (HR)
(CFS)
+ 36. 1.58 9. 9. 9. 9.
(INCHES) 1.399 1.399 1.399 1.399
(AC-FT) 2. 2. 2. 2.

CUMULATIVE AREA = .03 sQ NI

dedkde dedede Wkk Rl deddk kkk ek Nkk dedked dkdk kdk kdkdr Wkl Adkd AR kWl wkd Ak ek dekd dedkde ek Rkl Wkl RRR ke Ak ddkk kdk dkkdk hkd ke dekd

e e Je v e e v e e e e e ke o
* L

21 KK * susc2 * RUNOFF HYDROGRAPH FROM AREA SUBC2
* *

dedededededededede de dr A ke e

SUBBASIN RUNOFF DATA

22 BA SUBBASIN CHARACTERISTICS
TAREA .03 SUBBASIN AREA

PRECIPITATION DATA

11 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
12 P1 INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 .27 14 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
23 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 6.05 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
24 UC CLARK UNITGRAPH
TC .51 TIME OF CONCENTRATION
R .53 STORAGE COEFFICIENT
25 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

R

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .51 HR, R= .53 HR
SNYDER TP= .47 KR, cp= .63

UNIT NYDROGRAPH
38 END-OF-PERIOD ORDINATES

1. 2. 4. 1. 20. 23. 21. 18. 16. 13.

1. 10. 8. 7. 6. 5. 4. 4. 3. 3.
2. 2. 2. 1. 1. 1. 1. 1. 1. 1.
0. 0. 0. 0. 0. 0. 0. 0.

kR wkw ik dhd kW

HYDROGRAPH AT STATION SUBC2
TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 30. 1.58 8. 8. 8. 8.
(INCHES) 1.371 1.371 1.371 1.371
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .03 sa MI



Rk dkdrde dkk Mk ddek drdek dekdk ddedke deddr ekl dekd el dedkde Al ks dedrdk ded Wk el kel Wk hededk dededr ek ek drdedr ke ek ke ek ko kkd kR

SRR RRAR NN KRR
] *
27 KK * SUMC2 *
* *
ek Ak ek k Rk

COMBINE HYDROGRAPHS RCHC2 AND SUBC2

28 HC HYDROGRAPH COMBINATION
1COMP 2 NUMBER OF HYDROGRAPHS TQ COMBINE
*hk
ki ik kw 2 ] kW
HYDROGRAPH AT STATION SUMC2
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 66. 1.58 17. 17. 17. 17.
CINCHES) 1.385 1.385 1.385 1.385
(AC-FT) 4. 4. 4. 4.
CUMULATIVE AREA = .05 sa M1

dedkdk ek ddkk Akl dekdk bkl el drded Wik ke Wkl WAl el Wkl drdkdk kel dded Wil bl dedede Wbl el ekl dededr Wk Wk WAk Ak ek ke kkd ek dkdede

dededededrdde ke dededk kel

* -
29 KX * RCHC3 * ROUTE HYDROGRAPH SUMCZ2 THRU REACH C3; GUNITE CHANNEL
* *

dededede ek dedeode e de ke e

HYDROGRAPH ROUTING DATA

30 RK

KINEMATIC WAVE STREAM ROUTING

1600.
.0050
.016
.00
TRAP
10.00
.50
NDXMIN 2

nEB S0,

CHANNEL LENGTH

SLOPE

CHANNEL ROUGHNESS COEFFICIENT
CONTRIBUTING AREA

CHANNEL SHAPE

BOTTOM WIDTH OR DIAMETER

SIDE SLOPE

MINIMUM NUMBER OF DX INTERVALS

ek

COMPUTED KINEMATIC PARAMETERS

ELEMENT ALPHA

MAIN 1.75

VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

L] ot DX PEAK

(MIN) (FT) (CFS)

1.49 1.13 533.33 65.71

TIME TO
PEAK
(MIN)

97.29

VOLUME
(IN)

1.37

MAXTMUM
CELERITY
(FPS)

8.70

CONTINUITY SUMMARY (AC-FT) - INFLOW= .4064E+Q1 EXCESS= .0000E+00 OUTFLOW= .4029E+01 BASIN STORAGE= .4724E-01 PERCENT ERROR= -.3
INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 1.75 1.49 5.00 64.04 95.00 1.37

dkk *k® hk ik L i1

HYDROGRAPH AT STATION RCHC3

TIME MAXIMUM AVERAGE FLOW

24-HR 72-HR

PEAK FLOW

6-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 sa Ml

dddk dekdk dkkd kkde Wl RRA ddw Ak Wl AWl Rdd ekl W Al kW kR ke bl el ekl kR A ok AR Rk RRd ARk Rk dkk Wk ke Ak kW

Ak ddd kR kR h
* *
31 KK * SUBC3 *
* »
HRRARKI AN KRR

RUNOFF HYDROGRAPH FROM AREA SUBC3

SUBBASIN RUNOFF DATA

32 BA SUBBASIN CHARACTERISTICS
TAREA .06 SUBBASIN AREA
PRECIPITATION DATA
11 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
12 P1 INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 27 4 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
33 L6 GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 6.05 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTINP 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
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

wkd

UNIT KYDROGRAPH PARAMETERS

CLARK TC= .49 HR, R= .38 HR
SNYDER TP= .42 MR, cP= .70
UNIT WYDROGRAPH
28 END-OF-PERIOD ORDINATES
2. 6. 1%. 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.
whw it an Wik hew

TOTAL RAINFALL =

PEAK FLOW TIME

+ (CFS) (HR)
+ 87. 1.58

HYDROGRAPH AT STATION

2.77, TOTAL LOSS =

6-HR

(CFS)
20.
(INCHES) 1.429
(AC-FT) 5.

CUMULATIVE AREA =

SUBC3
1.31, TOTAL EXCESS = 1.46

MAXIMUM AVERAGE FLOW

24-HR 72-HR 2.92-HR
20. 20, 20.
1.429 1.429 1.429
5. 5. 5.

.06 sa Ml



deded dedek dekde dkde kkd sk Rk ddkdr kddk dededr ek dedkd ek dedok dededr e e dededr e dekk dbdedr ek ek dedrd rkde ek kel deder kel kkk kR ke kb

Fhk kR Rk
* *
37 KK *

SUMC3 *
* . *
RRRA IR TRRN

COMBINE HYDROGRAPHS RCHC3 AND SUBC3

38 HC HYDROGRAPH COMBINATION
1COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE
ok
Rk *hk *hk *kk wkk
HYDROGRAPH AT STATION SuMC3
PEAK FLOW TIME MAXTMUM 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 sa MI

Kkk dedede Wkl Rkk kkd kkdk dklk skl ko ekl ek Akl ke kbl ddk dkk kdd kdrk dddr deddk el dededr ekl dkk dkk kkk ek dekek kkw wkk kkdk hkk kkk

dededededededededededededed

* *
39 KK * RCHC4 *
* *

drdededede e ded ok dede ok

HYDROGRAPH ROUTING DATA

40 RK

L 1400.

S .0050

N .016

CA .00
SHAPE TRAP
W 10.00

Z .50
NDXMIN 2

KINEMATIC WAVE STREAM ROUTING

CHANNEL LENGTH

SLOPE

CHANNEL ROUGHNESS COEFFICIENT
CONTRIBUTING AREA

CHANNEL SHAPE

BOTTOM WIDTH OR DIAMETER

SIDE SLOPE

MINIMUM NUMBER OF DX INTERVALS

i

COMPUTED KINEMATIC PARAMETERS

ELEMENTY ALPHA

MAIN 1.75

VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

| DT DX PEAK
(MIN) (FT) (CFS)
1.49 .79 466.67 150.17

ROUTE HYDROGRAPH SUMC3 THRU REACH C4; GUNITE CHANNEL

TIME TO
PEAK
(MIN)

96.55

VOLUME MAXTMUM
CELERITY
41 )} (FPS)
1.39 11.44

CONTINUITY SUMMARY (AC-FT) - INFLOW= .8889E+01 EXCESS= .0000E+00 OUTFLOW= .B8838E+01 BASIN STORAGE= .6064E-01 PERCENT ERROR=

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 1.75 1.49 5.00 148.12 95.00 1.39
*hk ik ke ik *kk
HYDROGRAPH AY STATION RCHC4
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)

(CFS)



+ 148. 1.58 37. 37. 37. 37.
(INCHES) 1.391 1.391 1.391 1.391
(AC-FT) 9. 9. 9. 9.

CUMULATIVE AREA = .12 SQ Ml

dededk dekde ddkde dedede ke sk dedd dededk e dedrdr dededr el Wbl el ol ek kb ek ek dedel ol Wk ek ke deded kel e ke ek Wl Wkl kil bk

dedededededededede e de e e e
* *

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

dekdkkkkkhhikhdd

SUBBASIN RUNOFF DATA

42 BA SUBBASIN CHARACTERISTICS
TAREA .06 SUBBASIN AREA

PRECIPITATION DATA

11 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
12 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 27 14 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
43 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 6.05 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
44 UC CLARK UNITGRAPH
TC .48 TIME OF CONCENTRATION
R .44 STORAGE COEFFICIENT
45 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

Wi

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .48 KR, R= .44 HR
SNYDER TP= .42 R, cP= .63

UNIT HYDROGRAPH
32 END-OF-PERIOD ORDINATES

2. 5. 12. 35. 56. 56. 49. 40. 33. 28.
23. 19. 16. 13. 1. 9. 7. 6. 5. 4.
3. 3. 2. 2. 2. 1. 1. 1. 1. 1.
1. 0.
kK *e ke *kk xkk

HYDROGRAPH AT STATION SUBC4

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.31, TOTAL EXCESS = 1.46
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 72. 1.58 18. ° 18. 18. 18.
CINCHES) 1.411 1.411 1.41% 1.411
(AC-FT) 4. 4. 4. 4.

CUMULATIVE AREA = .06 sQ MI

ddkde kAkk khkk ddkk kkdk khdk Rhk kkdk kkdk ddkdk khd ddkd khk kkk kR kR ddkk wkd dekd Rk kkd RkR kdkk kkk wkk Akk hkE kkk kkk kkk kAR kkd kkh




Jedededede de dededede e dedede

* *
47 KK * SUMC4 * COMBINE HYDROGRAPHS RCHC4 AND SUBCS
* *
T
48 HC HYDROGRAPH COMBINATION
1CoMP 2 NUMBER OF HYDROGRAPHS TO COMBINE
ik
Sk dekk *hk ek ke
HYDROGRAPH AT STATION SUMC4
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
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 sQ MI

dededke ddkde dededr dedde ek dededr ki Al el Wk Wkt ek Rl R kbl ik Wl Wl dedek b el deded Ak dedrde ddlr Wk ek ek dedede dekd ke ke

ek d ek kb d ok

* W
49 KK * RCHD1 *
* *
Adedede ke Rk

HYDROGRAPH ROUTING DATA

ROUTE HYDROGRAPH SUMC4 THRU REACH D1; GUNITE CHANNEL

CHANNEL LENGTH

SLOPE

CHANNEL ROUGHNESS COEFFICIENT
CONTRIBUTING AREA

CHANNEL SHAPE

BOTTOM WIDTH OR DIAMETER
SIDE SLOPE

50 RK KINEMATIC WAVE STREAM ROUTING
L 600.
S .0050
N .016
CA .00
SHAPE TRAP
WD 10.00
4 .50
NDXMIN 2

MINIMUM NUMBER OF DX INTERVALS

whw

COMPUTED KINEMATIC PARAMETERS

ELEMENT ALPHA

MAIN 1.75

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

MAIN 1.75

k2 2 k22

HYDROGRAPH AT STATION

PEAK FLOW TIME
6-HR
+ (CFS) (HR)
(CFS)
+ 219. 1.58 55.

ke

VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

M T bX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

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

1.49 .30 200.00 220.05 95.51 1.39 12.97

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

1.49 5.00 218.66 95.00 1.40
112 ik
RCHD1
MAXIMUM AVERAGE FLOW
24-HR 72-HR 2.92-HR
55. 55. 55.



