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Much of the Town of Wickenburg, located in Maricopa Count), Arizona, currently lies in the 
Federal Emergency Management Agency (FEMA) 100 year floodplain due to the potential 
flooding of Casandro Wash To mitigate this hazard, Maticop County has built a dam and 
detention basin ups- of the main flood potential area and an outfall storm sewer system 
designed to convey flow safely through downtown Wickenburg to Sols Wash the principal 
dramageway in the area and a major tn'butay of the m y a m p a  River (see Figure 1.1). The 
flccd conml improvements will affect propemes within Sections 11 and 12 of T.7N., R.5W. 
G&SRM in downtown Wickenburg, Arizona. 

1.1 Site Location 

Figure 1.1 shows the location of the study. It involves the watershed of the Casandro Wash 
located w i t h  the corporate limits of the Town of Wickenburg, Arizona. 

1.2 Analysis 

Post project flow rates were calculated using the United States Army Corp of Engineers, 
September 1990 version of the FloodHydrographPackage HEC-1 according to the guidelines 
detailed in the Drainage Design Manual for Maricop county, Arizom ~ooa?volume L ~ ~ d r o l o g y  
(Flood Control District of Maricopa County, 1995). The following options were used: 

- Maricopa County &hour Storm Distribution: 1.8. 
- Point Precipitation Depth from NOAA Atlas 2, Volume 8: Arizona. - An Area Reduction Factor of ,983, from the Drainage Design Manual for 
Maricopa County, Arizona. Volume I, Hydrology CFCDMC Manual). 

- L~filtration loss rate estimation with the Green Ampt, HEC-1: option. 
- Hydrograph Development with the Clark Unit Hydrograph according to 
FCDMC Manual. 

- Reservoir and channel routing using the Normal Depth Modified Pulls option 
in HEC-I. 

1.3 Results 

The dam and outfall *stem sirrmf~cantly decrease the 100 year flow of Casandro Wash as i t  
flows through the Town of Wickenhurg, from 1500 to 28 1 cubic feet per second (cSs) at the 
Atclusou Sopeka and Santa Fe iAr&St') KR Crossing, effectivslv maintaining tlo~vs \vitlun 
the public right-dlk.ay and storm drainage conveyance facilities. 





2.1 Purpose 

The purpose of this study is to demonstrate the impact of the Casandro Wash Dam and 
Outfall Stormdrain Project on the existing Flood Insurance Rate Map (FIRM) in order to 
apply to FEMA for a Letter of Map Revision (LOMR) that changes the delineation of the 100 
year floodplain in the Town of Wickenburg. The study involves accurately modeling the 
effect of the dam and outfd conveyance system on the hydrology of the watershed and on 
the hydraulic operation of Casandro Wash. 

2.2 Scope 

This study encompasses the hydrologic analysis of the 1.6 square mile (1024 acre) watershed 
of Casandro Wash. The hydrologic analyses involve modeling the system pre- and post- 
improvement construction fiom the headwaters of Casandro Wash to its confluence with Sols 
Wash. The hydraulic analysis involves modeling the improved drainage system fiom the 
outlet of the dam through the town of Wickenburg to the stormdrain outlet at Sols Wash, and 
detining the limits of the new 100-year floodplain. 



3.0 Study ~&ramdtefs' 

3.1 Available Mapping and Information Sourcea 

No stream gauge data or rain gauge data is available Erom any location within the Casandro 
Wash catchment. 

Watershed delineation was accomplished using the 1" = 2W, 2 foot interval contour mapping 
prcpared for thc Flood Control District of Maricopa County and used in the Floodplain 
Delineation Study, Wickenburg Area Drainage Master Study (ADMS). This data was 
provided by M c o p  County on CD ROM. AU areas, lengths, and slopes were prepared 
&%itally using AutoCADD software. 

Cross sections and hydraulic data were taken fiom the 1" = 4V91 foot interval contour 
mapping, fiom areal photos taken 6/18/93, of Casandm Wash provided by the Flood Control 
District of Maricopa County, 

' h e  approved Construction Plaos of the Casandm Wash Dam and the Casandro Wash Out&ll 
were used in the preparation of rating curves and flow characteristics of drainage 
improvements. 

Thc following studies were used for reference in the HEC-1 modeling procedure and general 
organization ofthis study: 1) Wickenburg Area Draioage Master Study, WatersfLed Hydrology 
Report, Black and Veatch, m y  1991. 2) Design Concept Report for the Cwndro Wash 
Outfall, Flood Control District of Maricopl County, July 1994.3) C;lsandro Wash Dam Final 
Design Report for the Flood Control District of Maricopa County, CH2M Hill, February 
1995. Ekch of these three studies include hydrologic models of Casandro Wash. However, 
the focus of each was such that a comprehensive pre- and post-dam development flood 
analysis was not completed. Hence, a new study was necessary. 

Land surveying was conducted to provide additional information about the location of 
drainage features in and around Wickenburg and to field verify the mapping provided for this 
project. 

3.2 General Hydrologic Setting 

Casandro Wash is an ephemeral stream d r a h q  a 1.6 square mile watershed. The wash 
begins in the arid mountainous region near Vulture Peak and flows in a n w l y  &tion 
to Sols Wash in the Town of Wickenburg. Soils in the watershed are generally sandy loan 
to loamy sand with some clay content and rock outcrops (SCS, 1986). 



Casandro Wash upsrream of the 1-60 crossing consists of two well defined natural charmels 
with slopes of 2 to 3 percent. These chancels cross under Interstate 60 west of Wickenburg, 
through reinforced concrete box culverts (RCBC) of standard Ariwna Department Of 
Tmsportation (ADOT) design, and d u e n c e  shortly downstream of the crossing. Casandro 
wash flows through the westem part of Wickenburg in a poorly defined, steeply banked 
natural channel with slopes of 2 to 3 percent. It intersects dip sections of Mariposa and 
Cucamcha Streets. Although both intcrscctions contain 4 36" x 22" wmptcd mctal aroh p ip  
culverts designed to convey nuisance amounts of water underneath the streets dunng low flow 
events. The wash terminates just m e a m  of the htersection of Navajo and Jackson Streets. 
It is conveyed underneath Navajo Street with a dual 10' x 5' CBC . Historically, the wash then 
flows into Jackson Street and through Mohave Street to the Southern Pacitic RaiIroad crossing 
where a 8' x 10' RCBC with a 200 cfs capacity with 4 fi headwater, limits its flow to Sols 
Wash and creates localized flooding hazard (see Fig. 3.1). 

3.2.2 Pestdevelopment Conditions 

Due to the history of floods and properly damage in this moderate to high density residential 
area, the ADMS. completed in 1991 for the Mariwpa County Flood Control District, 
recommended the construction of a detention dam and outfall storm drain conveyance system 
in Wickenburg. The dam, built roughly 2500 ft downstream of the 1-60 diversion and just 
upstream of Mariposa Dr. was designed to setrertly limit the flow fiom the upper part of 
Casandro watershed into Wickenburg. The olltfdl stomdrain, which conveys flow directly 
downstream of the Navajo Street CBC to the natural channel of Sols Wash, was designed to 
carry the majority of the dam overflow and locally generated flow, eliminating most streetflow 
and flooding along its alignment. 

3.3 Land Use 

The tipper watershed of Casandro Wash upstream of the 1-60 crossing is predominately low 
density residential and range land, encompassing new development along Vulture Mine Rd 
and 1-60, The denser mut of the town of Wickenburg, downstream of Mariposa Drive, is a 
mixture of commercial and medium to high densiGsidential. 
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Hydrological analyxs for the Casandro Wash Dam and its impact on the flood hazard in the 
Town of Wickenburg were completed using the United States Army Corp of Engineers, 
September 1990 version of HEC-1. The analyses used the 6-hour local Maricopa County 
storm distribution, the Green-Ampt Loss Rate function and the Clark Unit Hydrograph to 
estimate precipitation, runoff and streamflow response in the Casandro Wash during the 
design 100-year storm event. AU parameter estimation, methods, and assumptions were 
based on the FCDMC Manual. The HEC-1 generated output fiIes are included in Appendix 
A for both pre- and post-development. A detailed description of parameter estimation and 
hydrological calculations as well as all pertinent figures and tables from FCDMC Manual are 
contained within Appendix C. 

To demonstrate the 111 impact of the dam on the Town of Wickenburg, pre- and post-dam 
development conditions were modeled with HEC-1. Pre-development conditions ignore the 
construction of the dam and outfall conveyance. Post-development conditions include the 
dam and detention basin and the outfall storm sewer conveyance system as it flows from 
Navajo Street to Sols Wash. 

4.1 Conceptualization of Watershed 

To model the hydrology, the Casandro Wash watershed was divided into twelve sub-basins. 
Flow was routed through each downstream basin cumulatively. Figures 4.1.1 and 4.1.2 show 
the watershed map and its subbasins for pre- and post-development conditions. AU 
parameters were estimated on a subbasin scale, with areally weighted land use and soil data 

All areas, watercourse lengths, channel reach lengths and slopes were measured digitally from 
the 1" = 100' 2-ft contour intewal exhibits provided by the Flood Control District of 
Maricopa County, Wickenburg ADMS. The areas and watercourse lengths data are 
presented in Table 4.1. 
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240j 1 1435.600 ( 781.6 
Total I 1.582 I 1 8701.210 

Table  4.1: Watercourse lengths, subbasin areas and 
I and reach lengths. I 

4.2 Precipitation 

The 6-hour precipitation depths were obtained fbm the isopluvial maps for Maricopa County, 
based on NOAA Atlas 2, Volume W (Miller, et a l  1973), Figures 2.1 - 2.14 in the FCDMC 
Man& Depths were areally adjusted for the 1.60 square mile watershed by a factor of ,983, 
according to Table 2.2 in the FCDMC Manual. The Maricopa County Pattern 1.8 was used 
as the rainfall pattern distribution, according to Figure 2.17 in the FCDMC Manual, 
developed from statistics found in the NOAA Atlas for the Western States, Arizona. The 
adjusted rainfall and depths for the 5 storms of interest (2, lO,25,50, 
and 100) are represented in Table 4.2. 

Table 4.2: Precipitation depths 
for storms of interest 



4.3 Losses 

To estimate al l  parameters for surface and infiltration loss, the procedures followed FCDMC 
Manual guidance. Areally weighted land use and soil classifications were determined for each 
subbasin. The land use delineation was determined from two sources, assuming fully 
developed conditions under existing zoning. The General Plan of the Town of Wickenburg 
was used for watershed areas upstream of the dam, and the Land Use Exhiiit of the Casandro 
Wash Watershed Below the Proposed Dam, provided by Maricopa County, was used for the 
watershed surrounding and downstream of the d a m  The soil classification delineation was 
determined according to the USDA, SCS Soil Survey of Aquila-Carefree Area, Parts of 
Maricopa and P i  Counties, AZ (SCS, 1986). These delineations were correlated with the 
subbasin delineation and maswed with a planimeter to determine soil classiication and land 
use percentages for each subbasin, see soils exhibit in Appendix C, p. 

The initial abstraction (IA) parameters were obtained from Table 4.2a in the FCDMC Manual 
for each land use and areally weighted for each subbasin 1.4 parameters range from 0.25- 
0.29 inch. 

Infiltration loss rates were computed with the Green Ampt infiltration option in HEC-1. The 
hydraulic conductivity at natural saturation (XKSAT) for each soil type contained within the 
study was obtained kom Appendix A, Aquila-Carefree Loss Rate Parameters, in the FCDMC 
Manual and averaged according to Eq. 4.4 in the FCDMC Manual for each subbasin. The 
areally averaged XKSAT values were then used to determine the parameters describing the 
soil moisture deficit (DTHETA) and the average capillary suction in the wetted zone (PSIF), 
according to Figure 4.3 in the FCDMC Manual and assuming normal conditions. Final 
XKSAT values were adjusted to account for areaUy weighted vegetative cover using Fig 4.4 
in the FCDMC Manual. 

The percentages of directly connected i m p e ~ o u s  surface (RTIMP) of each subbasii were 
computed ftom Table 4.2a in the FCDMC Manual and land use percentages. RTIMP 
parameters were adjusted to account for bedrock outcropping according to the SCS report. 
Adjusted RTIMP parameters range from 18 to 38 percent. 

All adjusted parameters used for the Green-Ampt Infiltration loss equation in HEC-1 are 
represented in Table 4.3. 



4.4 Hydrograph Method 

The Clark Synthetic unit hydrograph was used to estimate the stream response to excess 
rainfall in each subbasin, as suggested by FCDMC Manual for watersheds of this size. 

