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Enclosed is the Design Concept Report for the Casandro Wash Dam 
Project Outfall System. This report was prepared to determine a 
feasible solution to reduce and/or totally remove the floodplain 
along Casandro Wash downstream of the proposed dam. The report 
evaluates the future runoff conditions from the 100-year event, 
considering that the proposed dam captures all of the 100-year 
runoff from its contributing watershed. 

This project was authorized by the Board of Directors on May 17, 
1993 under Resolution FCD 93-04. After the adoption of this 
Resolution, the District entered into an Intergovernmental 
Agreement (IGA) with the Town of Wickenburg, IGA FCD 93009; this 
IGA defined the cost-sharing, operations and maintenance 
responsibilities of the Casandro Wash Dam Project. The Outfall 
System is only one component of the Project. Under the terms of 
the IGA, the District agrees to fund the design and construction 
of the Outfall System, and the Town of Wickenburg agrees to 
operate and maintain the Outfall System. 

This Report was prepared by a team comprised of in-house staff 
members from various Departments/Divisions. They are as follows: 
Raju Shah, Engineering Division; Sandy Story, Pedro Calza, Jan 
Opstein,and Ning Mao, Hydrology Division; and Marta Dent, Francis 
Crosby, Annabel Montoya-Cooper, GIs Department. The team 
approach taken on this project proved to be very successful and 
rewarding for myself and all of the team members. 

On behalf of the team, I would like to thank Stan Smith for 
allowing us the opportunity to work on this important flood 
control project, and I would also like to thank Ed Raleigh, Dave 
Johnson, and Tom Lamarche for sharing members of their 
Departments/Divisions to,work on this project. 
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EXECUTIVE SUMMARY 

Casandro Wash floodplain includes approximately 99 buildings including residential homes, 
commercial and public buildings. Floodwaters hinder residents and emergency vehicles access to 
and from the residences during rainfall events. The Flood Control District (District) is planning a 
flood control project to reduce the 100-year floodplain of Casandro Wash. The planned project 
consists of two independent elements: 1) an earthen dam (flood retarding structure) to be located 
on Casandro Wash upstream of Mariposa Drive which will be maintained by the District and 2) 
an outfall system to convey the flows from the dam's principal outlet works and the runoff from 
the area below the dam to Sol's Wash which will be maintained by the Town of Wickenburg 
(Town). 

Hydrology was performed for both the 6- and the 24-hour storms to determine the peak flows for 
the lo-, 25- ,50-, and 100-year events using the Clark method. The 6-hour storm produced the 
highest peak flows. The 50- and 100-year flows at the inlet to the Outfall System were estimated 
to be 274 and 317 cfs respectively. The inlet to the Outfall System will be located immediately 
downstream of the box culvert at the intersection of Navajo Street and Jackson Street. The 
existing wash between the proposed damsite and the inlet has the capacity to convey the post 
dam runoff, and the roadway crossings between the proposed dam and the beginning of the 
outfall system have low flow culverts that are sized for events greater than the discharges that 
will come from the dams principal outlet works. The Town has agreed, IGA FCD 83009, to 
adopt a special zoning district to prohibit the building of any permanent structures in the 
streambed of the existing wash between Mariposa Drive and Navajo Street. 

Various outfall alternatives were analyzed to determine their hydraulic capacities and their 
construction cost estimates. Hydraulic analyses were performed for both the 50- and 100-year 
events. Because of the limited available head and the shallow cover for a storm drain between 
the inlet of the outfall system and Sol's Wash, a large shallow box culvert would be required in 
order to maintain the hydraulic grade line (H.G.L.) underground for the 100-year event. A 
floodplain delineation was performed for the difference of the 100-year and the 50-year flows; 
the analysis determined that the floodplain could be maintained within the existing rights-of-way 
except for a few properties. Twin 48" pipes were determined to be the most feasible alternative. 
The H.G.L. for the 48" pipes stays underground except for a stretch downstream of the railroad 
which is in the floodplain of Sol's Wash. 

From the inlet, the alignment selected for the outfall system in Jackson Street is on the south side 
of the road and in Mohave Street it is on the east side of the road following the alignment of an 
abandoned 8" sanitary sewerline. Beyond the intersection of Mohave Street and Jefferson Street, 
the alignment will run on the west side paralleling an existing sanitary sewerline to Sol's Wash. 
Most of the alignment can be accomplished within existing Town rights-of-way except for the 
portion north of Jefferson Street where a permanent easement and a license to bore underneath 
the A.T. & S.F. railroad rights-of- way will have to be acquired . 