CINCHES) 1.396 1.396 1.396 1.396
(AC-FT) 13. 13. 13. 13.
CUMULATIVE AREA = .18 sQ MI

ddkde kkk dhkk wkd ddd kel dkw dkw Rkl dkk kW kdw Fddk Wkl dlrd bl ARd dkd okl Rkl Rk Rdk dedek kddk Wkl dedek kel kel RkdR RAR kkk kR R hkR

dede o de v de e ke deode de e e ke

* *
51 KK * susD1 * RUNOFF HYDROGRAPH FROM AREA SUBD1
* *

RN ARRRRRNNRETE

SUBBASIN RUNOFF DATA

52 BA SUBBASIN CHARACTERISTICS
TAREA .03 SUBBASIN AREA

PRECIPITATION DATA

11 pB STORM 2.77 BASIN TOTAL PRECIPITATION
12 PI INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 .27 .14 .12 04 .03 .02 .01 .01
.01 .00 .01 .01
53 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 4.34 WETTING FRONT SUCTION
XKSAT .26 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
54 UC CLARK UNITGRAPH
TC .41 TIME OF CONCENTRATION
R .46 STORAGE COEFFICIENT
55 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

ik

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .41 HR, R= .46 HR
SNYDER TP= .39 KR, cP= .62

UNIT HYDROGRAPH
33 END-OF-PERIOD ORDINATES

1. 4. 12. 27. 33. 30. a5. 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.
ek Y *irn i Ty

HYDROGRAPH AT STATION SUBRD1
TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+  (CFS) (HR)
(CFS)
+ 41. 1.50 10. 10. 10. 10.
CINCHES) 1.405 1.405 1.405 1.405
(AC-FT) 2. 2. 2. 2.
CUMULATIVE AREA = .03 sq MI

dedd ek kol kAl dkw ddwr W ddd bk kW ik Wl il il Rk bkl ARl bk el el R Wl ekl Wl ek WAkl ol bl Rl ot Al ek ke



dededevedededede ik kd ko
* *

57 KK * SUMD1 * COMBINE HYDROGRAPHS RCHD1 AND SUBD1
:************:
58 KC HYDROGRAPH COMBINATION
1COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE
ik
*kk *hk *hk kw whk

HYDROGRAPH AT STATION SUMD 1

PEAK FLOW TIME MAXTMUM AVERAGE FLOW
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.
CUMULATIVE AREA = .21 sQ MI

*hE Ak Rk ekl ok dkk WWw wdd ddkw Rl Wkl sl Wil kel edrd wdd ek Rl Wkw ek skl bl drdedr kW sk bdedr kb ke ek bkl Wl ek ke

e de dedrdedr o e e dede e

* *
59 KK * RCHD2 * ROUTE HYDROGRAPK SUMD1 THRU REACH D2; GUNITE CHANNEL
* *

Fhdkhkkkhkhkhihkd

HYDROGRAPH ROUTING DATA

60 RK KINEMATIC WAVE STREAM ROUTING
L 900. CHANNEL LENGTH
S .0050 SLOPE
N .016 CHANNEL ROUGHNESS COEFFICIENT
CA .00 CONTRIBUTING AREA
SHAPE TRAP CHANNKEL SHAPE
WO 10.00 BOTTOM WIDTR OR DIAMETER
z .50 SIDE SLOPE
NDXMIN 2 MINIMUM NUMBER OF DX INTERVALS

i

COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

ELEMENT ALPHA M 0T DX PEAK TIME TO VOLUME MAXIMUM
PEAK CELERITY

(MIN) (FT) (CFS) (MIN) C(IN) (FPS)

MAIN 1.75 1.49 49 300.00 256.63 95.76 1.39 13.66

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1565E+02 EXCESS= .0000E+00 OUTFLOW= .1559E+402 BASIN STORAGE= .5920E-01 PERCENT ERROR= .0

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 1.75 1.49 5.00 254.78 95.00 1.39

dedede kk® hkk el *hd

HYDROGRAPH AT STATION RCHD2

PEAK FLOW TIME MAXTMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 255. 1.58 65. 65. 65. 65.

CINCHES) 1.394 1.394 1.394 1.394



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

CUMULATIVE AREA = .21 sa Ml

KKK KEE AKX KRNW AAKE KXE FAN Addk KRR Ahd AR Rk TRl Al Add Rkl dkdr Rkl Rkk AR kd ke Wk R hkd Rk AR RRR kA AR kkh AAR hkk AAR

HAARRKKKHRKKAR
* *
61 KK * SuBD2 *
* *
etk s de e de ke

RUNOFF HYDROGRAPH FROM AREA SUBD2

SUBBASIN RUNOFF DATA

62 BA SUBBASIN CHARACTERISTICS
TAREA .05 SUBBASIN AREA
PRECIPITATION DATA
11 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
12 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01
.06 .09 .27 .14 .12 .04
.01 .00 .01 .01
63 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 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
.0 3.0 5.0 8.0 12.0 20.0
100.0
hh®
UNIT HYDROGRAPH PARAMETERS
CLARK TCs .47 WR, R=
SNYDER TP= 42 WR, CP=
UNIT WYDROGRAPH
34 END-OF-PERIOD ORDINATES
2. 5. 1. 32. 50. 50. &4,
22. 18. 16. 13. 1. 9. 8.
4. 3. 3. 2. 2. 2. 1.
1. 1. 0. 0.
ddek ke E 2 2] wkk [ 3 2 ]
HYDROGRAPH AT STATION SUBD2
TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-KR 72-KR 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

dedkdk dkdr dkkk ddk ke kvl kel ke ek bkl Rk el bl Wk Rl kel kRl kRl gl b e kbl bk ek

.03
.03

43.0

.48 HR
.60

.03 .04 .04
.02 .01 .01
75.0 90.0 96.0

31. 26.

5. 5.

1. 1.

drkd Ak Wkl drkk ddd dkk ddedk dkk kAR



dedkkkdhkkkikihih
* *

67 KK * SUMD2 * COMBINE HYDROGRAPHS RCHD2 AND SUBDZ2
* »
LT LT T
68 HC HYDROGRAPH COMBINATION
1COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE
ik
ik sk ke ke Rk
HYDROGRAPH AT STATION SUMD2
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+ (CFs) (HR)
(CFS)
+ 320. 1.58 82. 82. 82. 82.
CINCHES) 1.393 1.393 1.393 1.393
(AC-FT) 20. 20. 20. 20.
CUMULATIVE AREA = .27 SQ MI

dkkd kkk khk dekk Ahkk Wokk dkk Wdd Adkd ddek wkw whd dekd wdl kel bk Wkl el bkl dedbdr el ek sk deadrd dedrdk dedrd dhdedr dbdkdr e Aok dededr kR ddd

Ve de dr de dede e e e e s e e
* *

69 KK * RCHD3 *
*

*
dedededededededededededede e

HYDROGRAPH ROUTING DATA

70 RK

L 850.

S .0050

N .016

CA .00
SHAPE TRAP
wo 10.00

Z .50
NDXMIN 2

ROUTE HYDROGRAPH SUMD2 THRU REACH D3; GUNITE CHANNEL

KINEMATIC WAVE STREAM ROUTING

CHANNEL LENGTH

SLOPE

CHANNEL ROUGHNESS COEFFICIENT
CONTRIBUTING AREA

CHANNEL SHAPE

BOTTOM WIDTH OR DIAMETER

SIDE SLOPE

MINIMUM NUMBER OF DX INTERVALS

£ 2]

COMPUTED KINEMATIC PARAMETERS

ELEMENT ALPHA

MAIN 1.75

VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

M DT DX PEAK TIME TO VOLUME MAXTMUM
' PEAK CELERITY
(HIN) (FT) (CFS) (MIN) (IN) (FPS)
1.49 .35 283.33 319.62 95.67 1.39 14.67

CONTINUITY SUMMARY (AC-FT) - INFLOW= .1969E+02 EXCESS= .0000E+00 OUTFLOW= .1964E+02 BASIN STORAGE= .6719E-01 PERCENT ERROR=

MAIN 1.75

*iek ek *kd

NYDROGRAPH AT STATION

PEAK FLOW TIME
6-HR
+ (CFS) (HR)
(CFS)
+ 317. 1.58 82.
(INCHES) 1.390
(AC-FT) 20.

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

1.49 5.00 316.63 95.00 1.39
*hw wkd
RCHD3
MAXIMUM AVERAGE FLOW

24-HR 72-HR 2.92-HR
a2. az. 82.

1.390 1.390 1.390
20. 20. 20.

-.1



CUMULATIVE AREA = .27 SQ Ml

dekde dkdde dedkde Rk deded dekde deddk dedkdr dedkdk dededr dedrde kddk Wkt drdkd ddkd dkdrk bl e ko sk dedkdk dedkd dedkdk b ok ke dedrd ek dedrde dedkdk ek kb Wk

e v e v e e e e e o e e e o
* *

71 KK * susD3 * RUNOFF HYDROGRAPH FROM AREA SUBD3
* *

e de e de e e de e de e do e dode

SUBBASIN RUNOFF DATA

72 BA SUBBASIN CHARACTERISTICS
TAREA .08 SUBBASIN AREA

PRECIPITATION DATA

1P STORM 2.77 BASIN TOTAL PRECIPITATION
12 P1 INCREMENTAL PRECIPITATION PATTERN
.01 01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 27 14 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
73 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 4.34 WETTING FRONT SUCTION
XKSAT .26 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
74 UC CLARK UNITGRAPH
TC .53 TIME OF CONCENTRATION
R .50 STORAGE COEFFICIENT
75 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

wlrdr

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .53 KR, R= .50 HR
SNYDER TP= .49 KR, cP= .67

UNIT KYDROGRAPH
36 END-OF-PERIOD ORDINATES

2. 6. 1. 30. 59. 72. 67. 58. 49. 42.
35. 30. 25. at. 18. 15. 13. 1. 9. 8.
7. 6. 5. 4. 3. 3. 2. 2. 2. 2.
1. 1. 1. 1. 1. 1.
ek sl hh *hkk sk

HYDROGRAPH AT STATION susD3

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-KR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 93. 1.58 5. 25. 25. 5.
CINCHES) 1.376 1.376 1.376 1.376
(AC-FT) 6. é. 6. 6.