The slope for each subbasin was adjusted according to Figure 5.4 m the FCDMC Manual. 
The roughness coefficient (Kb) was obtained fiom Table 5.1 m the FCDMC Manual using m 
and b parameters weighted according to residential, desert, developed or park land uses in 
each subbasin 

The time of concentration (Tc) and storage coefficient (R) parameters were calculated using 
the computer program MCUHPl as provided with the FCDMC Manual This code iteratively 
computes the Tc and intensity (I) using Eq. 5.5 in the FCDMC Manual for each subbasm 
within a study area when provided all abstraction, infiltration and subbdm area and flow path 
data. It then computes R by Eq 5.6 in the FCDMC Manual. 

The subbasin data and Clark Unit Hydrograph parameters used in HEC-1 are represented in 
Table 4.4. 



4.5 Channel Routing 

Eleven channel reaches were modeled. Routing parameters were based on typical average 
cross sections of Casandro Wash or the appropriate street flow cross section, obtained fiom 
the 1" = 200' 2 foot interval contour maps between corresponding concentration points. The 
nod-depth Modified Puls storage routing option was used, according to the guidelines in 
the FCDMC Manual. 

The Manning's coefficients (n) were calculated fiom field observation, soil data and two 
sources. For the natural channel of Casandro Wash between the dam site and Navajo street, 
a constant value (0.028) was calculated using the methods described in "Estimated Manning's 
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, Arizona" 
prepared by the U.S. Geological Survey, Water Resources Division. For the section of 
Casandro Wash that flows in the street, an "n" value (0.022) was obtained fiom FCDMC 
Drainage Design Manual, Volume II, Hydraulics, Table 5.1 1 (see Appendix C). The same 
aforementioned table was also used to obtain a constant n value (0.040) for all overbank flow. 



4.6 Detention Basin and Stormdrain Routing 

To model the newly constructed Casandro Wash Dam and detention basin in the town of 
W~ckenburg, the approved constructions plans provided by Maricopa County and CJ32M-Hill 
were used. A rating curve for the dam and detention basin was created using the elevation- 
volume average method, estimated by planimetering Zfoot contour interval mapping of the 
grading plan and dam alignment, adjusted to account for the 2 acre-feet of sediment storage 
during the 100-year event (see Figure 4.6.1). An outflow rating curve was created for the 
dam's low flow orifke structure discharge, determined with the orifice equation, in 
combiion with the emergency spillway discharge, using the verified rating curve found in 
the Casandro Wash Dam Final Design Report (CH2M Hill, 1995) determined with the 
procedures outlined in the "Design of Small Dams" by the U.S. Bureau of Reclamation (1987) 
and "Hydraulic Design of the Spillways," by the U.S. Army Corp of Engineers (1990) (see 
Figure 4.6.2). These rating curves were entered into the post-development HEC-1 model as 
a reservoir routing reach at the location of the 
dam 
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Figure 4.6:I: Rating Curve Computed for Detention basin Storage 
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Figure 4.6.2: Outlet flow 6om low flow orifice and spillway on Casandro 
Wash Dam. 

To model the outfall stormsewer that was built fkom Navajo Street to Sols Wash, the 
approved construction plans provided by Maricopa County were used. The flow was 
estimated by calculating the hydraulic gradient in the dual 48" RCP pipe system and assuming 
outlet control and full 100 year flow elevation in Sols Wash and 6 A of available head at the 
catch basin inlet. As the system was designed, the sewer will collect all flow fkom Casandro 
Wash until a d u m  of 274 cubic feet per second is reached. At this point, all flow greater 
than 274 c& will overflow the catch basin into Jackson and Mohave Streets and through the 
historic route to Sols Wash. This was entered into the post-development HEC-I model as 
a simple diversion at the point of the outfall catch basin 

4.7 Remaining Hydraulic Structures 

The dual 5' x 6' box culvert's diverting the western flow and the single 5' x 6' box culvert 
conveying the eastern flow underneath Interstate 60 upstream of the dam were neglected in 
the hydrology model due to their insignijicant effect on the flow of Casandro Wash through 
the Town of Wickenburg below the dam. 

The four 36" x 22" CMPA underneath M e s a  and Cucaracha Streets were neglected in the 
hydrology model. 

The dual 10' x 5' CBC underneath Navajo Street leading to the catch basin for the storm 
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sewer was modeled using a detention storage volume-flow relationship computed with the 
fbllowing procedm. The elevationMow rating curve for the dual culvert was calculated with 
the Dodson and Associates, Box Culvert Analysis Computer Program, which uses Federal 
Highway Adminkhation methods. Fromprehinaq results of the hydraulic modeling, it was 
determined that the water surface elevation at the outlet during the peak of the design s tom 
would be 1.82 ft above the outlet invert, creating an outlet controlled flow regime in the 
culvert. The elevation/storage and elevation4low rating curves were entered into both pre- 
and post-development HEC-1 models with the reservoir routing option (see Appendix C). 

The RCBC underneath the AT & SF railroad was modeled using a detention volume-flow 
relationship computed with a procedure pardel to that used with the Navajo Street culvert. 
The d e p r d  area upstream of the crossing was phimetered using the railroad tracks as the 
northeast boundary. The elevationMow rating curve was determined with the Box Culvert 
Analysis Computer Program assuming outlet control with 100 year flow elevation in Sols 
Wash. The culvert storage flow relationship was entered into both pre- and post- 
development HEC-I models with the reservoir routing method (see Appendix C). 

4.8 Results 

The results ofthe HEC-1 modeling procedure demonstrate that the dam and outfd structure 
will si&antly decrease the 100 year flow through the Town of Wickenburg, fiom 1606 cfs 
to 278 cfs at the railroad crossing. The pre- and post-development flows for each 
concentration point are shown in Table 4.8.1. 



Estimated 100-year peak flows in Casandro Wash resulting from this modeling procedure are 
lower than the estimates made in the previous hydrologic studies (see Table 4.8.2 and 
Appendix C for comparison of the various models, parameters, and results). In 1995, 
Maricopa County published an addendum to its FCDMC Manual which suggested that 
directly connected percent impevious parameters that were lower than those used in the 
previous three studies for most land uses. This was the only significant difference between 
the various models. Notably, the Casandro Wash Dam F i  Design Report for the Flood 
Control District of Maricopa County (CH2M Hill, February 1995) contains an estimated 
outflow l?om the dam of 118 cfi, where this study's estimated outflow is 30 cfs. The dam and 
outfd structures were designed for larger flows. 

Post development flows were then entered into the HEC-2 hydraulic model of Casandro 
Wash downstream of the dam to determine the resulting water surface elevation of the 100- 
year flood. 



To estimate the post-project 100-year flood surface elevation of Casandro Wash throdgh the 
town of Wickenburg, a hydraulic analysis was completed downstream of the dam to the 
AT&SF Pacific Railroad crossing. Cross sections were derived &om the 1993 Maricopa 
County DOT map. Field surveys of bottom channel elevations and hydraulic structures were 
conducted to confirm the digital MCDOT mapping. 

The analysis was completed using the May 1991 version of U.S. Army Corp of Engineers 
HEC-2 Water Surface Profdes model. The startiw water surface elevation was determined 
at the inlet of the box culvert underneath the railroa; crossing assuming the 100-year FEMA 
FIRM elevation m Sols Wash at the outlet. Casandro Wash was modeled fkom this crossing 
to the inlet of the storm drain at the intersection of Navajo and Jackson Streets as street flow 
through town according to the map. The wash was then separately modeled fkom the inlet 
of the box culvert at the Navajo and Jackson intersection upstrem to Casandro Wash Dam. 

Without an original FEMA (pre-project) HEC 2 run, an alternate method was used to 
evaluate post-project hydraulic effects. The 100 year HEC 2 water surface elevations 
(WSEL) and streambed elevations, revised with new verified topographic survey, were 
graphically plotted by river mile oon Figure 5.1 : 1 along with the FIS FLOOD PROFILES 
from panels 37P and 38P. Figure 5.1: 1 enables graphic comparison of pre- and post-project 
WSELs.. 

All flows used in the hydraulic model of Casandro Wash were obtained fiom the 100-year 
post-development results of the HEC-I modeling procedure computed at corresponding 
locations. Subcritical flow was assumed and all calculations were computed in the upstream 
direction. 

5.1 Parameter Estimation 

The method used to obtain the Manning's coefficients is detailed in the Hydrologic Analyses 
Section 4.5. A coefficient of 0.022 was used for the street flow through town. A coefficient 
of 0.028 was used for the wash m the natural channel and a coefficient of 0.040 was used for 
all overbank flow, as described in FCDMC Hydraulic Drainage Design Manual, Table 5.1 1. 

The "nu values for overbank flow are at the lower range of values used in the pre-project FIS. 
Values for the channel T i e r  slightly fiom the FIS reflecting crossing upgrades, other 
observed changes in the natural channel, and due to compliance with MCFCD Hydraulic 
Drainage Design Manaual. Please see Section 4.5 Channel Routing for more detailed 
explaination of "n" value estimates used for this study. 

The remining parameters, namely the contraction and expansion coefficients, were estimated 
according to the methods outlined in the HEC-2 User's Manual with data collected by field 
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Figure 5.1.1: Navajo Street to RR Crossing, 100-yr Flood and Revised Streambed Profile 



and map observation. 

AU channel cross sections and bank locations were obtained fkom the Maricopa County DOT 
1" = 40' mapping. Because the inundated area was beyond the limit of DOT'S mapping at the 
AT&SF Railroad crossing, the WADMS 1" = 200' scale maps were used for W e r  
information. Field survey data were used for confirmation and chiiication Road elevations 
and culvert speciiications were obtained fkom the appropriate As-Built street plans provided 
by Yost and Gardner Engineers and confinned with field survey. 

5.2 Modeling Procedure 

5.2.1 Natural Channel Profile 

Casandro Wash was divided into two separate hydraulic models due to the diiculty in 
modeling the added hydraulic effects of the box culvert and storm sewer diversion at the 
intersection of Jackson and Navajo Streets with HEC-2. 

The 61st HEC-2 model calculated the water surface elevation of Casandro Wash beginning 
at the inlet of the railroad crossing upstream to the outlet of the CBC underneath Navajo 
Street. The water surface elevation (WSEL) upstream of the railroad culvert computed by 
the reservoir routing routine in the 100-year post-development HEC-1 model was used as 
the starting WSEL (see Section 4.7 and Appendix C). 

The cross sections in the fust model d e m i  the unpaved Mohave and Jackson Streets as the 
main conveyance of flow with the short-cut through the northwest comer of the intersection 
of the two streets (see Figure 5.2 and Appendix C). 

The second HEC-2 model calculated the water mike elevation of Casandro Wash beginning 
at the inlet of the CBC underneath Navajo Street to the outlet of the spillway at Casandro 
Wash Dam. The WSEL at the inlet of the CBC computed by the reservoir routing routine 
in the 100-year post-development HEC-1 model was used as the initial WSEL (see Section 
4.7). 
Cross sections in the second model descni  the natural channel of Casandro Wash as the 
main conveyance of flow. As in the hydrologic model the low flow culverts underneath 
Mariposa and Cucaracha were neglected in the hydraulic model. The culverts, designed to 
cany nuisance low flow events underneath the streets, are currently clogged with sediment 
and debris and make a negligible impact on the water surface elevation of the 100-year 
floodplain. The streets, which are above the surrounding natural ground, are modeled with 
simple weir flow, with cross sections describing the center line of the streets and.the natural 
ground channel directly upstream and downstream of both streets (see Figure 5.2). 

5.2.2 Floodway Encroachment Analysis 
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- , , W/ OUT P R I U E n  
FLOOD BOVNOlWI 

F L W D  BOUNDARY 

- - - - - - - FLOODWAY O U N D m I  
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FLOODWAY 

WTW PROJECT 
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WTW PROJECT 
FLOOD-PRONE IREAS (40) 

, :&-$oNCROSS-SECTION 

hCCORDlNG TO HEC-2 MODEL 
(CW. MCH 7-15-96) 



IDLE: I--100. 



The results ofthe above natural channel profile were used to establish the maximum limits of 
encroachment using the following criterk the water surface elevation could not increase 
above 1 ft over natural conditions, the channel velocity could not increase to the point where 
damaging erosion would occur, and the top width of the floodway could not vary excessively. 
The floodway analysis was initially estimated using HEC-2 method 4 and completed for 
presentation with HEC-2 method 1. 

5.3 Results 

The water surface elevations of the 100-year flow through Casandro Wash, as simulated by 
HEC-2, were reduced in response to contrustion of the dam and storm sewer. The majority 
of the flow is conveyed in the natural channel of Casandro Wash or in the right of way of 
Jackson and Mohave Streets. One hundred percent of the commercial and residential 
development in Casandro Wash previously inside the FIRM floodplain is now outside of the 
boundary. 