1.0 INTRODUCTION 

Casandro Wash is a tributary of Sol's Wash that begins in the Vulture Mountains which are 
located southwest of the Town of Wickenburg. The wash conveys flows in a northeasterly 
direction to the Town on the way to its outfall. The floodplain from Casandro Wash includes 
approximately 99 buildings including residential homes, commercial and public buildings (See 
Figure lon page 2). 

Resolution FCD 93-04 authorizes the Flood Control District (District) to plan a flood control 
project to reduce the 100-year floodplain of Casandro Wash and to negotiate 
Interngovernmental Agreements (IGA's) with others as necessary to define obligations and 
responsibilities for developing, cost-sharing construction, and the operations and maintenace 
of the project(s). The planned project consists of two independent elements: 1) an earthen 
dam (flood retarding structure) to belocated on Casandro Wash upstream of Mariposa Drive 
to attenuate the runoff from the 100-year event and 2) an outfall system to convey the flows 
from the dam's principal outlet works and the runoff from the area below the dam to Sol's 
Wash (See Figure 2 on page 3). 

The DISTRICT has contracted with an engineering consultant, CH2M Hill, to design a dam 
on Casandro Wash approximately 1500 feet west of Mariposa Drive. The dam is to be sized 
to impound the 100-year runoff and allow the runoff to be discharged through an ungated 
principal outlet. The flows from the principal outlet are planned to drain the dam within ten 
days and not be in excess of 20 cfs. Releases from the dam's principal outlet will be 
discharged back into Casandro Wash where they will continue flowing downstream towards 
Sol's Wash. The District will design the second element, the outfall system, in-house. 

The District and the Town of Wickenburg entered into an IGA, IGA FCD 93009. Under the 
Agreement, the Town will accept the operation and maintenance responsibilities of the outfall 
system once it has been constructed and the District will fund the construction of the outfall 
system. The Agreement also defines other responsibilities and obligations relative to the dam. 
An improtant issue relative to the overall project is that the Town agrees to adopt a special 
zoning district to prohibit the building of any permanent structures in the spillway below the 
proposed dam and in the streambed of the existing wash between Mariposa Drive and Navajo 
Street. 

The purpose of this study, Design Concept Report for Casandro Wash Outfall, is to determine 
a feasible solution for an outfall system. An outfall system for the Casandro Wash Project is 
necessary to further reduce the 100-year floodplain that includes residents along Jackson 
Street and Mohave Street; it will also allow the Town of Wickenburg to pave Jackson Street 
and Mohave Street, the only unpaved roads in the neighborhood. 

This Report provides a presentation of the flooding problems along Casandro Wash and 
describes the site conditions. Then the results of the hydrology for the Casandro Wash 
watershed downstream of the proposed dam was calculated using various computer models 
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including HEC-I and presented. Once the amount of runoff was determined, the remainder 
of the wash below Navajo Street was modelled using the post dam hydrology under the pre 
and post outfall system conditions using the HEC-2 program to determine if any floodplain 
remained. Along with the floodplain analysis of the wash, various outfall alternatives were 
analyzed to determine their hydraulic capacities and their different construction cost estimates. 
Finally, cost estimates of the various alternatives were assembled and a preferred alternative 
selected. 



2.0 PROBLEM 

A number of studies have been performed for Casandro Wash, and the studies reviewed have 
concluded that a dam is the preferred solution to remove the flooding potential that exist for 
residents along the wash. The most recent study completed by the U.S. Army Corps of 
Engineers, Hassavampa River Near Wickenburg, Arizona - Reconnaissance Report dated 
January 1993, also recommended that a dam be constructed on Casandro Wash. 

The pre-dam peak runoff for Casandro Wash is approximately 1800 cfs at Sol's Wash 
according to the Hassavampa River Near Wickenburg, Arizona - Reconnaissance Report. 
Construction of a dam upstream of Mariposa Drive (element 1) would significantly reduce the 
flows and the floodplain downstream, but it does not totally eliminate it (See Pocket 1 in 
Appendix ID). Principal discharges from the dam's principal outlet works and runoff from 
the area below the dam still pose a threat of flooding from the 100-year event along the lower 
portion of the wash. The lower portion of Casandro Wash (See Figure 3 on page 6) utilizes 
Jackson Street and Mohave Street to convey the runoff as it travels through a residential 
neighborhood known as the "Reed Addition" on its way to Sol's Wash; the natural wash ends 
at the intersection of Navajo and Jackson Streets. 