CUMULATIVE AREA = .08 sa MI

dedde dedkd Akk kW dedkdk Rddr kil ik kdlr kkw il dddr Rkl ddrd kbl kel dlrd dekd el ke ke drked ek el e Rkl kel ik ke died el ek ke

dededededededrdededede ke o




* w

77 XK * SUMD3 * COMBINE HYDROGRAPHS RCHD3 AND SuBD3
:t*tii***i***:
78 HC HYDROGRAPH COMBINATION
1COMP 2 NUMBER OF HYDROGRAPHS TQO COMBINE
ke
*hk Hdek ke *kk ke

HYDROGRAPH AT STATION 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.
CINCHES) 1.387 1.387 1.387 1.387
(AC-FT) 26. 26. 26. 26.

CUMULATIVE AREA = .35 sa Ml

ddkde dedede dkdedk ke dedede drdrdk Rdd kkd Rdkdr dokk ddkd dkd dkdkdk deded Wk dedede ddedr dedkdl Rk ke ARl Rk kkk Rk Wk Ak kR AR kRl ek kdkd bk dekd

oo e e de v e e e o e e e de e

* *
79 KK * susD4 ¥ RUNOFF HYDROGRAPH FROM AREA SUBD4
* »

Wedrdedrdrdede ke d ok ke ok

SUBBASIN RUNOFF DATA

80 BA SUBBASIN CHARACTERISTICS
TAREA .09 SUBBASIN AREA

PRECIPITATION DATA

11 PB STORM 2.77 BASIN TOTAL PRECIPITATION
12 P1 INCREMENTAL PRECIPITATION PATTERN
.01 -0 .01 .01 .00 01 .03 .03 .04 .04
.06 .09 .27 .14 12 .04 .03 .02 .01 01
.01 .00 .01 .01
81 L6 GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 4.34 WETTING FRONT SUCTION
XKSAT .26 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
82 uc CLARK UNITGRAPH
TC .51 TIME OF CONCENTRATION
R .46 STORAGE COEFFICIENT
83 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

*hd

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .51 HR, R= .46 HR
SNYDER TP= .46 HR, Cp= .69

UNIT 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.

ek ik ik deddk wekd



HYDROGRAPK AT STATION SUBD4

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 2.92-HR
+  (CFS) (HR)
(CFS)
+ 109. 1.58 28. 28. 28. 28.
(INCHES) 1.398 1.398 1.398 1.398
(AC-FT) 7. 7. 7. 7.
CUMULATIVE AREA = .09 sa MI

dkk Rk dkd kkk Wkw Adkd Wk Akl Wk dkkdk Rkl Wkl wkd hdd kddk Akd kel ddkd ok dkd dekd kdkdr kkdk ek AkR RAR Rkd kR R Rdkd kkdk Akd vk hkw

whkhkkkhkkkhiikkh
* *

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

dededpde dode de v e A de e de ot

HYDROGRAPH ROUTING DATA

86 RK KINEMATIC WAVE STREAM ROUTING
L 50. CHANNEL LENGTH
S .0050 SLOPE
N .016 CHANNEL ROUGHNESS COEFFICIENT
CA .00 CONTRIBUTING AREA
PE TRAP CHANNEL SHAPE
W 10.00 BOTTOM WIDTH OR DIAMETER
r4 .50 SIDE SLOPE
NDXMIN 2 MINIMUM NUMBER OF DX INTERVALS

ke

COMPUTED KINEMATIC PARAMETERS
VARIABLE TIME STEP
(DT SHOWN IS A MINIMUM)

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

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

MAIN 1.75 1.49 .56 283.33 108.66 96.17 1.39 10.28

CONTINUITY SUMMARY (AC-FT) - INFLOW= .6634E+01 EXCESS= .C0Q0E+00 OUTFLOW= .6607E+Q01 BASIN STORAGE= .3084E-01 PERCENT ERROR=

INTERPOLATED TO SPECIFIED COMPUTATION INTERVAL

MAIN 1.75 1.49 5.00 108.08 95.00 1.39

ik whk® i ikl ek

HYDROGRAPH AT STATION RCHD4

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24~HR 72-HR 2.92-HR
+ (CFS) (HR)
(CFS)
+ 108. 1.58 a7. ar. 27. 27.
(INCHES) 1.393 1.393 1.393 1.393
(AC-FT) 7. 7. 7. 7.

CUMULATIVE AREA = .09 sa MI

dedkde dededk dekdk sedrdr skl drdnk el drdede ke dedkdr b dedear ekl Wkl rdnl dded dedelr dededr bl el kel R ek Rl Rkl kR Rk ko dkde ddkd dkdrk Wk kRd

whRhRARRERNANE
* *

.
o
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87 KK

88 HC

*kR

* SUMD4  *
* *

kkdkhkhkhhkhkid

COMBINE HYDROGRAPHS RCHD4 AND SUMD3

HYDROGRAPH COMBINATION

1COMP

*kw

HYDROGRAPH AT STATION

PEAK FLOW TIME

(CFS)
517.

(HR)
(CFS)

1.58
CINCHES)
(AC-FT)

2 NUMBER OF HYDROGRAPHS TO COMBINE

kR

6-HR

134.
1.388

32.

CUMULATIVE AREA =

OPERATION STATION

HYDROGRAPH AT

susC1t
ROUTED TO

RCHC2
HYDROGRAPH AT

suBC2
2 COMBINED AT

SUMC2
ROUTED TO

RCHC3
HYDROGRAPH AT

SUBC3
2 COMBINED AT

SUMC3
ROUTED TO

RCHC4
HYDROGRAPH AT

suBc4
2 COMBINED AT

SUMC4
ROUTED TO

RCHD1
HYDROGRAPH AT

suBsD1
2 COMBINED AT

SUMD1
ROUTED TO

RCHD2
HYDROGRAPH AT

suBd2

2 COMBINED AT
SUMD2

PEAK
FLOW

36.

36.

30.

87.

151.

148.

220.

219.

41,

258.

255.

65.

320.

Tk

kR

SUMD4

MAXIMUM AVERAGE FLOW

24-HR

134.
1.388
32.

.44 SQ MI

FLOW IN CUBIC FEET PER SECOND

TIME IN HOURS, AREA IN SQUARE MILES

TIME OF
PEAK

1.50

1.58

1.58

1.58

1.58

1.58

1.58

1.58

1.58

1.58

1.58

1.50

1.58

.1.58

1.58

1.58

72-HR

134.
1.388
32.

RUNOFF

AVERAGE

6-HOUR

9.

17.

17.

20.

37.

37.

18.

55.

55.

10.

65.

65.

17.

82.

*kk

2.92-HR

134.
1.388
32.

SUMMARY

FLOW FOR MAXIMUM PERIOD

24-HOUR

9.

17.

17.

20.

37.

37.

18.

55.

55.

10.

65.

65.

17.

82.

72-HOUR

9.

17.

17.

20.

37.

37.

18.

55.

55.

10.

65.

65.

17.

82.

BASIN
AREA

.03

.06

12

.06

.18

MAXIMUM
STAGE

TIME OF
MAX STAGE



—_

ROUTED TO

HYDROGRAPH AT

2

COMBINED AT

HYDROGRAPH AT

ROUTED TO

2

CONTINUITY

CONTINUITY

CONTINUITY

CONTINUITY

CONTINUITY

CONTINUITY

CONTINUITY

wk* NORMAL

COMBINED AT

ISTAQ ELEMENT

RCHC2 MANE

SUMMARY (AC-FT)

RCHC3 MANE

SUMMARY (AC-FT)

RCHC4 MANE

SUMMARY (AC-FT)

RCHD1 MANE

SUMMARY (AC-FT)

RCHD2 MANE

SUMMARY (AC-FT)

RCHD3 MANE

SUMMARY (AC-FT)

RCHD4 MANE

SUMMARY (AC-FT)

END OF HEC-1 #¥*

RCHD3 317. 1.58 82. 82. 82. .27
SUBD3 93. 1.58 25. 25. 25. .08
SUMD3 409. 1.58 106. 106. 106. .35
SUBD4 109. 1.58 28. 28. 28. .09
RCHD4 108. 1.58 27. 27. 27. .09
SUMD4 517. 1.58 134. 134. 134. b

SUMMARY OF KINEMATIC WAVE - MUSKINGUM-CUNGE ROUTING
(FLOW IS DIRECT RUNOFF WITHOUT BASE FLOW)
INTERPOLATED TO
COMPUTATION INTERVAL

DT PEAK TIME TO VOLUME T PEAK TIME TO
PEAK PEAK

(MIN) (CFS) (MIN) (m (MIN) (CFS) (MIN)

1.15 35.78 92.76 1.41 5.00 35.77 95.00

INFLOW= .2117E+01 EXCESS= .COQQE+00 OUTFLOW= .2099E+01 BASIN STORAGE=

1.13 65.71 97.29 1.37 5.00 64.04 95.00

INFLOW= .4064E+01 EXCESS= .0000E+00 OUTFLOW= .4029E+01 BASIN STORAGE=

79 150.17 96.55 1.39 5.00 148.12 95.00

INFLOW= .8889E+01 EXCESS= .0000E+00 OUTFLOW= .8838E+01 BASIN STORAGE=

.30 220.05 95.51 1.39 5.00 218.66 95.00

INFLOW= .1319E+02 EXCESS= .0000E+00 OUTFLOW= .1316E+02 BASIN STORAGE=

49 256.63 95.76 1.39 5.00 254.78 95.00

INFLOW= .1565E+02 EXCESS= .0000E+00 QUTFLOW= .1559E+02 BASIN STORAGE=

.35 319.62 95.67 1.39 5.00 316.63 95.00

INFLOW= [ 1969E+02 EXCESS= .0000E+00 OUTFLOW= .1964E+02 BASIN STORAGE=

.56 108.66 96.17 1.39 5.00 108.08 95.00

INFLOW= .6634E+01 EXCESS= .0000E+00 OUTFLOW= .6607E+01 BASIN STORAGE=

VOLUME

QL))
1.40

.2070E-01 PERCENT ERROR=
1.37

.4724E-01 PERCENT ERROR=
1.39

.6064E-01 PERCENT ERROR=
1.40

.34535-01 PERCENT ERROR=
1.39

.5920E-01 PERCENT ERROR=
1.39

.6719E-01 PERCENT ERROR=
1.39

.3084E-01 PERCENT ERROR=

-1

)
«
w



APPENDIX B
HYDRAULICS
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Gunite Channel