Table 5.3.1: Water surface elevations computed 
by HEC-2. (see Figure 5.2 forx-sect locations) 



The HEC-2 computed post-development water surface elevations for all cross sections are 
shown in Table 5.3.1 and Figure 5.2. 

Three predevelopment regions of both nuisauce and severe flooding; (1) upstream of the weir 
flow over Mariposa, (2) upstream of the weir 6 w  over Cucaracha Streets, and (3) upstream 
of the culvert underneath the AT&SF Railroad crossing, continue to be (post-development) 
areas ofponding ona smaller scale, (see Figures 3.1 and 5.3.1). Although the flows over the 
streets and through the culverts are greatly reduced by the dam and outfall construction, the 
topography of the associated surrounding land is flat. Consequently, the post-construction 
floodplain does include some development (one non-permanent barn) in these areas. 
However, because the simulated flood is under 1 ft in depth in most places, existing bottom 
floor elevations of all buildings should be adequate to obtain removal fiom the FIRM. 

The encroachment amhis demonstrates that the flow in the three areas of ~ondrng could be 
confined to the channeiwithout signijicantly affecting its velocity or depth: See Gble 5.3.2 
for the comparison of natural profile and encroachment WSEL's and velocitiesApart fiom 
these three areas of ponding, the post-development flows are confined to the natural channel 
upstream ofNavajo Street and confined to the street right-of-way from Navajo Street to the 
railroad crossing. The floodway encroachment analysis does not change the depth or lateral 
extent of flow in any of the already confined stretches. 
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Appendix A: HEC-I Output Files, pre- and post-development. 



~*""".*"***"*.*.*""~.*.~~*.~~.**tttt.* 

* . 
" FLWD HYDROGRAPH PACKAGE (HEC-1) 
* SEPTEMBER 1990 * 
* VERSION 4.0 * 
" . 

RUN DATE 08/14/1996 TIME 08:30:07 * 
" t 

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

X X XXXXXXX XXXXX X 

X X X  X X xx 
X X X  X X 
XXXXXXX XXXX X XXXXX X 
X X X  X X 

X X X  X X X 
X X XXXXXXX XXXXX XXX 

**.**.**.~*.f~**.-.~~.*.~~~~*~**~."..*. . 
U.S. ARMY CORPS OF ENGINEERS * 

HYDROLOGIC ENGINEERING CENTER . 
* 609 SECONO STREET . 
• DAVIS, CALIFORNIA 95616 

* (916) 756-1104 . * 

...*.****.....**~."~~~..~*...*..~.**.~. 

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

M E  DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROn THOSE USED WITH M E  1973-STYLE INPUT STRUCTURE. 

THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WIM REVISIONS DATED 2 8  SEP 81. M I S  I S  M E  FORTRAN77 VERSION 

NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, DSS:WRITE STAGE FREQUENCY, 

0SS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFlLTRATION 

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

1 HEC-1 INPUT PAGE 1 

LINE I D  ....... I... .... 2.. ..... 3. ...... 4..... .. 5.......6.......7.......8 ....... 9,.....10 
1 I D  CASANDRO WASH. CLOMR 3660.2 

2 I D  POST OUTFALL AND DAM DEVELOPMENT 
3 I D  COLLINS PINA, MCH 6-1-96 

4 I D  6 HOUR, 100 YEAR STORM EVENT 

'DIAGRAM 
5 I T  5 
6 10  5 

" 

CS230 
SUB-BASIN 230 
6-HOUR RAINFALL, PATTERN NO. 1.80 WAS USED TO FIND TC & R FOR M I S  BASIN 

THIS BASIN USED RAINFALL REDUCTION FACTOR OF .980 

.684 

15 

RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 

3.343 
THE FOLLOWING PC RECORD USED A 6-HOUR STORM WIM A PATTERN No. OF 1.80 

.OOO .009 .016 .025 .034 .042 .051 .059 .067 .076 

.087 . l o 0  . I20  . I 5 8  .245 .437 .721 .851 .906 .940 

.952 .965 .977 .989 1.000 

.260 .Z50 5.1 .330 30.000 



LINE 

KK CS235 
KM SUB-BASIN 235 
BA .386 
LG .240 .210 6.400 .210 30.000 
UC .592 .636 
UA 0 5 16  30 65 77 84 90 

UA 100 
* 

KK CAC23 

KM COMBINE 230 AND 235 AT 23 
HC 2 
* 

KK CAC230-A 

KM ROUTE COMBINED HYDROGRAPH TO COUNTRY CLUB DRIVE 
RS 1 FLOW -1 

RC .040 ,028 .040 699 .0258 

RX 0.0 140 160 240 280 290 360 560 
RY 8 4 2 0 0 2 6 8 . 
KK CS230A 
KM SUB-BASIN 230A 

BA .043 

LG .280 .210 6.400 . I90  30 
UC .225 . I75  
UA 0 5 16 30 65 77 84 90 

HEC-1 INPUT 

ID.. ..... 1.......2 ....... 3.......4.......5.......6.... ... 7.......8.. ... 

KK CAC2 

KM COMBINE 230, 235 AND 230.A 
HC 2 
" 

KK ROUTE 

KM ROUTE COMBINED HYDROGRAPH TO PROPOSED DAM LOCATION 
RS 1 FLOW -1 

RC ,040 .028 .040 1720 .0319 

RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
RY 16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

KK CS240A 

KM SUB-BASIN 240A 

BA . I23  

LG 2 9 0  .210 6.400 .190 20.0 

UC .208 . I19  

U A 0 5 16  30 65 77 84 90 

UA 100 

97 

PAGE 2 



LINE 

KK OAMiN 

KM ADD 24OA TO UPSTREAM FLOW AT DAM LOCATION 
HC 2 
" 

KK CPA 
KM Route Hydrograph Through Dam. 
KM 

RS 1 STOR 2 
SA 2.05 2.49 5.80 6.77 9.06 10.20 

SA 12.09 12.31 12.81 13.31 13.81 

SE 2135 2137 2140 2144 2150 2153 
SE 2159 2160 2161 2162 2163 

SQ 0 9.5 13.5 19.1 23.3 28.6 
SQ 2423 3450 4577 5773 7015 

KK RCPA-8 

KM ROUTE FROM DAM SITE TO MARIPOSA OR 
RS 1 FLOW -1 

RC .040 .028 .040 1291.1 .0190 

RX 0.0 80.0 160.0 230.0 330.0 425.6 
RY 13.5 6.3 2.9 0.3 0.1 3.80 
* 

HEC-1 INPUT 

ID.. ..... 1. ...... 2 ....... 3.......4..... .. 5 ....... 6.. 

KK CS2408 

KM SUB-BASIN 2406 

BA .I09 

LG .290 .210 6.400 ,190 18 
UC .283 .240 

U A 0 5 16 30 65 77 
UA 100 
* 

KK CP8 

KM ADO 2408 TO UPSTREAM FLOW 

HC 2 

KK RCPB-C 

KM ROUTE FROM MARlPOSA OR TO CUCURACHA ST 

RS 1 FLOW -1 
RC .040 .028 .040 641 .0190 

RX 0.0 30 60 80 283 320.4 

RY 12.1 7.7 3.4 0 0.7 3.8 
" 

KK CS240C 

KM SUB-BASIN 240C 

6A ,036 

LG .230 .210 6.400 .I90 38 

UC .I92 .I66 

U A 0 5 16 30 65 77 
UA 100 

PAGE 3 

.... 9. ..... 10 



KK CPC 
KM CUCURACHA S1 
HC 2 . 
KK C-D 

KM ROUTE FRW CUCURACHA ST TO CULVERT CONCENTRATION POINT 
RS 1 FLOW -1 

RC .040 .028 .a40 888 0.012 
RX 0.0 10 30 80 130 316.9 327.5 430 
RY 7.0 5.4 1.8 0.8 0 1.8 2.5 2.9 
* 

KK CS240C.5 
KM SUB-BASIN 240C.5 
BA .0188 
LG .23 .210 6.400 .I90 36 
UC .I62 .I40 
UA 0 5 16 30 65 77 84 90 94 

UA 100 
* 

HEC-1 INPUT 

KK CUL 

KM CULVERT FLOW 
HC 2 
" 

KK C.5-CUL 
KM ROUTE FROM CULVERT CONCENTRATION POINT TO CULVERT 

RS 1 FLOW -1 
RC ,040 .028 .040 120 0.012 

RX 0.0 10 30 80 130 316.9 327.5 430 
RY 7.0 5.4 1.8 0.8 0 1.8 2.5 2.9 
* 

KK CULVERT 

KM DIVERT FLOW UNDERNEATH NAVAJO STREET THROUGH 2 BARREL 10x5 RCBC CULVERT 

S A 0 0 0 .OZ8 A95 .I06 .380 

SQ 0 0 0 20 180 320 600 
SE 2082.4 2083.0 2084.0 2085 2085.5 2086 2087 

KK CS240D 
KM SUB-BASIN 2400 

BA .018 

LG .230 .210 6.400 . I90 36 

UC .I83 .206 

UA 0 5 16 30 65 77 84 90 94 

UA 100 . 
KK CPO 

KM NAVAJO AND JACKSON ST'S 
HC 2 

PAGE 4 

.10 



LINE 

KK DIVERT 
ta DIVERT PIPE FLOW OF 294 CFS, REST OF a CONTINUES DOWNSTREAM 

DT D1V-D 
0 1  0 100 200 300 400 500 800 

oa o 100 200 274 274 274 274 
" 

KK RCPD-E 

KM ROUTE FROM NAVAJO AND JACKSON ST'S TO MOHAVE AND JACKSON ST'S 
RS 1 FLOW -1 

RC .040 .02 .040 393 0.010 
RX 0.0 80 130 170 180 230 280 320 
RY 0 2.0 2.2 1.4 1.5 1.8 2.5 2.5 
" 

HEC-I INPUT 

KK CS240E 

KM SUB-BASIN 2406 

BA .021 
LG .230 .210 6.400 . I90  38 

UC . I46  .I18 

U A 0 5 16  30 65 77 8 4  90 
UA 100 
* 

KK CPE 
KM MOHAVE AND JACKSON ST'S 

HC 2 
* 

KK RCPE-F 
KM ROUTE FROM MOHAVE AND JACKSON ST'S TO MOHAVE AND EUDISON ST'S 

RS 1 FLOW -1 

RC .040 .02 .040 347 0.023 

RX 0.0 70 100 150 192.6 292.6 342.6 384.4 

RY 2.8 1.5 1.1 0 .1 0.9 2.6 5.1 . 
KK CS240F 
KM SUB-BASIN 240F 

BA .013 
LG .250 .210 6.400 . I90  30 

UC . I33  .I19 

U A 0 5 16  30 65 77 8 4  90 

UA 100 . 
KK CPF 

KM MOHAVE AND MADISON ST'S 

HC 2 
" 

KK RCPF-G 

KM ROUTE FROM MOHAVE AND MADISON ST'S TO MOHAVE AND ADAMS ST'S 

RS 1 FLOW -1 

PAGE 5 
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INPUT 

I LINE 

NO. 

226 KK CPI 

227 KM ATSF RAILROAD 
228 HC 2 . 

HEC-I INPUT 

LINE I D  ....... 1.......2.......3.......4.......5.... ... 6.......7.......8... 

KK DAC242 DETENTION STORAGE MUTING UNOER ATBSF RR 
KM DETENTION AREA BEHIND RR EMBANKMENT (8 x 10 RCB) 

KM CULVERT INVERT 2061.4 FROM M-H STRUCTURE SURVEY 1990 

KM WEIR CREST (LOW PT ALONG RR TRACKS) 2069 

RS 1 ELEV 2061.4 
SA 0.001 0.01 0.12 13.1 15.4 17.7 20.0 

SQ 0.001 0.0 6 0  380 550 700 800 
S E 2 0 6 1 . 4  2062 2063 2068 2069 2070 2071 . 