Earth Channel

Bottom Top Avg.’ Froude #
Depth Q2 Flow Avg. Flow Width Width Vel.
Reach Length Slope D Q100 Depth Vel. Froude # Depth b ™
RCH C2 1430 Ft. 0.30% 3.0-5.0 Ft. 13 CFS 0.5 Ft. 31 Ft/Sec. 0.76 0.8 5 Ft. 23-35 Ft. 2.3 Ft.Sec. 0.52
36 CFS 1.0 Ft. 4.4 Ft/Sec. 0.81 1.3 5 Ft. 23-35Ft. 3.0 Ft./Sec. 0.55
RCH C3 1570 Ft. 0.30% 5.0 Ft. 24 CFS 0.7 Ft. 3.6 Ft./Sec. 0.79 11 5 Ft. 35 Ft. 2.7 Ft./Sec. 0.54
66 CFS 1.2 Ft. 5.1 Ft/Sec. 0.84 1.8 5Ft. 35 Ft. 3.6 Ft./Sec. 0.58
RCH C4 1380 Ft. 0.30% 4.0-9.0 Ft. 54 CFS 1.1 Ft. 4 8Ft/Sec. 0.83 1.6 5 Ft. 29-59 Ft. 3.4 Ft./Sec. 0.57
151 CFS 2.0 Ft. 6.8 Ft/Sec. 0.88 2.7 5 Ft. 29-59Ft. 4.4Ft. 0.61
RCH D1 620 Ft. 0.40% 4.0-5.0 Ft. 79 CFS 1.2 Ft. 6.0 Ft./Sec. 0.98 1.8 5 Ft. 29-35 Ft. 4.1 Ft. 0.67
220 CFS 2.3 Ft. 8.4 Ft/Sec. 1.02 2.9 5 Ft. 29-35 Ft. 5.4 Ft. 0.71
RCH D2 930 Ft. 0.40% 5.5 Ft. 93 CFS 14Tt 6.3 Ft/Sec. 0.98 1.6 10 Ft. 43 Ft. 41 Ft. 0.67
258 CFS 2.6 Ft. 8.9 Ft./Sec. 1.02 2.6 10 Ft. 43 Ft. 5.5 Ft. 0.72
RCHD3 850 Ft. 0.45% 5.5-6.0 Ft. 115 CFS 1.5 Ft. 7.1 Ft./Sec. 1.05 1.7 10 Ft. 4346 Ft. 4.6 Ft. 0.72
320 CFS 2.9 Ft. 9.9 Ft./Sec. 1.09 2.8 10 Ft. 43-46Ft. 6.1 Ft. 0.77
RCH D4 850 Ft. 0.30% 4.0-5.0 Ft. 39 CFS 0.9 Ft. 4.3 Ft./Sec. 0.82 14 5 I‘it 29-35Ft. 3.1 Ft. 0.56
109 CFS 1.7 Ft. 6.1 Ft./Sec. 0.86 23 5Ft. 29-35Ft. 41Ft 0.59
Notes: All hydraulic data based on Manning normal depth.

Q, is estimated based on P,/P, ; xQ,0-

AT Z7/Z
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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 235CFS 13189 2-6'x6’ CBC 118 CFS 4.0
1158+60 54 240 1318.0 2-8'x6’ CBC 120 3.4
1169+80 31 120 1322.2 4-36" RCP 30 2.9
1179+50 11 28 1320.7 1-36" RCP 28 2.9
1187+70 11 28 1320.2 1-36" RCP 28 2.9
1201+50 9 25 1321.8 1-36" RCP 25 2.6
1214+80 17 54 1315.4 2-36" RCP 27 T 2.8
1226+50 11 28 1316.0 1-36" RCP 28 2.9
C1 1235+50 17 54 1312.6 2-36" RCP 27 2.8
Cc2 1249+80 16 48 1311.8 2-36" RCP 24 2.6
C3 1265+50 38 160 1307.2 6-36" RCP 27 2.8
C4 1279+30 34 140 1301.8 5-36" RCP 28 2.9
D1 1285+25 20 71 1299.2 3-36" RCP 24 2.6
D2 1294+55 34 140 1296.7 5-36" RCP 28 2.9
Sta 1301+07.57 BK = Sta 1292 + 84.34 AHD
D3 1294+75 51 225 1293.2 8-36" RCP 28 2.9
D4 1303+90 56 AC 250CFS 1291.5 9-36" RCP 28 CFS 2.9

* Q50 based on area discharge curve from Cella Barr Hydrologic Investigation Report dated 7/14/87.
** Head at culvert inlet based on HEC-5 Charts 1 and 2 assuming inlet control and entrance type (2).



PROVECT : ESTRELLA  EREEAT

TK23ecT EAN~ ooo~-D~22)

STATION 1279+ 3> CULVERT DESIGN FORM
DESIGNER/DATE: __ &%, s S-1-921
SHEET OF
REVIEWER / DATE : INIRTEN /q"gm

HYDROLOGICAL DATA

?
ELM:M(H)

ROADWAY ELEVATION : {11)

o O metnoo CELLA BARR AGEA— DL il
g
-4
“ [ orainace area SXAL O stReamsiore -
é’ O cHANNEL SHAPE:
w
% O routine: [J omher: __r
DESIGN _FLOWS/TAILWATER €0 222 _m
R.1. (YEARS) FLOW (efs) T™W () N = o, S~ s,- FALL/L as.<
FMMING - - e ° B2 2(h)
5018 40 = f\{?‘bm‘ -~ Elaq se 201 o
> e B .ot L 222
1 oL R
. ToTAL | FLOW HEADWATER CALCULATIONS xz

CULVERT DESCRIPTION: i M I
MATERIAL - SHAPE - SIZE - ENTRANCE rwmﬂ. INLET _CONTROL OUTLET CONTROL gis|ks COMMENTS

R Q/N [Huwi/o | uw, [FALL |ELni | TW | g [de2D} By | & H JELy, |B324]|52

cts) | (2) 8) {4) () 2 (s) ) (8) OXw|Oo>

- ~— p- ) .
5-326" ReP ol zsloaslzal e oV Se 24|24l o8] B oz Al a0

TECHNICAL FOOTNOTES:

(1) USE Q/NB FOR BOX CULVERTS
(2) HW; /D *» HW /D OR HW,/D FROM DESIGN CHARTS

{3) FALL = HW{ = (EL pg- ELyy) ; FALL IS 2ERO
‘ FOR CLVERTS ON GRADE

{4) ELy;* HW;s EL;{INVERT OF
INLET CONTROL SECTION)

(3) TwW BASED ON DOWN STREAM
CONTROL OR FLOW DEPTHIN
CHANNEL.

) hg » TW or (dc+D/2){ WHICHEVER IS GREATER) -
m H-E. kgt (2902 0) /nl”]vzlzo \/:%‘\ = 2«%{14} +77

(8) ELp o ELgeH e by 2

\//10}

- 1/;'?/1}‘

SUBSCRIPT DEFINITIONS : COMMENTS / DISCUSSION : CULVERT BARREL SELECTED :
:'33:52:'7"555 —ITW A e ZoacBREIT  LEPTH o 2 AT SIZE:
Wi HEADWATER IN INLET CONTROL IN BECE ) cniA AL SHAPE:
ho' HEAGWATER I OuTL T CONTRGL —IpPUTLET VEL Alsuinss 00RmAL el — 4
.. g#&'ﬂaso AT CULVERT FACE —ip> HTO@/\'M L"Z ;/'V\IV.J'(‘L'Y(“(" »/\(':,‘fl”\”d{‘ . 33" LA MATERIAL - "
tw, TAILWATER IPE 2T o = T ) A Al 8 ENTRANCE: -
SAEETY FEALTDE. TO AdLouaIT & o
PESBLIE DEDIMEANT AND D& il .

— I o0 il

VEDTIE

e

ANZC Lz

Q) S aTLE C
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APPENDIX C
ESTRELLA FREEWAY PLAN AND PROFILE
SUN CITY WEST EXPANSION NORTH CHANNEL
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ESTRELLA FREEWAY

TYPICAL SECTION AND DESIGN CRITERIA

/Esirella Freeway

MAXIMUM GRADIENT:

MEDIAN SHOLDER)
3% MANLINE

4% CROSSROADS
5% RAMPS

¢ Control
. Varies ;, Varies Y
59' Typical Roodway Section 59'
Varies Vries 1 2-12' g 27’ 27 , 8 2-12' 10 Varies
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g : o4 g o 3
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' T OF : ;
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MEDIAN WIDTH: 70 FEET (INCLUDING 23-0" OVER A.T.&S.F RR.
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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 establish peak discharge values that will
be used as a basis for preliminary design assessments. The Estrella
Freeway, formerly the Cotton Lane/Northwest Loop Freeway, will proceed
north along {or parallel to) Cotton Lane from State Route 85 to Grand
Avenue and then bend northeasterly extending through mountain and foothill
slopes to eventually intersect with I-17 near the Central Arizona Project
Canal. In the construction schedule of all 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
Cella Barr Associates, in association with Kimley-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
established and preserve the right-of-way required for future freeway
construction. The right-of-way requirements will be based, in part, on
the Tocation and preliminary sizing of drainage channels, detention/
retention basins, flood control structures, and additional areas needed
for backwater ponding 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 implementation
of final design in the future. This hydrologic investigation has utilized
reasonable assumptions and levels of conservatism in the establishment 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 I-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 I-10 and allows flow to cross it. The Trilby Wash and SCS
White Tanks detention basins are assumed to be effective flood control
structures which define Timitations 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
utilized 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 3A). These boundaries were
determined from recent aerial photographs taken of the region, U.S.G.S.
quad sheets and limited field investigation, as appropriate.

Concentration points are located along each of the proposed alignments
extending throughout the entire corridor based on the watershed boundary
jnformation 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 established) within the Corridor, all of which are in
the Agua Fria and Northwest Loop area.

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

3
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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).

A flood control channel was built by the U.S. Army Corps of
Engineers on Skunk Creek at I-17 with the capacity to contain in
excess of the 100-year discharge (Concentration Point 280),
(Reference 5). Two overchutes on the Central Arizona 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.

The outlet structure of the McMicken Dam has a capacity of 4,400
cfs (Concentration Point 284), (Reference 3 and 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 will 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. A1l other
drainage structures are proposed to be designed-on a 50-year storm event.
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Discharge Computations:

The remainder of the coggentration points within the Corridor, for which
established discharges to not exist, were evaluated using a general
procedure discussed in a meeting with Mr. Ray Jordan and Mr. Art May from
the Arizona Department of Transportation (ADOT) held on May 28, 1987. The
procedures outlined in the U.S. Department of Agriculture, Soil
Conservation Service Technical Release No. 55, entitled, Urban Hydrology
for Small Watersheds (TR-55) were implemented to determine the 50-year
peak discharges for a sample set of watersheds (Reference 7). Rainfall
data used in the TR-55 computations were obtained from the Arizona Highway
Department pub]ication'entit1ed, Hydrologic Design for Highway Drainage in
Arizona (Reference 1). Eight sample watersheds were evaluated, four of
which were located within the Cotton Lane area and four within the Agua
Fria and Northwest Loop area.