237 KK RCPI-J 
238 KM ROUTE FROM ATSF RAILROAD TO SOLS WASH 

239 RS 1 FLOW -1 

240 RC .040 .028 .040 782 0.012 
241  RX 0.0 130 210 310 360 760 770 780 

242 RY 5.0 4.0 2.0 0 0 2.0 4 6.0 

243 KO 2 
* 

244 KK CS240J 
245 KM SUB-BASIN 2405 

246 BA ,012 
247 LG .250 .210 6.400 .190 30 

248 UC ,246 .340 

249 U A 0 5 16  30 65 77 8 4  90 

250 UA 100 . 
251 KK STORM 

252 KM RETRIEVE DIVERSION FROM STORM DRAIN OUTFALL 

253 DR OIV-D 
* 

254 KK SOLS 

255 KM SOLS WASH OUTLET 

256 HC 3 

257 ZZ 

SCHEMATIC DIAGRAM OF STREAM NETWORK 

(V) ROUTING (--2) DIVERSION OR PUMP FLOW 

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

'AGE 7 



39 CS230A 

46 CACZ ............ 
v 
v 

49 ROUTE 

8 1  CS240B 

88 CPB ............ 
v 
v 

91  RCPB-C 

120 CUL ............ 
V 
v 

123 C.5-C 

141  CPD ............ 



146 ------- > DIV-0 
144 DIVERT 

v 
v 

149 RCPD-E 

155 CS240E 

162 CPE ............ 
v 
v 

165 RCPE-F 

178 CPF ............ 
V 

V 

181 RCPF-G 

187 

194 CPG .... 
v 
v 

197 RCPG-H 

210 CPH ............ 
v 
V 

213 RCPH-I 

226 CPI .. 
v 
v 

229 DAC242 

v 
v 

237 RCPI-J 



(***) RUNOFF ALSO COMPUTED AT THIS LOCATION 
.......................................... I * * 

F L W D  HYDROGRAPH PACKAGE (HEC-1) 
SEPTEMBER 1 9 9 0  

VERSION 4.0 " 
* 

* RUN DATE 08/14/1996 TIME 08:30:07 * 

I * 
. 

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

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

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 

6 0 9  SECOND STREET * 
* DAVIS, CALIFORNIA 95616  * 

(916) 756-1104 . . . 

CASANORO WASH, CLOMR 3660.2 

POST OUTFALL AND DAM DEVELOPMENT 

COLLINS PINA, MCH 6-1-96 

6 HOUR, 1 0 0  YEAR STORM EVENT 

6 I0 OUTPUT CONTROL VARIABLES 

IPRNT 5 PRINT CONTROL 

IPLOT 0 PLOT CONTROL 

QSCAL 0. HYDROGRAPH PLOT SCALE 

I T  HYDROGRAPH TIME DATA 

NMIN 5 MINUTES I N  COMPUTATION INTERVAL 

IDATE 1 0 STARTING DATE 

I T I M E  0 0 0 0  STARTING TIME 

NQ 200 NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 1 0 ENDING DATE 

NDTIME 1635  ENDING TIME 

ICENT 1 9  CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 

TOTAL TIME BASE 16.58 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 

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

237 KK RCPI-J 
t * 

/ff  **f *If. *** *** f f *  *** **. f f*  f f f  ff* *.* 



243 KO OUTPUT CONTROL VARIABLES 

IPRNT 2 PRlNT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

HYOROGRAPH ROUTING DATA 

239 RS STORAGE ROUTING 

NSTPS 1 NUMBER OF SUBREACHES 
ITYP FLOW TYPE OF I N I T I A L  CONDITION 

RSVRIC -1.00 IN IT IAL  CONDITION 
X .OO WORKING R AN0 0 COEFFICIENT 

240 RC NORMAL DEPTH CHANNEL 

ANL .040 LEFT OVERBANK N-VALUE 

ANCH .028 MAIN CHANNEL N-VALUE 

ANR .040 RIGHT OVERBANK N-VALUE 
RLNTH 782. REACH LENGTH 

SEL .0120 ENERGY SLOPE 

ELMbX .O MAX. ELEV. FOR STORAGE/OUTFLOW CALCULATION 

CROSS-SECTION DATA --- LEFT OVERBANK --- + ------ MAIN CHANNEL ------- + --- RIGHT OVERBANK --- 
242 RY ELEVATION 5.00 4.00 2.00 .OO . 00 2.00 4.00 6.00 
241  RX DISTANCE .OO 130.00 210.00 310.00 360.00 760.00 770.00 780.00 

COMPUTED STORAGE-OUTFLOW-ELEVATION DATA 

STORAGE .OO .51 1.46 2.86 4.71 7.01 9.76 12.87 16.08 19.37 

OUTFLOW .OO 59.86 254.16 629.08 1227.31 2087.97 3247.47 4974.53 7154.06 9653.23 
ELEVATION .OO .32 .63 .95 1.26 1.58 1.89 2.21 2.53 2.84 

STORAGE 22.75 26.20 29.73 33.36 37.19 41.26 45.57 49.97 54.38 58.79 

OUTFLOW 12460.63 15567.54 18967.25 22632.05 26568.15 30828.69 35436.14 40468.09 45806.46 51441.32 

ELEVATION 3.16 3.47 3.79 4.11 4.42 4.74 5.05 5.37 5.68 6.00 

*** WARNING *** MODIFIED PULS ROUTING MAY BE NUMERICALLY UNSTABLE FOR OUTFLOWS BETWEEN 629. TO 51441. 

THE ROUTE0 HYDROGRAPH SHOUUl BE EXAMINED FOR OSCILLATIONS OR OUTFLOWS GREATER M A N  PEAK INFLOWS. 
THIS CAN BE CORRECTED BY DECREASING M E  TIME INTERVAL OR INCREASING STORAGE (USE A LONGER REACH.) 

HYDROGRAPH AT STATION RCPI-J 

*** ................................................................................................................................. 
" " 

OA MON HRMN OR0 OUTFLOW STORAGE STAGE * DA MON HRMN ORD OUTFLOW STORAGE STAGE * DA K I N  HRMN OR0 OUTFLOW STORAGE STAGE 
* 

1 0000 1 0. .O .O ' 1 0535 68 58. .5 .3 * 1 1110 135 0. .O .O 

1 0005 2 0. .O .O * 1 0540 69 37. . 3  .2 * 1 1115 136 0. .O .O 
1 0010 3 0. .O .O ' 1 0545 70 18. .1 .1 ' 1 1120 137 0. .O .O 
1 0015 4 1. .O .O " 1 0550 7 1  11. .I .1 1 1125 138 0. .O .O 
1 0020 5 2. .O .O " 1 0555 72 7. .1 .O ' 1 1130 139 0. .O .O 

1 0025 6 2. .O .O 1 0600 73 6. .O .O ' 1 1135 140 0. .O .O 

1 0030 7 2. .O .O * 1 0605 74 5. .O .O * 1 1140 141 0. .O .O 





PEAK FLOW TIME MAXIMUM AVERAGE FLOW 

6-HR 24-HR 72-HR 16.58-HR 
+ (CFS) (HR) 

(CFS) 
+ 146. 4.50 38. 14. 14. 14. 

(INCHES) 2 2 6  .227 2 2 7  .227 

(AC-FT) 19. 19. 19. 19. 

PEAK STORAGE TIME 

+ (AC-FT) (HR) 
1. 4.50 

PEAK STAGE TIME 

i- (FEET) (HR) 

.46 4.50 

MAXIMUM AVERAGE STORAGE 

6-HR 24-HR 72-HR 16.58-HR 

MAXIMUM AVERAGE STAGE 

6-HR 24-HR 72-HR 16.58-HR 

CUMULATIVE AREA = 1.57 SQ M I  

RUNOFF SUMHARY 
FLOW I N  CUBIC FEET PER SECOND 

TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

I 6-HOUR 24-HOUR 72-HOUR 

HYDRMjRAPH AT 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

CSZ30 

CS235 

CAC23 

CAC230 

CS230A 

CAC2 

ROUTE 

CSZ40A 

DAMIN 



ROUTED TO 

CPA 

ROUTED TO 

HYDROGRAPH AT 

2 COMBINED AT 

RWTED TO 

CS24OB 

CPB 

RCPB-C 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

CS240C 

CPC 

c-D 

HYDROGRAPH AT 

2 COMBINED AT 

ROUTED TO 

CS24OC 

CUL 

c.5-C 

ROUTED TO 

CULVER 

HYDROGRAPH AT 

2 COMBINED AT 

DIVERSION TO 

HYDROGRAPH AT 

ROUTED TO 

CS240D 

CPD 

DIV-D 

DIVERT 

RCPD-E 

HYDROGRAPH AT 



2 COMBINED AT 
CPE 

ROUTED TO 
RCPE-F 

HYDRDGRAPH AT 

CS24OF 

2 COMBINED AT 
CPF 

ROUTED TO 

RCPF-G 

HYDROGRAPH AT 

CS240G 

2 COMBINED AT 
CPG 

ROUTED TO 
RCPG-H 

HYDRDGRAPH AT 
CS240H 

2 COMBINED AT 

CPH 

ROUTED TO 
RCPH-I 

HYDROGWIPH AT 

CS2401 

2 COMBINED AT 

CP I 

ROUTED TO 

OAC242 

ROUTED TO 

RCPI-J  

HYDROGRAPH AT 

CS24OJ 

HYDROGRAPH AT 
STORM 

3 COMBINED A1 





1."**"******..,**.~*.**.~..*....~~.*.*.. 

" * 
* FLOOD HYDROGRAPH PACKAGE (HEC-1) - 
* SEPTEMBER 1990 + 
* VERSION 4.0 * . * 

RUN DATE 07/15/1996 TIME 15:10:04 * 
" . 
.................... "*********..."."****. 

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

**.. L.*.*.*.****~-..~~***..~~.*~"*-.... 

" 
U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 
* 609 SECOND STREET 

DAVIS, CALIFORNIA 95616 
(916) 756-1104 

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

THIS PROGRAM REPLACES ALL PREVIOUS VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HEClGS, HEClDB, AND HEClKW. 

THE DEFINITIONS OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM MOSE USED WITH M E  1973-STYLE INPUT STRUCTURE. 
THE DEFINITION OF -AMSKK- ON RM-CARD WAS CHANGED WITH REVISIONS DATED 2 8  SEP 81. THIS I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLOW SUBMERGENCE , SINGLE EVENT DAMAGE CALCULATION, 0SS:WRITE STAGE FREQUENCY, 

DSS:READ TIME SERIES AT DESIRED CALCULATION INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 

KINEMATIC WAVE: NEW FINITE DIFFERENCE ALGORITHM 

1 HEC-1 INPUT PAGE 1 

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

1 I D  CASANDRO WASH, CLOMR 3660.2 

2 I D  PRE OUTFALL AND DAM DEVELOPMENT 

3 I D  COLLINS PINA, MCH 6-1-96 
4 I D  6 HOUR, 100 YEAR STORM EVENT 

'DIAGRAM 

5 I T  5 200 

6 I0  5 

KK CS230 

KM SUB-BASIN 230 

KM 6-HOUR RAINFALL, PATTERN NO. 1.80 WAS USED TO FIND TC & R FOR M I S  BAS14 

KM M I S  BASIN USED RAINFALL REDUCTION FACTOR OF .980 
BA .684 
I N  15 

KM RAINFALL DEPTH OF 3.40 WAS SPACIALLY REDUCED AS SHOWN BY M E  PB RECORO 

PB 3.343 

KM THE FOLLOWING PC RECORD USED A 6-HOUR STORM WIM A PATTERN No. OF 1.80 

KM THE FOLLOWING PC RECORD USED A 6-HOUR STORM WITH A PATTERN No. OF 1.80 
PC .OOO .DO9 .016 .025 .034 .042 .D51 .059 .067 .076 

PC .087 . l o 0  . I20  . I 5 8  .245 .437 .721 .851 .906 .940 
PC .952 .965 .977 .989 1.000 



LINE 

KK CS235 
KM SUB-BASIN 235 

BA .3B6 

LG .240 .210 6.400 .210 30.000 
UC .592 .636 
UA 0 5 16  30 65 77 8 4  90 

UA 100 
* 

KK CACZ 

KM COMBINE 230 AND 235 AT BEGINNING OF 230A 
HC 2 
* 

KK CAC230-A 
KM ROUTE COMBINED HYDROGRAPH TO COUNTRY CLUB DRIVE 
RS 1 FLOW -1 

RC .045 .03 .045 699 .0258 

RX 0.0 140 160 240 280 290 360 560 

RY 8 4 2 0 0 2 6 8 . 
HEC-1 INPUT 

ID.... ... 1.......2.......3.......4.......5.......6.......7.......8..... 

KK CS230A 
KM SUB-BASIN 23OA 

BA .043 
LG .280 .210 6.400 . I 9 0  30 
UC .225 . I75  

U A 0 5 16  30 6 5  77 8 4  90 
UA 100 . 

KK ROUTE 
KM ROUTE COMBINED HYDROGRAPH TO CPA 
RS 1 FLOW -1 

RC ,045 .03 .045 2020 .0319 

RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
RY 16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

KK CS240A 

KM SUB-BASIN 240A 

8A . I23  

LG .290 .210 6.400 . I90  20.0 

UC .208 . I 1 9  
U A 0 5 16 30 65 77 84 90 

PAGE 2 
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LINE 

KK CPA 
KM ADD 240A TO UPSTREAM FLOW AT CPA 
HC 2 
* 

KK RCPA-B 

KM ROUTE FROM DAM SITE TO MARIPOSA DR 

RS 1 FLOW -1 

RC .045 .03 .045 1291.1 .0190 

RX 0.0 80.0 160.0 230.0 330.0 425.6 475.6 480.6 
RY 13.5 6.3 2.9 0.3 0.1 3.80 8.1 9 
* 

CS240B 
SUB-BASIN 2408 

.lo9 

.290 .210 6.400 .I90 18 

.283 .240 

0 5 16 30 65 77 84 90 94 
100 

KK CPB 
KM ADD 2408 TO UPSTREAM FLOW 

HC 2 

KK RCPB-C 
KM ROUTE FROM MARIPOSA DR TO CUCURACHA ST 

RS 1 FLOW -1 
RC .045 .03 .045 641 .0190 

RX 0.0 30 60 80 283 320.4 330 340 

RY 12.1 7.7 3.4 0 0.7 3.8 5.8 10 
* 

KK CS24DC 

KM SUB-BASIN 240C 
8A .036 

LG .230 .el0 6.400 . I90 38 
UC .I92 .I66 
UA 0 5 16 30 65 77 84 90 94 

UA 100 . 
KK CPC 
KM CUCURACHA ST 

HC 2 
" 

KK C-D 

KM ROUTE FROM CUCURACHA ST TO NAVAJO AND JACKSON ST'S 

RS 1 FLOW -1 
RC .045 .03 .045 1008 0.012 

'AGE 3 



LINE 

KK ~ ~ 2 4 0 0  

KM SUB-BASIN 2400 
BA .037 

LG .230 ,210 6.400 . I90  36 
UC . I75  . I30  

U A 0 5 16  30 65 77 84 90 94 97 
UA 100 
* 

KK CPD 

KM NAVAJO AND JACKSON ST'S 
HC 2 
* 

HEC-1 INPUT 

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

KK CULVERT 
KM OIVERT FLOW UNDERNEATH NAVAJO STREET THROUGH 2 BARREL 10x5 RCBC CULVERT 

SA 0 0 0 .028 .095 . l o 6  .380 

sa o o o 20 180 320 600 
SE 2082.4 2083.0 2084.0 2085 2085.5 2086 2087 

KK RCPO-E 
KM ROUTE FROM NAVAJO AND JACKSON ST'S TO MOHAVE AND JACKSON ST'S 

RS 1 FLOW -1 
RC .045 .03 .045 393 0.010 

RX 0.0 8 0  130 170 180 230 280 320 

RY 0 2.0 2.2 1.4 1.5 1.8 2.5 2.5 
* 

KK CS24OE 

KM SUB-BASIN 240E 

BA ,021 
LG .230 .210 6.400 . I 9 0  38 

UC . I 4 6  . I 1 8  
U A 0 5 16  30 65 77 84 90 94 97 

UA 100 
" 

KK CPE 

KM MOHAVE AND JACKSON ST'S 

HC 2 
* 

KK RCPE-F 
KM ROUTE FROM MOHAVE AN0 JACKSON ST'S TO MOHAVE AND MADISON ST'S 

RS 1 FLOW -1 
RC .045 .03 .045 347 0.023 

RX 0.0 70 100 150 192.6 292.6 342.6 384.4 

RY 2.8 1.5 1.1 0 .1 0.9 2.6 5.1 
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LINE 

KM SUB-BASIN 240F 
BA ,013 
LG .250 .210 6.400 . I90  30 
UC . I33  . I 1 9  
UA 0 5 16  30 6 5  77 84 90 

UA 100 . 
KK CPF 

KM MHAVE AND MADISON ST'S 
HC 2 

HEC-1 INPUT 

ID... .... 1.......2.......3.......4..... .. 5.......6.......7.......8..... 

KK RCPF-G 
KM ROUTE FROM MOHAVE AN0 MADISON ST'S TO MOHAVE AND ADAMS ST'S 
RS 1 FLOW -1 

RC .045 .03 .045 336 0.015 

RX 0.0 30 50 70 8 0  90.5 110.5 202.8 
RY 5.0 3 3 0 1 3 8.2 12.7 . 
KK CS240G 

KM SUB-BASIN 2406 

BA .005 
LG .250 .210 6.400 . I 9 0  30 

UC . lo4  . l o 5  
UA 0 5 16  30 65 77 8 4  90 
UA 100 
* 

KK CPG 

KM MOHAVE AND AOAMS ST'S 

HC 2 
" 

KK RCPG-H 
KN ROUTE FROM MOHAVE AND AOAMS ST'S TO MOHAVE AND JEFFERSON ST'S 

RS 1 FLOW -1 

RC .045 .03 .045 385 0.010 

RX 0.0 8 0  130 280 380 530 540 550 

RY 3.5 2.5 1.7 0 0.1 1.4 3.5 5.5 

KK CS240H 

KM SUB-BASIN 240H 
BA .007 

LG .250 .210 6.400 . I90  3 0  
UC .096 .073 

U A 0 5 16  30 65 77 84 9 0  

UA 100 
* 

KK CPH 

KM MOHAVE AND JEFFERSON ST'S 

HC 2 
* 

PAGE 5 
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I LINE 

KK RCPH-I 
KM ROUTE FROM W V E  AND JEFFERSON ST'S TO ATSF RAILROAD 
RS 1 FLOW -1 

RC .045 .03 .045 332 0.009 
RX 0.0 30 130 180 910 1080 1106 1116 

RY 0.8 0.0 0.0 0 0 0.0 0.0 5.2 . 
HEC-1 INPUT 

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

KK CS2401 

KM SUB-BASIN 2401 
BA . I05  

LG .250 .210 6.400 . I 9 0  30 

UC .258 .203 
U A 0 5 16  30 65 77 84 90 94 97 

UA 100 
* 

KK CPI 

KM ATSF RAILROAD 
HC 2 
* 

KK DAC242 DETENTION STORAGE ROUTING UNDER ATDSF RR 
KM DETENTION AREA BEHIND RR EMBANKMENT (8 x 10 RCB) 
KM CULVERT INVERT 2061.4 FROM M-H STRUCTURE SURVEY 1990 

KM WEIR CREST (LOW PT ALONG RR TRACKS) 2069 

KM (TAKEN DlRECTLY FRDM WADMS (1991) 

RS 1 ELEV 2061.4 

SA 0.001 0.2 6.6 13.1 15.4 17.7 20.0 

SQ 0.001 130 300 510 610 1260 4630 
S E 2 0 6 1 . 4  2064 2066 2068 2069 2070 2071 
" 

KK RCPI-J 

KM ROUTE FROM ATSF RAILROAD TO SOLS WASH 
RS 1 FLOW -1 

RC .045 .03 .045 782 0.012 

RX 0.0 130 210 310 360 760 770 780 
RY 5.0 4.0 2.0 0 0 2.0 4 6.0 

KK CSZ40J 
KM SUB-BASIN 2405 

BA .012 

LG .250 .210 6.400 . I90  30 

UC .246 .340 

U A 0 5 16 30 65 77 84 90 94 97 

UA 100 . 

PAGE 6 

KK SOLS 

KM SOLS WASH OUTLET 

HC 2 
zz 



INPUT 
LINE 

NO. 

(v) ROUTTNG , (--->) DIVERSION OR PUMP FLOW 

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

CSZ30: ' 

CS23OA 

CACZ ............ 
v 
V 

ROUTE 

CPA ............ 
v 
v 

RCPA-B 

CS240B 

CPB ............ 
v 
v 

RCPB-C 

CS24OC 

CPC ............ 
v 
v 

C-D 

CS24OD 

CPD ............ 
v 
v 



* SEPTEMBER 1990  
* VERSION 4.0 • . " 
* RUN OATE 07/15/1996 TIME 15:10:04 * . 
******. XI***...**.**"*"""***.*...""""""". 

HYDROLOGIC ENGINEERING CENTER 
• 609 SECOND STREET . . DAVIS, CALIFORNIA 95616 . - (916) 756-1104 
* * 
**......*** ............................ 

CASANDRO WASH, CLOMR 3660.2 
PRE OUTFALL AN0 DAM DEVELOPMENT 

COLLINS PINA, MCH 6-1-96 
6 HOUR, 100 YEAR STORM EVENT 

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

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

IDATE 1 0 STARTING DATE 

IT IME 0000  STARTING TIME 

NQ 200  NUMBER OF HYDROGRAPH ORDINATES 

NDDATE 1 0 ENDING DATE 

NOTIME 1635  ENDING TIME 

ICENT 19 CENTURY MARK 

COMPUTATION INTERVAL .08 HOURS 
TOTAL TIME BASE 16.58 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 

WARNING --- ROUTED OUTFLOW ( 655.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTEO OUTFLOW ( 911.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTEO OUTFLOW ( 1154.) I S  GREATER THAN MAXIMUM MlTFLMJ ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTEO OUTFLOW ( 1327.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1424.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-WTFLOW TABLE 

WARNING --- ROUTEO OUTFLOW ( 1462.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-WTFLW TABLE 

WARNING --- ROUTED OUTFLOW ( 1431.) I S  GREATER M A N  MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1353.) I S  GREATER M A N  MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTEO OUTFLOW ( 1250.) 1S GREATER THAN W l M U M  WTFLOU ( 600.) I N  STORAGE-WTFLOW TABLE 



119  RCPD-E 

125 CS240E 

132  CPE ............ 
v 
v 

135 RCPE-F 

1 4 8  CPF ............ 
v 
v 

151  RCPF-G 

157 CS24OG 

164 CPG ............ 
v 
v 

167 RCPG-H 

180  CPH ............ 
v 
v 

183 RCPH-I 

196 C P I  ............ 
v 
v 

199  DAC242 

v 
V 

2 0 8  RCPI-J 

2 2 1  SOLS ............ 
(**') RUNOFF ALSO COMPUTED AT THIS LOCATION 

......................................... . " 
FLOOD HYDROGRAPH PACKAGE (HEC-1) * 

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

U.S. ARMY CORPS OF ENGINEERS * 



WARNING --- ROUTED OUTFLOW ( 1131.) I S  GREATER THAN MAXIMUH WTFLOW ( 600.) I N  STORAGE-OUTFLW TABLE 

WARNING --- RWTED OUTFLOW ( 1005.) I S  GREATER THAN MRXIMUH WTFLOW ( 600.) I N  STORAGE-WTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 886.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 78(1.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 689.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 603.) I S  GREATER THAN MAXIMUM OUTFLOW ( 600.) I N  STORAGE-WTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1095.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- RWTED OUTFLOW ( 1291.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1404.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1456.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-WTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1443.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1375.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1276.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1160.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 1036.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 

WARNING --- ROUTED OUTFLOW ( 914.) I S  GREATER THAN MAXIMUM OUTFLOW ( 865.) I N  STORAGE-OUTFLOW TABLE 
I 

RUNOFF S U M R Y  

FLOW I N  CUBIC FEET PER SECOND 
TIME I N  HOURS, AREA I N  SQUARE MILES 

PEAK TIME OF AVERAGE FLOW FOR MAXIMUM PERIOD BASIN MAXIMUM TIME OF 
OPERATION STATION FLOW PEAK AREA STAGE MAX STAGE 

+ 6-HOUR 24-HOUR 72-HOUR 

HYDROGRAPH AT 
+ CS230 714. 4.33 145. 53. 53. .68 

HYDROGRAPH AT 
+ CS235 386. 4.33 90. 33. 33. .39 

2 COMBINED AT 
+ CAC2 1100. 4.33 235. 86. 86. 1.07 

ROUTED TO 
+ CAC230 1101. 4.33 235. 86. 86. 1.07 

+ 1.65 4.33 

HYDROGRAPH AT 
t CS230A 77. 4.08 10. 4. 4. .04 

2 COMBINED AT 
+ CACZ 1149. 4.33 245. 90. 90. 1.11 

ROUTED TO 



ROUTE 

2 COMBINED AT 

CPA 

ROUTED TO 

RCPA-B 

HYDROGRAPH AT 

CS240B 

2 COMBINED AT 

CPB 

ROUTEO TO 

RCPB-C 

HYDROGRAPH AT 

CS24OC 

2 COMBINED AT 

CPC 

ROUTED TO 

C-D 

HYDROGRAPH AT 

CSZ4OD 

2 COMBINED AT 

CPO 

ROUTEO TO 

CULVER 

ROUTED TO 

RCPD-E 

HYDROGRAPH AT 

CS240E 

2 COMBINED AT 

CPE 

ROUTED TO 

RCPE-F 



2 COMBINED AT 

ROUTED TO 

CPF 

RCPF-G 

HYDRffiRAPH AT 

2 COMBINED AT 

ROUTED TO 

CS240G 

CPG 

RCPG-H 

HYDROGPAPH AT 

2 COMBINED AT 

ROUTED TO 

CS24OH 

CPH 

RCPH-I 

HYDROGPAPH AT 

2 COMBINED AT 

ROUTED TO 

CS24OI 

C P I  

OAC242 

ROUTED TO 

RCPI-J 

HYDROGRAPH AT 

2 COMBINED AT 

CS24OJ 

SOLS 

*** NORMAL END OF HEC-1 **. 



I Appendix B: HEC-2 Output Files, post-development. 