In the Cotton Lane section, the watersheds ranged in size from 320 acres
to 2,88 acres, and produced 50-year discharges ranging from 259 cfs to
779 cfs. In the Agua Fria and Northwest Loop area, the watersheds ranged
in size from 13 acres to 2,099 acres, and produced 50-year discharges of
28 cfs to 2,461 cfs. The Agua Fria and Northwest Loop area has a tendency
to produce higher discharge rates per acre than the Cotton Lane section.
Representative TR-55 work sheets are contained in Appendix A.

The resultant discharges derived from the TR-55 computations were plotted

" on log-log paper (2 x 2 cycles for the Cotton Lane section and 3 x 3

cycles for the Northwest Loop area), and a curve of best fit was drawn for
each group of four values. A second curve was then drawn at 20% above the
actual computed values to apply a reasonable factor of safety (Figure 6).
The 20% conservative upper curve for the 2 characteristic areas was then
used to compute discharges at all of the respective concentration points
(excluding those having adopted discharge values), based on the area of
their contributing watersheds (Appendix C). This generalized method of
obtaining discharges was deemed acceptable by ADOT based on the fact that
present hydrologic conditions and accepted methodologies will change prior
to the implementation of final design in the future.

5



A more detailed study will be conducted in the future during the final
design phase of the Estrella Freeway.

Drainage Structures:

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
Highway Culverts (HEC-5) publication (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, Drainage and Channel Design Standards for
Local Drainage, Section VI will be used (Reference 2). The times to peak
for this method will be obtained from Hydrologic Design for Highway
Drainage, (Reference 1).




CONCLUSIONS

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.

Established discharges have been adopted for major washes and
watercourses when available, as appropriate.

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
simplified procedure.

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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CONTRIB.
J AREA Q50
~ CONC. PT. ACRES (CFS)
J 62 134 545
63 70 315
_ ] 64 96 415
65 83 370
j 66 19 415
67 70 315
] 68 64 285
' 69 51 222
j 70 45 189
71 19 62
72 6 10
] 73 77 340
74 32 130
| 75 26 96
76 26 96
77 19 62
N 78 38 1158
79 19 62
= 80 13 39
81 32 130
. 82 13 39
83 6 10
B 84 51 222
85 13 39
J 86 6 10
87 179 , 670
J 88 51 222
89 13 39
90 6 10
J 91 83 365
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CONTRIB.
AREA Q50
CONC. PT. ACRES (CFS)
92 38 158
93 6 10
94 70 315
95 38 158
96 13 39
97 38 158
98 19 62
99 6 10
100 45 189
101 19 62
102 6 10
103 45 189
104 26 96
105 6 10
106 70 315
107 26 96
108 6 10
109 - 109 460
110 19 62
111 19 62
112 10
113 10
114 58 257
115 19 62
116 3 10
117 45 189
118 19 62
119 3 10
120 90 390
121 19 62



CONTRIB.
AREA Q50
CONC. PT. ACRES (CFS)
122 3 10
123 154 600
124 26 96
125 6 10
126 58 257
127 45 189
128 6 10
129 122 503
130 32 130
131 3 10
132 70 315
133 26 96
134 6 10
135 147 585
136 109 460
137 13 39
138 90 390
139 10
140 10
141 10
142 10
143 13 39
144 51 222
145 13 39
146 McMicken Outlet 17,860
147 102 440
148 McMicken Outlet 17,630
149 19 62
150 6 10
151 McMicken Outlet 16,300
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Tim Wilson, ADOT FROM Iim Nel:nr%

TO

Technical Memorandum - Estrella Freeway Drainage; Northwest Loop

SUBJECT

General

The Northwest Loop section of the proposed Estrella Freeway extends from Grand
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.

Proposed Drainage Desi oncept

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 Area/Discharge curves contained in the report

entitled "Estrella Freeway Hydrologic Investigation Report" prepared by CBA in July,

Offices in Arzona and Calfomia
RwhaMm;-Hmmhg-&nwWw-tamrameAmHmaua-mewa
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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 OQutlet 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 Agua 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 resuit
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 Confluence" 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 Qutlet Channel 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 cfs 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 occurring
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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 $ 1,298,333
Agua Fria River 4,273,333
New River Dam Outlet Channel 254,445
CAP Canal 983,333
All other crossings 7,783,592
TOTAL $14,593,036

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

Summa;:y

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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FLoop CoNTrROL DISTRICT

of

Maricopa Count
P y BOARD OF DIRECTORS

2801 West Durango Street e Phoenix, Arizona 85009
P. Ben Arredondo
Telephone (602) 506-1501 Betsey Bayless
Fax (602) 506-4601 James D. Bruner
TDD (602) 506-5897 Carole Carpenter

) ) Tom Freestone
D. E. Saﬁramoso, P.E., Chief Engineer and General Manager

AUG 9 g 1992
MEMO TO: Dennis Zwagerman, Planning and Development Director

ATTN: Debra W. Stark, Planner III
FROM: Edvard A. Raleigh, Chief, Engineering Division
SUBJECT: 2 92-36 (Sun City Vest Expansion Phase I-TAC)

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 change of zoning.

Prior to Preliminary Plat approval, a drainage report must be submitted for
review and approval. This report must address the offsite hydrology, onsite
hydrology and manner in which the proposed subdivision will maintain the
continuity of local drainage.

Drainage improvements are considered to be a part of the required
infrastructure for this development. These features must be fully operational
prior to the issuance of a drainage clearance for individual lots and issuance
of the final drainage clearance

If you have any questions, please contact Felicia Terry at 506-1501.

Edward A. Raleigh, P.E.

Steven L. Tu
Stormwater Drainage Branch Manager

7

EAR/SLT/FT/lab

Copy to: Gerald Toscano, MCDOT
Tim Goodrich, Del Webb Home Construction, Inc.
~8tanley Consultants, Inc.



FLoop CoNTROL DISTRICT
of

Maricopa Count
P y BOARD OF DIRECTORS

2801 West Durango Street  Phoenix, Arizona 85009 P. Ben Arredondo
Telephone (602) 506-1501 Betsey Bayless

Fax (602) 506-4601 James D. Bruner

TDD (602) 506-5897 Carole Carpenter

Tom Freestone
D. E. Sagramoso, P.E., Chief Engineer and General Manager

APR 09 1992

MEMO TO: Dennis 2Zwagerman, Planning and Development Director
ATTN: Jill Herberg-Rusy, Principal Planner

FROM: Edward A. Raleigh, 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.
/Z:‘&’V \//CZ»G‘ZM/
Steven L. Tucker, P.E.
Stormwater Drainage Branch Manager
EAR/SLT/FT/rmc
Copy to: cCounty Highway Department

Del Webb Home Construction, Inc.
~Stanley consultants, Inc.
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HYDROLOGIC ASSUMPTIONS 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 functions, 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, offsite 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 future 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 from TR-20.

17



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 from 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 from 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-frequency 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 offsite 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 (eﬁuation
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3.2/5.5 of the Hydrology Manual) to estimate floodwave travel time as a function of watershed
length, resistance, slope and rainfall intensity. This equation is:

Te = 11.4L, %5 Kp 9-52 g -0-31; -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 3.1/5.1 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.

FFICIENT P. TE

m b
Residential, Commercial, Rec. Center  -0.00625 0.04
Existing Desert -0.016 0.10
Golf Course/Open Space - -0.025 0.15
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Watershed storage coefficient, R, is a function of time of concentration, area and length based
on equation 5.6 of the Hydrology Manual. This equation is:
R =0.37 Te 1! A "0-57 1,0-80

Test runs indicate that Tc and R are particularly sensitive to selection of m and b parameters
used in estimating Kb. Te¢ and R for Clark Unitgraph are calculated using the MCUHP1
program dated revised December 16, 1991. MCUHP1 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 file through MCUHP1. Rational Method Tc is calculated by

hand.

The time-area relationship for urban watersheds from Table 5.2 of the Hydrology Manual was
used for all onsite developed sub-basins. All offsite sub-basins and the existing condition onsite
area use the natural watershed time-area relationship from Table 5.2. The HEC-1

computation time interval was chosen at 5 minutes.

Green Ampt rainfall loss rates for all offsite 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 classified in 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.
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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 (éame as existing condition) except in the golf course/open space area

where half is assumed to have 100 percent cover and the other half is assumed at 25 percent.
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In addition to the connected ilmpervious 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-connected impervious 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 frequency factor 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-1 for this report is performed using kinematic wave and modified
Puls options. Kinematic wave routing applies only to concrete lined trapezoidal channels and
roadways. Modified Puls routing applies to both channel and detention basin routing in the
golf/open 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

RAINFALL LOSSES FOR ONSITE AREAS

(Rainfall Excess Based on 100-Year, 2-Hour Storm of 2.77 Inches)

CLARK UNITGRAPH LOSS RATES
Initial
Loss PSIF
Land Use (Inches) DTHETA (Inches)
Single Family Residential & Casita 0.15 0.35 5.05
Golf/Open Space 0.35 0.30 5.05
Commercial & Recreation Center 0.10 .0.35 5.05
Exist. Onsite Desert 0.35 0.35 5.05
TIONAL METHQOD FF COEFFICIE
Base Runoff Frequency
Land Use Coefficient C Factor
Single Family Residential & Casita 0.50 _ 1.25
Golf/Open Space 0.28* 1.25
Commercial & Recreation Center 0.70 1.25

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

XKSAT RTIMP
(In/Hr) (Percent)
0.23 25
0.23 1
0.30 80
0.23 1
Adjusted Runoff
Coefficient C
0.63
0.35
0.88

Rainfall
Excess
(Inches)
1.87
1.39
2.53

1.46

Rainfall
Excess

(Inches)
1.75

0.97
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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 feet/second divided by

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

Detention basin volumes are estimated by HEC-1 on the basis of elevatibn-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 from 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. Model 11389A1 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 offsite areas. Model 11389B takes the onsite sub-
basinin 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 from 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. Offsite 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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GRIEN AND AMPT RAINFALL LOSS PARAMETERS BY SCS SOIL TYPE
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SHEET 2 OF 2

1.298 SQ.MI.

ARE WEIGHTED BY AREA OF INDIVIDUAL SOIL TYPES WITHIN EACH SUB-BASIN.

GREEN AND AMPT RAINFALL LOSS PARAMETERS FOR EXISTING DESERT
NOTE:

GREEN AND AMPT RAINFALL LOSS PARAMETERS FOR ONSITE DEVELOPED AREAS ARE

BASED ON EXISTING CONDITION ONSITE AREA WEIGHTED VALUES FROM SUB-BASIN "E".