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

* HEC-2 WATER SURFACE PROFILES R 

* 
V e r s i o n  4.6.2; May 1 9 9 1  % 

" * 
RUN DATE 05SEP96 TIME 11:16:07 

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

X X XXXXXXX XXXXX XXXXX 
X X X  X X X X 
X X X  X X 
XXXXXXX XXXX X XXXXX XXXXX 
X X X  X X 
X X X  X X X 
X X XXXXXXX XXXXX XXXXXXX 

~. l*~ . f* l* .* . .* .*~ .~*~.~~*~**.*~ . .  

* U.S. ARMY CORPS OF ENGINEERS 

HYDROLOGIC ENGINEERING CENTER 

6 0 9  SECOND STREET, SUITE D 
DAVIS, CALIFORNIA 95616-4687 

(916) 756-1104 
**.*.**.*********+***..*.*-%***** 

PAGE 1 

THIS RUN EXECUTED 05SEP96 11:16:07 
**** ""%%***....*.****"*.%******...*** 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1 9 9 1  
**********tt************"ttt*ttt*tt*t 

T 1  CASANORO WASH 

TZ CLOMR STUDY (FUTURE CONDITIONS) FROM NAVAJO ST TO RAILROAD 

T3 F I L E  NAME: NAV-RR.DAT 

J 1  ICHECK INQ NINV I D I R  STRT METRIC 

5 2  NPROF IPLOT PRFVS XSECV XSECH FN 

5 3  VARIABLE CODES FOR S U W R Y  PRINTOUT 

CROSSING 

HVINS 

0 0  

ALLDC 

0.0  

Q WSEL 

000.0 2064.36 

IBW CHNIM 



51  

PAGE 2 



SECNO DEPTH CWSEL CRIWS WSELK EG 

Q QLOB PCH QROB ALOE ACH 

TIME VLOB VCH VROB XNL XNCH 

SLOPE XLOBL XLCH XLOBR ITR IAL  IDC 

HV HL OLOSS L-BANK ELEV 

AROB VOL TWA R-BANK ELEV 

XNR WTN ELMIN SSTA 

ICONT CORAR TOPWID ENDST 

PAGE 3 

PAGE 4 



3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL OEPTH ASSUMED 

9.000 1.23 2065.23 2065.23 .OO 2065.70 .47 .07 .ll 2066.00 
102.0 .O 102.0 .O .O 18.5 .O .I .l 2066.00 

.OO .OO 5.52 .OO .OOO ,022 .000 .OOO 2064.00 13.55 
,007477 70. 70. 70. 2 0  2 2  0 .OO 19.73 33.27 

'SECNO 11.000 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .64 

*SECNO 12.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

12.000 1.10 2067.40 2067.40 .OO 2067.72 .32 .40 .03 2068.00 

91.0 .O 91.0 .D .O 20.0 .O .3 .3 2068.00 

.02 .OO 4.56 .OO .OOO .022 .OOO .OOO 2066.30 12.63 

.008465 52. 50. 55. 2 0  11 0 .OO 31.73 44.35 

1 
05SEP96 11:16:07 PAGE 5 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

*SECNO 13.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL OEPTH ASSUMED 

13.000 .87 2067.87 2067.87 .OO 2068.22 .34 .45 .01 2068.00 . 
91.0 .O 91.0 .O .O 19.3 .O .3 .3 2068.00 

.03 .OO 4.71 .OO . 000 .022 .WO .OOO 2067.00 10.63 

.008335 53. 53. 53. 1 15 0 .OO 28.75 3 9 . 3  

"SECNO 14.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

14.000 .88 2069.48 2069.48 .OO 2069.84 .36 1.39 .OO 2070.00 
91.0 .O 91.0 .O .O 19.0 .O .4 .5 2070.00 



*SECNO 15.000 
3685 20 TRlALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 

3720 C R I T I C A L  DEPTH ASSUMED 

15.000 .69 2071.39 2071.39 .OO 2071.63 .24 .85 .01 2071.00 

82.0 2.2 77.7 2.1 1.9 19.3 1.9 .4 .6 2071.00 
.04 1.12 4.02 1.12 .040 .022 .040 .OOO 2070.70 15.93 

.008107 103. 105. 105. 20 15 0 .OO 55.75 71.68 

*SECNO 16.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 C R I T I C A L  DEPTH ASSUMED 

16.000 .91 2072.41 2072.41 .OO 2072.71 .31 .83 .02 2073.00 

82.0 .O 82.0 .O .O 18.5 .O .5 .7 2073.00 

.05 .OO 4.44 .OO .OOO .022 .OOO .OOO 2071.50 22.38 

.008554 102. 100. 100. 2 11 0 .OO 30.65 53.03 

*SECNO 17.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 C R I T I C A L  DEPTH ASSUMED 

17.000 1.00 2073.38 2073.38 .OO 2073.74 .35 .81 . O 1  2073.00 

82.0 .8 80.8 .4 .7 16.8 .4 .5 .7 2073.00 

.06 1.08 4.80 1.07 .040 .022 .040 .OOO 2072.30 48.18 

,007683 100. 100. 100. 2 11 0 .OO 28.73 76.91 

SECNO OEPTH CWSEL CRlWS WSELK EG HV H L  OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR I T R I A L  IOC ICONT CORAR TOPWID ENDST 

'SECNO 18.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

18.000 .75 2075.25 2075.25 .OO 2075.47 .22 1.23 .01 2076.00 

59.0 .O 59.0 .O .O 15.7 .O .6 .8 2076.00 

.07 .OO 3.76 .OO .OOO .022 .OOO .OOO 2074.50 92.07 

,009643 146. 146. 146. 6 19 0 .OO 36.62 128.70 

*SECNO 19.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

19.000 .80 2076.40 2076.40 .OO 2076.68 .20 .84 .02 2078.00 

59.0 .O 59.0 .O .O 14.0 .O .6 .9 2078.00 

.07 . 00 4.23 .OO ,000 .OZZ .OOO .OOO 2075.60 20.60 

,000935 90. 90. 90. 3 8 0 .OO 25.80 46.40 

'AGE 6 



*SECNO 20.000 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

20.000 .86 2077.36 2077.36 .OO 2077.57 .21 .84 .01 2078.00 
59.0 .O 59.0 .D .O 15.9 .O .6 1.0 2078.00 

.08 .OO 3.72 . 00 .OOO .022 .OOO .OOO 2076.50 15.47 
.W9736 90. 90. 90. 3 8 0 .OO 38.10 53.57 

*SECNO 21.000 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

21.000 .91 2079.91 2079.91 .OO 2080.14 .23 1.34 .01 2080.00 
59.0 .O 59.0 .O .O 15.3 .O .7 1.1 2080.00 

.09 .OO 3.87 .OO .OOO .022 .OOO .OOO 2079.00 15.66 
.009420 155. 140. 120. 3 8 0 .OO 33.59 49.25 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

0 QLOB QCH QROB ALOE ACH AROB VOL TW A R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

*SECNO 23.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

23.000 .56 2081.30 2081.30 .OO 2081.48 .17 .39 .03 2082.00 
30.0 .O 30.0 .O .O 8.9 .O .7 1.2 2082.00 

.10 .OO 3.35 .OO .OOO .022 .OOO .OD0 2080.74 32.45 

.010016 93. 93. 95. 20 16 0 .OO 25.58 58.03 

*SECNO 24.000 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

24.000 .61 2082.21 2082.21 .OO 2082.40 .19 .69 .OO 2083.00 

30.0 .O 30.0 .O .O 8.7 .O .7 1.2 2083.00. 

.11 .OO 3.46 .OO .OOO .022 .OOO .OOO 2081.60 30.36 

.010138 70. 68. 68. 3 8 0 .OO 23.84 54.20 

*SECNO 25.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

25.000 .82 2083.52 2083.52 .OO 2083.75 .23 .63 .01 2085.00 
30.0 .O 30.0 .O .O 7.8 .O .7 1.2 2085.00 
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1 
05SEP96 11:16:07 PAGE 8 

*********..t*t******ttt****t*tt***tt** 

HEC-2 WATER SURFACE PROFILES 

THIS RUN EXECUTE0 05SEP96 l l :16:08 

Vers ion  4.6.2; May 1991 
*****t******f***ff.****~~-***s*~+-*** 

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE I N  SUmARY OF ERRORS LIST 

NAME: NAV-RR.0AT 

SUMMARY PRINTOUT 

SECNO 

8.000 

9.000 

10.000 

11.000 

12.000 

13.000 

14.000 

15.000 

16.000 

17.000 

18.000 

19.000 

20.000 

21.000 

22.000 

23.000 

XLCH 

.oo 

70.00 

140.00 

120.00 

50.00 

53.00 

170.00 

105.00 

100.00 

100.00 

146.00 

90.00 

90.00 

140.00 

45.00 

93.00 



SECW XLCH HL 

NAME: NAV-RR.0AT 

SUMMARY PRINTOUT TABLE 150 

SECNO XLCH ELTRO ELLC ELMIN 

8.000 .OO . 00 .OO 2060.80 

9.000 70.00 .OO .OO 2054.00 

Q CWSEL CRIWS EG 

280.00 2064.36 .OO 2064.46 

102.00 2065.23 2065.23 2065.70 

102.00 2066.13 .OO 2066.45 

91.00 2066.85 .OO 2067.08 

91.00 2067.40 2067.40 2067.72 

PAGE 9 

PAGE 10 

VCH AREA .01K 

2.54 117.92 107.04 

5.52 18.48 11.80 

4.51 22.73 16.37 

3.81 23.86 10.51 

4.56 19.97 9.89 

4.71 19.31 9.97' 

4.79 19.00 10.14 

4.02 23.16 9.11 

4.44 18.45 8.87 

4.80 17.93 9.35 

3.76 15.67 6.01 

4.23 13.96 6.24 

3.72 15.88 5.98 

3.87 15.25 6.08 

2.10 14.27 6.25 

3.35 8.95 3.00 

3.46 8.67 2.98 

3.82 7.85 3.11 

PAGE 11 



NAME: NAY-RR.DAT 

SUMMARY P R I N T W T  TABLE 150 

SECNO DIFWSX DIFKWS 

. 00 . 00 

.87 .OO 

.91 . 00 

.72 .OO 

.54 .oo 

.48 .OO 

1.61 .OO 

1.91 .OO 

1.02 .oo 

.98 .OO 

1.86 .OO 

1.15 .OO 

.96 .OO 

2.55 .OO 

.41 .OO 

.98 . 00 

.91 .OO 

1.31 .OO 

XLCH 

. 00 

70.00 

140.00 

120.00 

50.00 

53.00 

170.00 

105.00 

100.00 

100.00 

146.00 

90.00 

90.00 

140.00 

45.00 

93.00 

68.00 

65.00 

SUMMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO- 9.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 9.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 9.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO. 11.000 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO= 12.000 PROFILEm 1 C R I T I C A L  DEPTH ASSUMED 

PAGE 12 



CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO= 

CAUTION SECNO= 

CAUTION SECNO- 

CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO= 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 

CAUTION SECNO= 

CAUTION SECNO- 

CAUTION SECNO. 

CAUTION SECNO- 

CAUTION SECNO= 

CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO= 

CAUTION SECNO= 
CAUTION SECNO- 

12.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

12.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

13.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 
13.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

14.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

14.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

15.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

15.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

15.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

16.000 PROFILE. 1 CRITICAL DEPTH ASSUMED 

16.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

17.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

17.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

18.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

18.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

19.000 PROFILE. 1 CRITICAL DEPTH ASSUMED 

19.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

20.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

20.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

21.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

21.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

23.000 PROFILE. 1 CRITICAL DEPTH ASSUMED 

23.000 PROFILE- I PROBABLE MINIMUM SPECIFIC ENERGY 

23.000 PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

24.000 PROFILE- 1 CRITICAL OEPTH ASSUMED 

24.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

25.000 PROFILE= 1 CRITICAL DEPTH ASSUMED 

25.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

25.000 PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 
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THIS RUN EXECUTED 11SEP96 08:30:46 
* .********* .** . . ** . *"*"*~~** ."*W~~~.*  

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1 9 9 1  
*.*.********...** .................... 

T 1  CASANDRO WASH 

T2 CLOMR STUDY (FUTURE CONDITIONS) FROM DAM S ITE  TO NAVAJO STREET 

T3 F I L E  NAME: DAM-NAV.DAT 

J1 ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 

150  3 8  3 9  11 



PAGE 2 

160 

104 
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1 
l lSEP96 08:30:46 PAGE 4 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH PRO8 ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WRI ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENOST 

'PROF 1 
0 

CCHV- . lo0 CEHV- .300 

*SECNO 26.000 

26.000 2.21 2085.84 .OO 2085.84 2086.50 .66 . 00 .OO 2088.00 
275.0 .O 275.0 .O .O 42.2 .O .O .O 2088.00 

.OO .OO 6.52 .OO .OOO .028 .OOO .OOO 2083.63 26.54 
.007190 0. 0. 0. 0 0 0 .OO 21.84 48.38 

'SECNO 27.000 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1.47 

*SECNO 28.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

28.000 2.12 2087.62 2087.62 
275.0 .O 275.0 .O 

.01 .OO 7.06 .OO 
.010582 100. 105. 105. 

*SECNO 29.000 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

29.000 1.57 2089.27 2089.27 
253.0 8.5 232.9 11.6 

.O1 2.63 6.56 2.99 
.009559 100. 100. 100. 

*SECNO 31.000 

7185 MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 
1 

l lSEP96 08:30:46 PAGE 5 

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEV 

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 



TIME VLOB VCH VROB XNL XNCH XNR WTN ELMlN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDS7 

'SECNO 35.000 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

35.000 2.44 2095.94 2095.94 .OO 2096.55 .61 2.96 .06 2098.00 

253.0 .O 253.0 .O .O 40.3 .O .8 .9 2098.00 

.04 .OO 6.27 .OO .OOO .028 .OOO .OOO 2093.50 85.63 
.011463 250. 252. 252. 3 2 0  0 .00 34.06 119.69 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1.46 

*SECNO 37.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 

3720 CRITICAL DEPTH ASSUMED 

37.000 .59 2103.09 2103.09 .OO 2103.25 .16 .87 .O1 2103.00 
187.0 .O 186.8 .2 .O 57.8 .3 1.1 1.3 2103.00 

.06 .05 3.23 .58 .040 .028 .040 .OOO 2102.50 29.15 
.016277 150. 151. 151. 2 0  14  0 .OO 183.31 212.46 

1 

l lSEP96 08:30:46 PAGE 6 

SECNO DEPTH CWSEL CRIWS WSELK EG HY HL o~oss  L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA. 
SLOPE XLOBL XLCH XLOBR ITRIAL IOC ICONT CORAR TOPWID ENDST 

'SECNO 37.500 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 8.98 





3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 16.01 

*SECNO 46.000 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

46.000 .78 2115.28 2115.28 .OO 2115.48 21 .02 .06 2116.00 

187.0 .O 187.0 .O .O 51.2 .O 3.3 3.2 2116.00 
.15 .OO 3.65 . 00 .OOO .028 .OOO .OOO 2114.50 55.05 

.016041 112. 100. 96. 20 21 0 .OO 128.05 183.10 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = .63 

*SECNO 48.000 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
I 

llSEP96 08:30:46 

SECNO DEPTH CWSEL CRlWS WSELK EG HV HL OLOSS L-BANK ELEY 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONS CORAR TOPWID ENDST 

3720 CRITICAL DEPTH ASSUMED 

48.000 .30 2119.30 2119.30 .OO 2119.42 .12 .43 .03 2120.00 
30.0 .O 30.0 .O .O 10.8 .O 3.6 4.2 2120.00 

.25 .OO 2.78 . 00 .OOO .028 ,000 .OOO 2119.00 270.15 
.018545 158. 155. 165. 20 8 0 .OO 45.23 315.38 

*SECNO 49.000 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

3720 CRITICAL DEPTH ASSUMED 

49.000 .35 2122.85 2122.85 .OO 2122.95 .10 3.62 .OO 2123.00 

30.0 .O 30.0 .O .O 12.1 .O 3.6 4.5 2123.00 
.27 .OO 2.48 . 00 .OOO .028 .OOO ,000 2122.50 423.86 

.021893 135. 180. 210. 20 11 0 .OO 68.16 492.02 

PAGE 8 



*SECNO 51.000 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

51.000 .48 2130.48 2130.48 
30.0 .O 30.0 .O 

.31 .OO 3.05 .OO 
.017705 195. 215. 212. 

..................................... 
HEC-2 WATER SURFACE PROFILES 

THIS RUN EXECUTED l lSEP96 08:30:48 

Version 4.6.2; May 1991 
..................................... 

NOTE- ASTERISK (') AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE I N  S U W R Y  OF ERRORS LIST 

NAME: DAM-NAY.DAT 

SUMMARY PRINTOUT 

SECNO 

26.000 

27.000 

28.000 

29.000 

31.000 

33.000 

35.000 

36.000 

37.000 

37.500 

38.000 

XLCH 

.oo 

32.00 

105.00 

100.00 

75.00 

200.00 

252.00 

110.00 

151.00 

23.00 

65.00 

PAGE 9 



SECNO XLCH HL 

NAME: DAM-NAV.OAT 

SUMMARY PRINTOUT TABLE 150 

SECNO 

26.000 

27 .OOO 

28.000 

29.000 

31.000 

33.000 

35.000 

36.000 

37.000 

37.500 

XLCH 

.oo 

32.00 

105.00 

100.00 

75.00 

200.00 

252.00 

110.00 

151.00 

23.00 

ELTRD 

.00 

.oo 

.oo 

.oo 

.00 

.oo 

.oo 

.oo 

. 00 

.00 

ELLC ELMIN 

.00 2083.63 

.OO 2083.80 

.OO 2085.50 

.OO 2087.70 

.OO 2089.50 

.OO 2092.00 

.OO 2093.50 

.00 2094.60 

.OO 2102.50 

.OO 2100.50 

CRIWS 

.oo 

.00 

2087.62 

2089.27 

2090.59 

2093.08 

2095.94 

.00 

2103.09 

. 00 

PAGE 10 

PAGE 11 

VCH AREA .01K 

6.52 42.20 32.43 

4.56 60.31 47.61 

7.06 38.96 26.73 

6.56 42.64 25.88 

4.66 54.23 21.82 

5.15 49.21 23.09 

6.27 40.33 23.63 

3.79 49.29 34.48 

3.23 58.12 14.66 

1.33 193.53 131.56 



NAME: DAM-NAV.DAT 

SUMMARY PRINTOUT TABLE 150 

SECNO 

26.000 

27.000 

28.000 

29.000 

31.000 

33.000 

35.000 

36.000 

37.000 

37.500 

38.000 

39.000 

41.000 

CWSEL 

2085.84 

2086.36 

2087.62 

2089.27 

2090.59 

2093.08 

2095.94 

2096.99 

2103.09 

2103.25 

2103.28 

2104.06 

2106.05 

XLCH 

.oo 

32.00 

105.00 

100.00 

75.00 

200.00 

252.00 

110.00 

151.00 

23.00 

65.00 

105.00 

205.00 

315.86 

36.61 

40.83 

33.36 

43.76 

286.22 

51.25 

40.59 

10.79 

12.10 

18.59 

9.84 

PAGE 12 



SUMMARY OF ERRORS AND SPECIAL NOTES 

WARNING SECNO- 27.000 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECND- 28.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 28.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 28.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTIDN SECNO= 29.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 29.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 31.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 31.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 35.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 35.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

WARNING SECND- 36.000 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 37.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO= 37.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 37.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

WARNING SECNO. 37.500 PROFILE- 1 CONVEYANCE CSANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 39.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 39.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

CAUTION SECNO= 39.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CNJTION SECNO- 43.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO; 43.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- 43.000 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- 44.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

PAGE 13 



CAUTION SECNO- 44.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 44.000 PROFILE- 1 20  TRIALS ATTEMPTED TO BALMCE WSEL 

WARNING SECNO- 45.000 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 46.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 46.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 46.000 PROFILE- 1 2 0  TRIALS ATTEMPTED TO BAWICE WSEL 

WARNING SECNO- 47.000 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- 48.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECND- 48.000 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- 48.000 PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECND- 49.000 PROFILE- 1 CRITICAL DEPTH ASSUMED 

CAUTION SECNO- 49.000 PROFILE= 1 20  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- 51.000 PROFILE. 1 CRITICAL DEPTH ASSUMED 

1 
l lSEP96  08:30:46 

CAUTION SECNO- 51.000 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

PAGE 14 



' I Appendix C :  Hydrologic and Hydraulic Calculations. 



COMPARISON OF HEC-1 DAM MODELS. MARlCOPA C O W  PREOUTFALL (DISI), MARlCOPA COUNTY POST OUTFALL (DISZ).CHZM-HILL'S DAM CONSTRUCTION (CHZX 
WICKENBURG AREA DRAINAGE MASTER STUDY WADM), CURRENT STUDY PREDEVELOPED (MCHP). CURRENT STUDY POST DEVELOPMENT (MCHD) 

3F 
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Hydrologic Design Manual 
for Maricopa County 

Rainfall 

RETURN PERIOD (YEARS) 
PARTIAL-DURATION SERIES . 

Figure 21 4 
Precipitation Depth versus Return Perlod for Partial-Duration Series 



0 100 200 300 400 500 

Area, square miles 

Figure 2.14 
Depth-Area Curve for Maricopa County 6-hour Storm 

Rainfall 



Depth-Area Relation 

Table 2.2 
Depth-Area Reduction Factors 

for 6-Hour Duration Rainfall 

, 
Use the depth-area reduction values from Figure 2.14 or Table 2.2 to correct the 
6-hour point rainfall depth from the isopluvial maps (Figures 2.2 through 2.7) for 
a11 flood studies in which the 6-hour local storm is the design rainfall criteria (see 
Table 2.1). , 

/ 

I Ifthe flood study is for the design of aretentionldetention facility for a small drainage 
area and the design rainfall criteria is the 100-year, 2-hour storm, then the point 
rainfall depths from Figure 2.1 are not to be reduced for area. This is because local V retentioddeteniion basins will be provided only for very small drainage areas and 
the point rainfail from Figure 2.1 is representative of the equivalent uniform depth 

4 of rainfall over the entire contributing area. 

If a general storm is the accepted design rainfall criteria (as opposed to the 6-hour 
local storm as defined in this manual), then the appropriate depth-area reduction 
curve will need to be defined to correspond with the rainfall duration and the 
temporal distribution of the general storm. Usually the general storm for use in 
Maricopa County is the SCS Type 11 24-hour design rainfall. Areal reductions for 
point rainfall forthis 24-hour storm should be performed using Table 2.la. The data 
for Table 2. la have been taken from Figure 15 of the N W S  HYDRO-40 (Zehr and 
Myers, 1984). For other general storms, the depth-area'reduction and temporal 
distribution will need to be performed on a case-by-case basis depending on the 
purpose of the study, location of the watershed, and other meteorological and 
hydrological factors. 

2.3.1 Procedure for Depth-Area Adjustment 
The following procedure is to be used with the 6-hour local storm rainfall depths 
(Figures 2.2 through 2.7): 

1. Determine the size of the drainage area. 

2-20 January 1,1995 



- - 

DRAINAGE AREA (SQ. MI.) 

Flgure 2.17 
Area Versus Pattern Number for Marlcopa County 



Table 2.4 

I 
I 
I 
I 
I 

. . .  . . :  :...:.. . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . .  . . . . . . . . . . . . . . . . . . .  

I June 1. 1992 



1 Design Storm Dlstrlbutlons 

Ir 1 , 30 
I 20 

I 10 

I 0 

0 .S 1 1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 

I TIME ELAPSED (HOURS) 

&Hour Mass C U N ~ S  for Marlcopa County 

I 
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Table 4-2a [A, RTIMP, and Percent Vege;ation (:over for Representative Land Llses in ,waricopa c~~~~~ 

W RTIbIP *' Percent ** ~ i i b ~ f i  
Land Use Catepov 
Aerieulture 
Very Lor Densiry Res~dentiai 

Low Densiry Residential 

Xedium Density Residential 

.\lulr~pIe Family Reeident~al 

Industrial 

Commerciul 

(inch-si 
0.5' 
0.3: 

0.3. 

0.25* 

0.25' 

0.15' 

0.1. 