1**********t******************************

*

FLOOD HYDROGRAPH PACKAGE
SEPTEMBER 1990
VERSION 4.0

*
»
*
*
*

HRETRANRAARRREEETRNEARTERERAR SRR T R hdddr

(HEC-1)

RUN DATE 07/16/1992 TIME 20:09:43

* % % % % % %
* % % % % % %

X XXXXXXX  XXXXX

X X

X X
XXXXXX  XXXX

X X

X X

X XXXXXXX  XXXXX XXX

XXXXX

X XX X X X X
KX X X X
2 X X X X X X

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HEC1 (JAN 73), HEC1GS, HEC1DB, AND HEC1KW.

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUCTURE.
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 28 SEP 81. THIS IS THE FORTRAN77 VERSION

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY,
DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRAT
KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM

*DIAGRAM

LINE I0....
1 1D
2 10
3 ID
4 10
5 10
6 D
7 1D
8 ID
9 ID

10 10
1" 10
12 10
13 1D
14 1D
15 ID
16 1D
17 1D
18 1D
19 1D
20 ID
21 10
22 ID
23 1D
24 1D
25 ID
26 ID
27 1D
28 1D
29 1D
30 IT
31 10
32 KK
33 BA
34 IN
35 PB
36 PC
37 PC
38 PC
39 LG

&~
o

uc

HEC-1 INPUT

D - K O - T [ PR CTTTIRNS . R

SUN CITY WEST EXPANSION MASTER DRAINAGE
STANLEY CONSULTANTS JOB # 11389 DATE: 16 JUL 92
HEC-1 MODEL 11389A2 (EXISTING CONDITION; MULTI SUB-BASIN)

CLARK UNIT HYDROGRAPH

2-HR STORM DISTRIBUTION (TABLE 2.2) P100 = 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 25 PERCENT.
IA ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED
TO BE 1 PERCENT.

Kb BASED ON m = -0.016 and b = 0.10

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R
BASED ON RESULTS FROM MCUHP1 (REVISED 12-16-91)

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

OFFSITE FLOWS ARE ROUTED THROUGH HYPOTHETICAL ONSITE CHANNELS
USING MODIFIED PULS ROUTING. CHANNELS REFLECT EXISTING
CROSS-SECTIONS AND EXISTING ROUGHNESS.

.188

5 150
3

suBB1 RUNOFF HYDROGRAPH FROM SUB-BASIN B1
5

2.770
.000 .01 .018 .023 .028 .032 .046 0N .100
176 .232 327 .601 743 .863 .901 .930 954
.970 979 .982 .992  1.000
.350 .350 5.09 .28 1
.508 .288

10N

137
.962

PAGE

U.S. ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616
(916) 756-1104

1

HREERETEKRFEER AR ARRRERRRRARIARSN KRN TN

% % N % ¥ »

HRAHAXRAXTRREERTERRR TR AR ERRE A ARA Nk x



LINE

48
49
50
51
52
53

54
55
56
57
58
59

60
61

62
63

65
66

67
68
69
70
71
72

74
76

78
79
80
81
82
83

85

87

89
90

LINE

91
92
93
9%
95
96

97
98
99

UA
UA

KK

RC
RX
RY

1D

KK
BA
LG
uc
UA
UA

0 3 5 8 12 20 43 75 90 96
100
RCHAB ROUTE HYDROGRAPH SUBB1 THRU REACH AB; HYPOTHETICAL CHANNEL
2 FLOW -1
.050 .035 .050 2800 .005
500 500 513 525 530 542 550 550
100 100 97 95 95 97 100 100
HEC-1 INPUT
P PO B P T I I - I I I T 8....... 9......10
SUBA RUNOFF HYDROGRAPH FROM SUB-BASIN A
.867
.35 .35 6.15 .21 1
.996 .557
0 3 5 8 12 20 43 75 90 96
100
susBs2 RUNOFF HYDROGRAPH FROM SUB-BASIN B2
.161
.35 .35 5.09 .28 1
717 724
0 3 5 8 12 20 43 75 90 96
100
SUMAB COMBINE HYDROGRAPH FROM RCHAB, SUBA & SuBB2
3
RCHSUM ROUTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL
6 FLOW -1
.035 .050 .050 8670 .004
500 500 560 560 580 580 600 600
100 100 93 93 93 93 100 100
susC RUNOFF HYDROGRAPH FROM SUB-BASIN C
.195
.35 .35 6.05 .2 1
.683 494
0 3 5 8 12 20 43 7 90 96
100
RCHCD ROUTE HYDROGRAPH SUBC THRU REACH CD; HYPOTHETICAL CHANNEL
1 FLOW -1
.050 .035 .050 2020 .004
500 500 513 525 530 542 550 550
100 100 97 95 95 97 100 100
susp RUNOFF HYDROGRAPH FROM SUB-BASIN D
.227
.35 .35 4.34 .26 1
.596 .397
0 3 5 8 12 20 43 75 90 96
100
SUMCD COMBINE HYDROGRAPH FROM SUBC & SUBD
2
RCHSUM ROUTE HYDROGRAPH SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL
4 FLOW -1
.050 .035 .050 5520 .005
500 500 513 525 530 542 550 550
100 100 97 95 95 97 100 100
HEC-1 INPUT
....... L . . Y . Y I TP TR 11
SUBE RUNOFF HYOROGRAPH FROM SUB-BASIN E
1.297
.35 .35 5.05 .23 1
1.104 .580
0 3 5 8 12 20 43 4] 90 9% -
100
SUMTOT COMBINE HYDROGRAPH FROM RCHSUM (WEST & NORTH)
3

PAGE 2

PAGE 3




SCHEMATIC DIAGRAM OF STREAM NETWORK

INPUT
LINE (V) ROUTING (--->) DIVERSION OR PUMP FLOW
NO. (.) CONNECTOR (<---) RETURN OF DIVERTED OR PUMPED FLOW
32 sugg1
v
v
43 RCHAB
48 . SUBA
54 . ) suss2
60 SUMAB..... e eeeneennneann
v
v
62 RCHSUM
67 : SUBC
) v
) v
73 . RCHCD
78 ) . susD
84 ) SUMCD. v enennnns
v
) v
86 : RCHSUM
91 ) ) SUBE
) ~ )
97 SUMTOT........ e eeeereaaeaa.

(***) RUNOFF ALSO COMPUTED AT THIS LOCATION

L T P )
* -
*  FLOOD HYDROGRAPH PACKAGE (HEC-1)
* SEPTEMBER 1990

* VERSION 4.0

*

*

*

PR s 2t st sesti st s st el sssss st yd

U.S, ARMY CORPS OF ENGINEERS
HYDROLOGIC ENGINEERING CENTER
609 SECOND STREET
DAVIS, CALIFORNIA 95616

RUN DATE 07/16/1992 TIME 20:09:43 (916) 756-1104

* % % % %
% % % % % %
* X A X X ¥ ¥

ARRARKREERXRRERATRAERAARRANRRAA AT TARARRNRNR P22 ss 2222 sttt sst st rseas sl

SUN CITY WEST EXPANSION MASTER DRAINAGE
STANLEY CONSULTANTS JOB # 11389 DATE: 16 JUL 92
HEC-1 MODEL 11389A2 (EXISTING CONDITION; MULTI SUB-BASIN)

CLARK UNIT HYDROGRAPH

2-HR STORM DISTRIBUTION (TABLE 2.2) P100 = 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 25 PERCENT.
IA ASSUMED TO BE 0.35 INCHES AND PERCENT IMPERVIOUS ASSUMED
T0 BE 1 PERCENT.

Kb BASED ON m = -0.016 and b = 0.10

TIME OF CONCENTRATION AND STORAGE COEFFICIENT R
BASED ON RESULTS FROM MCUHP1 (REVISED 12-16-91)



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

OFFSITE FLOWS ARE ROUTED THROUGH HYPOTHETICAL ONSITE CHANNELS
USING MODIFIED PULS ROUTING. CHANNELS REFLECT EXISTING
CROSS-SECTIONS AND EXISTING ROUGHNESS.

3110 OUTPUT CONTROL VARIABLES
IPRNT 3 PRINT CONTROL
1PLOT 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 150 NUMBER OF HYDROGRAPH ORDINATES
NDDATE 1 0 ENDING DATE
NDTIME 1225 ENDING TIME
ICENT 19 CENTURY MARK
COMPUTATION INTERVAL .08 HOURS

TOTAL TIME BASE  12.42 HOURS

ENGLISH UNITS
DRAINAGE AREA SQUARE MILES
PRECIPITATION DEPTH  INCHES
LENGTH, ELEVATION FEET

FLOW CUBIC FEET PER SECOND
STORAGE VOLUME ACRE-FEET

SURFACE AREA ACRES

TEMPERATURE DEGREES FAHRENHEIT

Rk dekdk dekdk Yok hokk ok Wk kAd Adkd dkkok dkdw kW bk kdedr ke AR bk ol okl ek AW ksl ke R el ik ke Ak dekd ok kRk AR kkk

dedede dede ke dr vk de dede e ek
* *
2kk * susBl * RUNOFF HYDROGRAPH FROM SUB-BASIN B1
* *
Yedededededede e d ok
34 IN TIME DATA FOR INPUT TIME SERIES
JXMIN 5 TIME INTERVAL IN MINUTES
JXDATE 1 0 STARTING DATE
JXTIME 0 STARTING TIME

SUBBASIN RUNOFF DATA

33 BA SUBBASIN CHARACTERISTICS
TAREA .19 SUBBASIN AREA

PRECIPITATION DATA

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION
36 P1 INCREMENTAL PRECIPITATION PATTERN
0 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 .27 .14 .12 .04 .03 .02 .01 .0
.01 .00 .01 .01
39 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 5.09 WETTING FRONT SUCTION
XKSAT .28 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
40 uC CLARK UNITGRAPH
TC .51 TIME OF CONCENTRATION
R .29 STORAGE COEFFICIENT
41 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0




ek

UNIT HYDROGRAPH PARAMETERS

CLARK TC= .51 KR, R= .29 WR
SNYDER TP= .43 KR, cP= .85
UNIT HYDROGRAPH
23 END-OF-PERIOD ORDINATES
8. 23. 45. 129. 228. 241, 197. 148. 111. 83.
62. 46. 34. 26. 19. 14. 1. 8. 6. 4.
3. 3. 2.
dede ke dede i Yedede ko *dki
HYDROGRAPH AT STATION  susB1
TOTAL RAINFALL =  2.77, TOTAL LOSS =  1.40, TOTAL EXCESS =  1.37
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR
+  (CFS) (HR)
(CFS)
- 284. 1.50 28. 13. 13. 13.
CINCHES) 1.365 1.365 1.365 1.365
(AC-FT) 14. 16. 14. 14.
CUMULATIVE AREA = .19 sa MI

kdk kel sk ek el Kk dbkde okl edrdr drdedr bkl dededr ek bk ke dededr kel dedkd drdkdr sk Rkl sl ek W sl ke wkk kW Rk Rk kk Wk Aok

drdedede e dede e s e e e
* *

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

el ik sk v e e

HYDROGRAPH RQUTING DATA

44 RS STORAGE ROUTING
NSTPS 2 NUMBER OF SUBREACHES
ITyp FLOW TYPE OF INITIAL CONDITION
RSVRIC =1.00 [INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT
45 RC NORMAL DEPTH CHANNEL
ANL .050 LEFT OVERBANK N-VALUE
ANCH .035 MAIN CHANNEL N-VALUE
ANR .050 RIGHT OVERBANK N-VALUE
RLNTH 2800. REACH LENGTH
SEL .0050 ENERGY SLOPE
ELMAX .0 MAX, ELEV. FOR STORAGE/OUTFLOW CALCULATION
CROSS-SECTION DATA
==~ LEFT OVERBANK === + =c---- 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
e
COMPUTED STORAGE-OUTFLOW-ELEVATION DATA
STORAGE .00 .1 .28 49 77 1.09 1.47 1.90 2.38 2.90
OQUTFLOW .00 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
OQUTFLOW 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
AR dkd *kw L2 2 Tl
HYDROGRAPH AT STATION RCHAB
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR



+

+

+

(CFS) (HR)
(CFS)
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 MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 12.42-HR
(AC-FT) (HR)
2. 1.67 0. 0. 0. 0.
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 12.42-HR
(FEET) (HR)
97.76 1.67 95.53 95.26 95.26 95.26
CUMULATIVE AREA = .19 sQ MI

ddede dedrdk v Wkd ke wkde kel okl kkdr ke

dededr dededwr Rk dekdk dewdk ok ek kW ek hkd daede kededr el Wk R Rk ke ko ko kR RRK RAR kR

vk ded kR vk ko drdedr
* *
48 KK SUBA * RUNOFF HYDROGRAPH FROM SUB-BASIN A
* *
e ook e Fo o o o ok ok ok ok e o
SUBBASIN RUNOFF DATA
49 BA SUBBASIN CHARACTERISTICS
TAREA .87 SUBBASIN AREA
PRECIPITATION DATA
35 PB STORM 2.77 BASIN TOTAL PRECIPITATION
36 PI INCREMENTAL PRECIPITATION PATTERN
.01 .0 .01 .01 .00 .01
.06 .09 .27 R 12 .04
.01 .00 .01 .01
50 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 6.15 WETTING FRONT SUCTION
XKSAT .21 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
51 uc CLARK UNITGRAPH
TC 1.00 TIME OF CONCENTRATION
R .56 STORAGE COEFFICIENT
52 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0
100.0
*hR
UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.00 HR, R=
SNYDER TP= .83 HR, cP=
UNIT HYDROGRAPH
43 END-OF-PERIOD ORDINATES
12. 30. 45. 62. 86. 126. 231.
583. 539. 478. 412. 355. 305. 263.
144. 124. 107. 92. 79. 68. 59.
32. 28. 2. 21. 18. 15. 13,
7. 6. 5.

*dk *wk

HYDROGRAPH AT STATION

TOTAL RAINFALL =

PEAK FLOW TIME

Rhiw

2.77, TOTAL LOSS =

hRi *edkdk

SUBA
1.34, TOTAL EXCESS =  1.43

MAXIMUM AVERAGE FLOW

.03 .03 .04 .04
.03 .02 .01 .01
43.0 75.0 90.0 96.0
.56 HR
.88
408. 553. 602.
226. 195. 168.
51. 43. 37.
11. 10. 8.




6-HR 24-HR 72-HR 12.42-HR

+ (CFS) (HR)
(CFS)
+ 811. 1.92 133. b4, 64. 64.
(INCHES) 1.424 1.424 1.424 1.424
(AC-FT) 66. 66. 66. 66.
CUMULATIVE AREA = .87 sa Ml

Kddke dedkde dededr s dkdedr ko kR kdrd ok Rk dedkde ks el dedbk dedkk ek Wk ek el ek e s ek bk Rk ek ok ek Rk ke ok Rk kkw

s e v v e e e o v o e e ok

* *

54 KK * sugg2 * RUNOFF HYDROGRAPH FROM SUB-BASIN B2
* *
deddedk kv ki ke kk e

SUBBASIN RUNOFF DATA

55 BA SUBBASIN CHARACTERISTICS
TAREA .16 SUBBASIN AREA

PRECIPITATION DATA

35 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
36 P1 INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 27 14 .12 .04 .03 .02 .01 .01
.01 .00 .01 01
56 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSLF 5.09 WETTING FRONT SUCTION
XKSAT .28 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
57 uC CLARK UNITGRAPH
TC .72 TIME OF CONCENTRATION
R .72 STORAGE COEFFICIENT
58 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
. 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

ek

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .72 KR, R= .72 HR
SNYDER  TP= .63 iR, cp= .62

UNIT HYDROGRAPH
52 END-OF-PERIOD ORDINATES

2. 6. 10. 16. 34. 69. 97. 102. 97. 8s8.
79. 70. 63. 56. 50. 44, 39. 35. . 28.
2s5. 22. 20. 18. 16. 14. 12. 1. 10. 9.
8. 7. 6. 6. 5. 4. 4, 4. 3. 3.
2. 2. 2. 2. 2. 1. 1. 1. 1. 1.
1. 1.
kW *iir hw *hn Tedked

HYDROGRAPH AT STATION susB2

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.40, TOTAL EXCESS = 1.37
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR
+ (CFS) (HR)
(CFS)
+ 132. 1.75 2. 1. 1. 1.
(INCHES) 1.364 1.364 1.364 1.364
(AC-FT) 12. 12. 12. 12.

CUMULATIVE AREA = .16 sQ MiI



*

*hw

PEAK FLOW TIME

+

(CFS) (HR)
+ 1100. 1.83

*

*

ELEVATION

xhk

RAKERNENARNRXR

w

*ked

XK AR XX KXR REK XXF RAXX KAX AXE ARE AXR ARER RAR XXX AhRw ek dkk *XR kkke khdw ThF whkd wrkX AX® wdrdr ARk Fhd kkd kkk RXE KRR AXX Akx

60 KK * SUMAB ¥ COMBINE HYDROGRAPH FROM RCHAB, SUBA & SUBB2
* *
ERRERRARKRNRER
61 KC HYDROGRAPH COMBINATION
1COMP 3 NUMBER OF HYDROGRAPHS TO COMBINE

ek

*hR L4 2 *Rw

HYDROGRAPH AT STATION SUMAB

MAXIMUM AVERAGE FLOW

6-HR 24-HR 72-HR 12.42-HR
(CFS)
184. 89. 89. 89.
(INCHES) 1.407 1.407 1.407 1.407
(AC-FT) 9. 9t. 91. 9.
CUMULATIVE AREA = 1.22 sa Ml

k2t a2t 222l d st d

*

62 KK * RCHSUM *
*

dede ek dede e de vk ik de o

96.68

b2 2

ks ddkdk dkdede okl Wkl sk dekdr Wkl dededlr ekl kW Wkt AR Wk R kel kel ekl kel s kol ek Rl W Rk kb ke kA ke ko Rk Wk

ROUTE HYDROGRAPH SUMAB THRU REACH SUM; HYPOTHETICAL CHANNEL

HYDROGRAPH ROUTING DATA

63 RS STORAGE ROUTING
NSTPS 6 NUMBER OF SUBREACHES
1TYe FLOW TYPE OF INITIAL CONDITION
RSVRIC -1.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT
64 RC NORMAL DEPTH CHANNEL
ANL .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 .0 MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION
CROSS-SECTION DATA
=== LEFT OVERBANK -<- + =c---- 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
ruw
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 .00 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 9.1 94.47 94.84 95.21  95.58 95.95 96.32
STORAGE 30.10 34.81 39.83 45.16 50.79 56.73 62.99 69.55 76.42 83.60
OUTFLOW 618.43 758.55 915.85 1091.02 1284.76 1497.76 1730.70 1984.24 2259.05 2555.77

97.05 97.42 97.79 98.16 98.53 98.89 99.26 99.63 100.00

hR *kR vk




HYDROGRAPH AT STATION  RCHSUM

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR
+ (CFS) (HR)
(CFS)
+ 969. 2.33 184, 89. 89. 89.
(INCHES) 1.403 1.407 1.407 1.407
(AC-FT) 9. 91. 91. 91.
PEAK STORAGE TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR 12.42-HR
+ (AC-FT) (HR)
7. 2.33 2. 1. 1. 1.
PEAK STAGE TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR 12.42-HR
+  (FEET) (HR)
97.53 2.33 94.48 93.73 93.73 93.73
CUMULATIVE AREA = 1.22 sQ Ml

Sk dedkd dedede drkde ek wokde kkd ek i dedkde deddk bl Rl kbl KR RRX AR AWK KRR REA XXX AR ANE KRR AXW KAK AR KRR AN KWW ARK XAN wkw

drdededededededek ik hhrd
* *

67 KK * susc * RUNOFF HYDROGRAPH FROM SUB-BASIN C

* *
wkdkhRkdddkkdd

SUBBASIN RUNOFF DATA

68 BA SUBBASIN CHARACTERISTICS
TAREA .19 SUBBASIN AREA

PRECIPITATION DATA

35 PB STORM 2.77 BASIN TOTAL PRECIPITATION
36 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 01 .00 .01 .03 .03 .04 .04
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
69 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
OTH .35 MOISTURE DEFICIT
PSIF 6.05 WETTING FRONT SUCTION
XKSAT .20 HYDRAULIC CONDUCTIVITY
RTIMP 1,00 PERCENT IMPERVIOUS AREA
70 UC CLARK UNITGRAPH
TC .68 TIME OF CONCENTRATION
R .49 STORAGE COEFFICIENT
71 VA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

*h®

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .68 HR, R= .49 HR
SNYDER TP= .59 HR, cp= .75

UNIT HYDROGRAPH
37 END-OF-PERIOD ORDINATES

4. 11. 18. 30. 67. 128. 163. 160. 143, 122.
103. 87. 74, 62. 52, 44, 37. 32. 27. 23.
19. 16. 14. 1. 10. 8. 7. 6. 5. 4.
4. 3. 3. 2. 2. 2. 1.
ek 1 e kR *iew

HYDROGRAPH AT STATION suBC



+

+

TOTAL RAINFALL = 2.77, TOTAL LOSS =

PEAK FLOW TIME
6-HR
(CFS) (HR)
(CFS)
216. 1.67 30.
(INCHES) 1.451
(AC-FT) 15.

CUMULATIVE AREA =

1.31, TOTAL EXCESS =

MAXIMUM AVERAGE FLOW

24-HR 72-HR
15. 15.
1.451 1.451
15. 15.