MISCELLANE0US CATEGORIES= The~e zoninx un i t s  should  be evaluated on a c a j e b y  ce bsir 
PAD Planned Area De\.elupment PAD 1- 

i 
I 

Planned Area Dereiopment S Private School PD Planned Deveiopment Overlay PAD Planned Area Dereiopmenr 
Ps-c.1 Planned Neighborhood Shopping 
PSC-2 Planned Shopping Center 
IB Industrial Buffer C S  Planned Shopping Center PSC Planned Shopping Center 

P C 0  Planned C Offices PEP planned Employment Park 

PF 
! 

Public Facilities Su .' Special Uses 

XOTES SC hnior  Citizen Overlay PCD Planned Community Deveiopmen: 

Tnese d u e s  hare been selected to tit man? typical settings in .\Iancopa countv. - W P  Neighborhood Plan of Development 

(percent) 
0' 
5' 

15. 

30- 

45' 

55* 

80. 

H n ~ e r e r .  the en@neerhYdrolo@t should A L ~ A Y s  exaluate the specific 
in any particular 

ratershed far h?drologieal variations imm these typical 

RTI3IP = Percent Effective lmpenious hrea, ~ e l u d i n g ~ . ~ . \ ~ .  
?ereen[ Ver .  Corer = Percent regeration for pen,ousareaonlv 

RUP ! ~esidential  Planof Der.eiopment 
ILrP I  dustri rial Plan of Development 

R.0.W. Right of \Tag 
-, P-1 Parking. Open 

I P.2 Parking. Structures 

Yep. Cover 
85. 
30' 

50* 

50' 
' 

50' 

60' 

75' 

Chandle .. . M ~ i a  Tempe 
zoning  it ~~~~i~~~~~ County Phoenir. . " . 

Zoning F N ~  ~&cription Zoni?e Vnit Description Z o n i n ~  Unit ~escr ipGon AG 
z e t  Description 

Agriculture 
Zonina Unit ~es&iption 

A G I  Agriculture At; Agriculture AG Agriculture 
El-90 Single Residence RU?.ALi30 190.000 sq. n idre i l ing  unit s.1 w n e h  or Farm Res~denoai. > : 2; 
SP Suburban Ranch RLIqaL73 70,000 sq. ftidwelling unit s -2  Ranch o r  Farm Commercvi R1-13 Rural 

RURIL43 one aerddwelline unit  RE.^ Single Family. 1 acre m l n i r r  R135 Rural Residential SF-33 Single Famiiy ~ 1 . 3 5  Single Residence 111.35 single F ~ ~ ~ I , .  bsidential. RE-35 SF. 35.000 6q.n min. 

RI-20 SF, Residential 35,300 aq. fijdwellingmit RE-24 SF. 24.000 sq.ft min. . . SF-18 Single Family 
RI-15 R1-16 SFR, 18,000 sq. e lun i t  R1-18 SF. 18.000 sq.R min. - e RI-15 Sinele Residence R1-15 One Family Residential R1-10 ! R1-14 SF. 14.000 6q.a min. 

- .  SF-I0 Single Family K1-.4 Single Residence 
R1-8 R1-10 One Family Residential RI-ldt SFR, 10,000 sq. ff lunit  Rl-10 SF. 10.000 6q.n min. 

R1-7 - .  R1-8 One Family Residential Rl-8 SFR. 8,000 sq. ffiunit RI-8 SF. 8,000 q . f t  min. 
SF-7 Single Family 81.7 Single Residence RI-7 One Family Residential 

R1.F Single Residence R1-6 One Family Residential R1-6 SFR. 6,000 sq. fiiunit R1-6 SF. 6.000 sq.ft mi". 
R-2 TCIi.1 T o r n  Center. Single F a m i l  RO ResidencelOffice Duplex MF-1 - R-0 Res. Ofice 
R 3  

Aledium Density R-2 Restricted AIultiple Resid. R-2 Multi-Family Residential R.2 . 2 Family Res~dence 
Multi-Family. Apartments MF-2 R-2 

MF. 4.000 sq.flJunit 
Multi-Family 

R-4 R3  Limited hlultiple Resid. R-3R Multi-Family Restricted R3 , Multiple Family. Residential R 3  MF. 3.000 sq.AJunrr 
Afulti-Family.Genera1 MF.3 High Density 

R-5 
R-4 General Alultiple Rebid. R-3 Multi-Family Limited R-4 Multiple Family, Residential R-4 MF. 1500  sq-flfunit 

Townhouse Residential 
R-4 Multi-Farnil? General R-5 hlultipie Family, Residential R-4A MF. 1.000 6q.flfunil 

hIH hlobile Home R-Th Townhouse R-5 MF. 1,000 sq.ftlunit 
MH-1 

CTP 
Mobile Homes TCR-2 TC. Restricted Alulti-Res. RhIH Mobile Home Residence MHR . blanuiaetured Housing, Resid C P A F  Busaness Park 

Commercial Trailer Park TCR-:I TC. General Res. MHS Manufactured Housing Subd. R-H Resort District 

1.1 Garden Type Industrial -- T P  Trailer Park M-! -- 
1-2 

Limited industrial 
Light Indwtriaf 

1-1 Light Industrial IND PARK Industrial Park 
1-1 Light Industrial 

I 3  General Industrial 1-2 General Industrial A-1 Light Industrial 1-2 Light Industrial 
1-2 General Industrial hi.2 General Industrial I 3  H e a ~  Industrial I 3  ! Heavy Industrial C-1 Light Commerciai C-l - A-2 H e a y  Industrial 

Neighborhoodcommercial C-i 
C-2 

Neighborhood Comm. CCR Convenience Commercial C-1 NeighborhoodCommercial C-l Neighborhood Commerciai 
General Commercial c.2 Communiw Commercial C-2 Limited Comm. 

C;J C-1 Neighborhwd Commercial C-2 , Intermediate Commercial C-2 Intermediate Commercial 
Central Commercial c.3 Regional Commercial ~4 Generai Comm. C-2 General Commercial 

R S  C-3 General Commercial C-3 General Commercial 
Residential Services 

RCC 
0s Office-Sercives CCD Central Comm. District C.0 Commercial Ofice 

Residential Conveniences C-0 Commercial Off~ce TCJ TC.High Intensity hIixed Use HR High Rise District 
TCB-I TC. Limited CommiGeneral hlanufaeturing 
TCB-2 TC. General Comml Light h l a n ~ f a c t u r i n ~  



Sub Tot Area 
230 ' 438 , 







Recommend Methods for Estimating 
Rainfall Losses  

Vegetation Cover (Vc), % 

Figure 4.4 
Effect of Vegetation Cover on Hydraulic Conductivity 

For Hydraulic Soil Groups 6, C, and D, and for all Soil Textures 
other than Sand and Loamy Sand 

on canopy cover for trees and shrubs. Note that this correction can be applied only to 
soils other than sand and loamy sand. 

The influence of tillage results in a change in total porosity and therefore a need to 
modify the three Green Ampt equation infiltration parameters. The effect of tillage 
systems on soil porosity and the corresponding changes to hydraulic conductiv~ty. wetting 
front capillary suction. and water retention is available (Rawls and Brakensiek. 1983). 
Although this information is available, it is not presented in this manual. nor is it 
recommended that these adjustments be made to the infiltration parameters for design 
purpose use in Maricopa County, because for most flood estimation purposes it cannot be 
assumed that the soil will be in any particular state of tillage at the time of storm 
occurrence and therefore the base condition infiltration parameters. as presented. should 
be used for flood estimation purposes. However, appropriate adjustments to the 
infiltration parameters can be made, as necessary, for special tlood studies such as 
reconstitution of storm events. 

4-1 4 January 1, 1995 



-. - . - 
Rainfall Losses 

- 
Hydraulic Conductivity (XKSAT) in inches/hour 

Rgure 4.3 
Composite Values of PSlF and DTHETA as a function of XKSAT 

(To be used for arect-weighted averaglng of Green and Arnpt parameters.) 

Jure ! 15E.2 
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Sub-bas 
230 
235 
230A 
240A 
2408 
240G 
2400 
240E 
240F 
240G 
240H 
2401 
240J 

LDR MDR 



I I VLV. 

I 
Sub-basin 

230 

high elev 

2542 

low elev 

2210 

DELT H 

332 

Slope (Wrn) 

130.48 

Slope (ft/ft) 

0.0247 

C>S?,,-~ 



Unit Hydrograph Procedures 

Rgure 5.4 
Slope Adlustment for Steep Watercourses In Natural Watersheds 

(Source: Dralnage Crlterla Manual, Urban Dralnage and 
Flood Control Dlstrlct, Colorado, May 1984.) 
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Spillway Discharge 

2158 21 60 
Elev 



Prole  CAssANWA WASH OUTFALL 
Hydmul~c wade llne compvfedfor bbuinsbrm rararon'all 

Stabon O w  Inv D E l w H G L  slope 
145+6433 ZOU.2 4 2068 OM5294 

140t83 2056.72 4 2062 175 OW5294 
M W  

140r83 2055.82 4 2061.521 0.009597 

138+40 2058.21 4 M63.943 0.009597 
M W  

138+40 2058.31 4 MS3W 0.009133 

135+40 2061.05 4 2066.251 0~009133 
GRADE BR 

35+40 2061.05 4 2067.11Z2 OM29U 

33+60 2061.88 4 2068737 O.MZ944 
M W  

33.60 2061.78 4 2068881 o m  

3040 2062.9 4 2071.743 00M5 
M H n  

3040 2063 4 2068.797 0015938 

2SrM) 2069.69 4 207409 0.013938 
M W l  

25160 2069.78 4 2078.249 OW792 

25+12 20702 2076941 OW792 
BEND 

13r20 20702 4 2078142 0.012767 

ID120 2074.03 4 M80.825 0.012767 

hmh 

010635 

010635 

0 

0144371 

0 

010635 

0 

010635 

0 

Elev EGL 
2060 

2084.302 

~ . 4 c a  

206673 

2066.837 

2068.149 

2068148 

m o m  

2071.W 

2073.87 

2073 076 

m78269 

2078376 

2079.m 

2081.939 

2084623 
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BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

July 11, 1996 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE .................................................................... .................. Culvert Span Width of 0 ening) (feet t 10.00 ................ Culvert Rlse [Height of gpenin ) (fee ) .  5.00 
FHWA Chart Number (8 9,10,11,1? or 134 .................. 8 ....... Scale Number on chart (T pe.of Culver Entrance). 8 1 ............... Manning's Roughness Coef lclent (n-value) 0.0120 
Entrance Loss Coefficient of Culvert Opening ............ 0.20 
Culvert Length $feet) ................................... 42.0 .................... Culvert Slope ( eet per foot)....... 0.0019 

.................................................................... .................................................................... 
BOX CULVERT ANALYSIS COMPUTER PROGRAM Version 1.4 Copyright c) 1986 
Dodson & Associates Inc., 7015 W. Tidwell, #107, Houston, X 77092 
(713) 895-8322. All kights Reserved. 

& 
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ikano !5:0;e?:-i3ro ? - , S F ~  ,6fiz)z:;.-::: 
FAX !52Cid85-5:73 F;lX EC2::52-;133 

~. . . , . . .  ..,? - .... .; ... .,,cc::r- :..:, -. \ ... - 
J C ~  NG, 2 , 1 ,  Sht .  .- 4 ,. 
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BOX CULVERT ANALYSIS 
COMPUTATION OF CULVERT PERFORMANCE CURVE 

July 10, 1996 

PROGRAM INPUT DATA: 
DESCRIPTION VALUE __________-_-----_- ___________________--------------_--------------- 
Culvert Span Width of 0 ening) (feet 8.00 .................. ................ Culvert Rlse {Height of gpenin ) (feel). 10.00 
FHWA Chart Number (8 9,10,11,19 or 131 8 
Scale Number on chart (Tpe.of Culver Entrance). 

.................. 
1 ....... 

Manning's Roughness Coef lclent (n-value):.............. 0.0120 
Entrance Loss Coefficient of Culvert Openlng............ 0.20 ................................... Culvert Length &feet) 50.0 
Culvert Slope ( eet per foot)........................... 0.0140 

.................................................................... 
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.NAVAJO TO RR X-ING 

Geom: Navajo St to RR Xing 
Riv Sta = 9 Encroachment Method #1 
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

R'N Sta = 10 Encroachment Method #1 
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

R'v Sta = 11 Encroachment Method #1 
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

Riv Sta = 14 Encroachment Method # I  
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

RN Sta = 16 Encroachment Method # I  
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

RN Sta = 17 Encroachment Method #I 
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NAVAJO TO RR X-ING 
Georn: Navajo St to RR Xing 

R'v Sta = 18 Encroachment Method #1 
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NAVAJO TO RR X-ING 
Geom: Navajo St to RR X-ing 

R'N Sta = 19 Encroachment Method#l - -04 p ,022 .04 4 
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