.19 sa Ml

1.46

12.42-HR

15.
1.451
15.

dkdk FRW kkA Ak ek kkk kdde ek ok kW e ekl Wk ke ko sk ks el ik Rk AR Rl AW WRR kR RRA kR Rk AW R ARR ARk AXR kww

+

+

+

+

e e e v e e e o e e o
* *

73 KK * RCHCD *
» *
Yedededededede ek ok ek
HYDROGRAPH ROUTING DATA
74 RS STORAGE ROUTING
NSTPS 1 NUMBER OF SUBREACHES
1TYP FLOW TYPE OF INITIAL CONDITION
RSVRIC -1.00 INITIAL CONDITION
X .00 WORKING 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 .0040 ENERGY SLOPE
ELMAX .0 MAX. ELEV. FOR STORAGE/OUTFL
CROSS-SECTION DATA
--- LEFT OVERBANK --- + --=--- MAIN CHANNE
77 RY ELEVATION  100.00  100.00  97.00 95.00 9
76 RX DISTANCE 500.00  500.00  513.00 525.00 53
ki
COMPUTED STORAGE-OUTFLOW-
STORAGE .00 .08 .20 .36 .55
OUTFLOW .00 1.65 6.03 13.49 24.53
ELEVATION 95.00  95.26  95.53 95.79  96.05
STORAGE 2.49 2.9 3.35 3.82 4.30
OUTFLOW 208.36 262.96 323.39 389.70 461.92
ELEVATION 97.63 97.89  98.16  98.42  98.68
dedk e ik *hw
HYDROGRAPH AT STATION  RCHCD
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR
(CFS) (HR)
(CFS)
199. 1.83 30. 15. 15.
(INCHES) 1.451 1.451 1.451
(AC-FT) 15. 15. 15.
PEAK STORAGE  TIME MAXIMUM AVERAGE STORAGE
6-HR 24-HR 72-HR
(AC-FT) CHR)
. 1.83 0. 0. 0.
PEAK STAGE  TIME MAXIMUM AVERAGE STAGE
6-HR 24-HR 72-HR
(FEET) (HR)
97.58 1.83 95.7 95.34 95.34

ROUTE HYDROGRAPH SUBC THRU REACH CD; HYPOTHETICAL CHANNEL

OW CALCULATION

+ --- RIGHT OVERBANK ---

L -------
5.00 97.00 100.00 100.00
0.00 542.00 550.00 550.00
ELEVATION DATA
.79 1.06 1.37 1.72 2.09
39.62 59.21 83.75 116.59 159.58
96.32 96.58 96.84 97.11 97.37
4.81 5.34 5.90 6.47 7.07
540.10 624.31 714.60 811.05  913.71
98.95 99.21 99.47 99.74 100.00
dekde
12.42-HR
15.
1.451
15.
12.42-HR
0.
12.42-HR
95.34




CUMULATIVE AREA = .19 sa MI

kkk hhkk ik dkdk dedbdr ek dedkl okl sk okl Tk ek drbd kbt ordedl ke ok el ek drdbdt b kb bk bk ke ok Ak Rl bk Rk Rk ko dak

dededevrdrdrdrae dr ok dr ok e

* *
78 KK * susp * RUNOFF HYDROGRAPH FROM SUB-BASIN D
* *

Y e e de e v o 3 e e ek Aok

SUBBASIN RUNGCFF DATA

79 BA SUBBASIN CHARACTERISTICS
TAREA .23 SUBBASIN AREA

PRECIPITATION DATA

35 P8 STORM 2.77 BASIN TOTAL PRECIPITATION
36 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 .27 .14 .12 .04 .03 .02 .01 .01
.01 .00 .01 .01
80 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 4,346 METTING FRONT SUCTION
XKSAT .26 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
81 uc CLARK UNITGRAPH
TC .60 TIME OF CONCENTRATION
R .40 STORAGE COEFFICIENT
82 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0

kel

UNIT HYDROGRAPH PARAMETERS
CLARK TC= .60 HR, R= .40 HR
SNYDER TP= .50 HR, cp= .77

UNIT HYDROGRAPH
30 END-OF-PERIOD 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.
kN *kd il *hi *id

HYDROGRAPH AT STATION SUBD

TOTAL RAINFALL = 2.77, TOTAL LOSS = 1.32, TOTAL EXCESS = 1.45
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR
+ (CFS) (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 sa Ml

kN kkde kkk KRR KRR Rk ARE AEK Akk kAk kdedr kol hdk ARR AR kel okl kdd hkwr ekl kkd bkl kR ARR Rkk ARk kkk Akk kkk Akk Ak kkk KRR

kkkhkkkkkiihid
* *

84 KK * SUMCD  * COMBINE HYDROGRAPH FROM SUBC & SUBD




* »
Tty
85 HC HYDROGRAPH COMBINATION
1coMp 2 NUMBER OF HYDROGRAPHS TO COMBINE
*k
ko *okde ke Rk *kk

HYDROGRAPH AT STATION SUMCD

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
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 MI

ddkdk wdkd ddrdr ek A Rk ke dedkdr dedkd Wk drded e dedkede drdbde s dedidk b dedkedk kb e Ak kil Wk ek ke ke ek kW AR AR R kR kAW

kdrkkkdkidhdkidd

* *
86 KK * RCHSUM * ROUTE HYDROGRAPH SUMCD THRU REACH SUM; HYPOTHETICAL CHANNEL
* *

Rk ki kil

HYDROGRAPH ROUTING DATA

87 RS STORAGE ROUTING
NSTPS 4 NUMBER OF SUBREACHES
ITYP FLOW TYPE OF INITIAL CONDITION
RSVRIC -1.00 INITIAL CONDITION
X .00 WORKING R AND D COEFFICIENT
88 RC NORMAL DEPTH CHANNEL
ANL .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 .0 MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION
CROSS-SECTION DATA
<<= LEFT OVERBANK === + =v---- 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
ww
COMPUTED STORAGE-OUTFLOW-ELEVATION DATA
STORAGE .00 .22 .54 .97 1.51 2.15 2.90 3.75 4.70 5.72
OUTFLOW .00 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
OUTFLOW 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
Rk e e ek R

HYDROGRAPH AT STATION  RCHSUM

PEAK FLOW TIME MAXIMUM AVERAGE FLOW
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 TIME MAXIMUM AVERAGE STORAGE

6-HR 24+-HR 72-HR 12.42-HR

+ (AC-FT) (HR)
3. 1.92 1. 0. 0. 0.

PEAK STAGE TIME MAXIMUM AVERAGE STAGE

6-HR 24-HR 72-HR 12.42-HR

+  (FEET) (HR)
98.37 1.92 96.01 95.49 95.49 95.49

CUMULATIVE AREA = .42 sSQ MI

ddrdr KRR ARR RRw kAW KRR kAR Rkk kkk AR AWE WRR AR kkk ARR AR Rkl ekk wkdk deklr kR dkrkk wRk AR R kR AAR ARR KRR KRR ARk AR R kkk ARN

e e vl v e ol Y o e ok e e e ok
* *
91 KK * SUBE *
* *
dedkekkkhhhNkklN

RUNOFF HYDROGRAPH FROM SUB-BASIN E

SUBBASIN RUNGFF DATA

92 BA SUBBASIN CHARACTERISTICS
TAREA 1.30 SUBBASIN AREA
PRECIPITATION DATA
35 pB STORM 2.77 BASIN TOTAL PRECIPITATION
36 Pl INCREMENTAL PRECIPITATION PATTERN
.01 .01 .01 .01 .00 .01 .03 .03 .04 .04
.06 .09 .27 .14 12 .04 .03 .02 .01 .01
.01 .00 .01 .01
93 LG GREEN AND AMPT LOSS RATE
STRTL .35 STARTING LOSS
DTH .35 MOISTURE DEFICIT
PSIF 5.05 WETTING FRONT SUCTION
XKSAT .23 HYDRAULIC CONDUCTIVITY
RTIMP 1.00 PERCENT IMPERVIOUS AREA
94 uC CLARK UNITGRAPH
TC 1.10 TIME OF CONCENTRATION
R .58 STORAGE COEFFICIENT
95 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES
.0 3.0 5.0 8.0 12.0 20.0 43.0 75.0 90.0 96.0
100.0
dedrdr
UNIT HYDROGRAPH PARAMETERS
CLARK TC= 1.10 KR, R= .58 HR
SNYDER TP= .92 HR, cp= .91
UNIT HYDROGRAPH
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. £9.
60. 52. 45, 39. 34, 29. 25. 22. 19. 16.
14. 12. 11. 9. 8. 7.
Rkt ke k% ke *dkk
HYDROGRAPH AT STATION SUBE
TOTAL RAINFALL =  2.77, TOTAL LOSS =  1.31, TOTAL EXCESS =  1.46
PEAK FLOW TIME MAXIMUM AVERAGE FLOW
6-HR 24-HR 72-HR 12.42-HR
+  (CFS) (HR)
(CFS)
+ 1167, 2.00 202. 98. 98. 98.
CINCHES) 1.451 1.451 1.451 1.451
(AC-FT) 100. 100. 100. 100.




CUMULATIVE AREA = 1.30 s@ MI

Ttk kR kR kAR
* *
97 KK * SUMTOT * COMBINE HYDROGRAPH FROM RCHSUM (WEST & NORTH)
* *
Tk kR kk R
98 HC HYDROGRAPH COMBINATION
1coMp 3 NUMBER OF HYDROGRAPHS TO COMBINE
ik
kk *ekk wwk weede ke

HYDROGRAPH AT STATION  SUMTOT

PEAK FLOW 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 sQ MI

RUNOFF SUMMARY
FLOW IN CUBIC FEET PER SECOND
TIME IN HOURS, AREA IN SQUARE MILES

OPERATION STATION FLOW PEAK

PEAK  TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD

+ 6-HOUR  24-HOUR  72-HOUR
HYDROGRAPH AT

+ suss1 284.  1.50 28. 13. 13,
ROUTED TO

+ RCHAB 262.  1.67 28. 13. 13,

+
HYDROGRAPH AT

+ SUBA 811,  1.92 133. 64. 6.

. HYDROGRAPH AT

* SuBB2 132, 1.75 2. 11. 1.
3 COMBINED AT

+ SUMAB 1100.  1.83 184. 89. 89.
ROUTED TO

+ RCHSUM 969.  2.33 184. 89. 89.

+
HYDROGRAPH AT

+ SUBC 216. 1.67 30. 15. 15.
ROUTED TO

+ RCHCD 199.  1.83 30. 15. 15.

+
HYDROGRAPH AT

+ SUBD 293.  1.58 35. 17. 17.
2 COMBINED AT

+ SUMCD 449. .67 66. 32. 32,
ROUTED TO

+ RCHSUM 420.  1.92 66. 32. 32.

dk dedd kded ke dekdk dekk kkd ki ko bkl sk sk dkdkdr ki kel ddek b ke ek Rk Rkde Rkl kW KRR RRE KkE KRX wRR KRR AR Ak AWK hakw

BASIN
AREA

.19

.19

.87

.16

1.22

1.22

.19

.19

.42

MAXTMUM TIME OF
STAGE MAX STAGE
97.76 1.67
97.53 2.33
97.58 1.83
98.37 1.92




HYDROGRAPH AT
SUBE 1167. 2.00 202. 98. 98. 1.30

3 COMBINED AT
SUMTOT 2275. 2.17 4351, 218. 218. 2.93

*x* NORMAL END OF HEC-1 ***