Floodwaters hinder residents and emergency vehicles access to and from the residences during 
rainfall events. The wash also transports and deposits large amounts of sediment on the 
roadways; removing this sediment from the roadways is a continual maintenance problem for 
the Town of Wickenburg. When the wash is not flowing, the unpaved roads through the 
neighborhood create a dust problem which poses health and environmental hazards to 
residents of the area. The Town of Wickenburg is unable to pave Jackson Street and Mohave 
Street until an outfall is constructed because the flows over the roadways would erode the 
pavement; Town officials have stated that they will apply for Block Grant Funds to finish 
paving the roadways once the outfall is in place. 

3.0 SITE CONDITIONS 

3.1 Topography 
The watershed for Casandro Wash begins outside of the Town of Wickenburg. Basin 
elevations range from 2053 to 2400 feet. The wash is approximately 3 miles in length 
and is normally dry. The terrain in the upper portion of the watershed consists of 
steep mountainous terrain with highly impervious soils. Most of the watershed is 
sparesly vegetated with Sonoran desert vegetation. Leaving the steep terrain, the wash 
crosses underneath U.S. Highway 60 as it heads northeasterly towards Sol's Wash 
(See Figure 4 on page 7). 

The proposed dam is to be constructed downstream of U.S. Highway 60 in the lower 
terrain aproximately 1500 feet west of Mariposa Drive. Casandro Wash between U.S. 
Highway 60 and Navajo Street is a well defined wash with a sandy bottom. The 
proposed dam will be retarding the runoff from the 100-year runoff and limiting 
discharges into Casandro Wash to 20 cfs. 



Figure 3. Lower Portion of Casandro Wash 
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There are two low-flow crossings between the proposed damsite and igginnin 0 the proposed outfall system: Mariposa Drive and Cucaracha Street. Ea ese 
roadway crossings has 4 - 36" x 22" CMPA culverts to handle low-flows. The 
capacity of these crossings is 120 cfs and 100 cfs respectively. The prolonged 
discharge of 20 cfs from the dam that will occur from major events will not cause a 
problem to any of the roads or roadway crossings downstream of the dam. 

The natural wash of Casandro Wash ends at Navajo Street where the neighborhood 
roadways through the neighborhood function as the wash. This is the lower portion of 
the wash which bisects the area known as the "Reed's Addition." 

3.2 Utility Conflicts 
The alignment for the outfall system begins at the downstream side of the concrete 
box culvert at the intersection of Navajo Street and Jackson Street. From here, the 
outfall system runs southeast in Jackson Street until it reaches Mohave Street where 
the outfall system makes a turn to the northeast and stays in Mohave Street until it 
reaches Jefferson Street. At Jefferson Street, the proposed outfall system parallels the 
Town's existing sanitary sewer to Sol's Wash (See 2 on page 3). 

A number of existing utilities reside in the alignment of the proposed outfall system. 
Near the beginning of the outfall system a portion of existing 10" sanitary sewerline 
will have to be relocated in order to construct the inlet structure. The sewerline 
relocation at this location is also necessary to avoid having to be bridge a large section 
of existing sewerline to facilitate construction of the outfall system. Another utility 
that may have to be relocated in Jackson Street is a 1 114" to 2" gasline that runs east- 
west and is located on the north side of Jackson Street. Altough it may be possible 
that the outfall system can be constructed between the relocated sanitary sewerline and 
the gasline. 

The alignment selected for the outfall system in Mohave Street is on the east side of 
the road between an existing 2" waterline and 12" sanitary sewerline. This alignment 
follows the alignment of an abondoned 8" VCP sanitary sewerline; the abandoned line 
will have to be removed with this project. Other utilities that will require relocation in 
this section are sanitary sewer and water service connections. The existing sewerline 
has approximately 8-10 feet of cover over it; this will allow enough room for the 
sanitary sewer connections to go under the proposed outfall system. Because the 
proposed outfall will have on average of 2' of cover, it will not be possible for 
services to be placed over the outfall system. 

From Jefferson Street to Sol's Wash, @ oes not appear to be any conflicts with 
existing utilities. Just south of the rail ad track, the outfall system crosses from the 
east side of the sanitary sewerline to the west side. The outfall system at this location 
will cross easily over the sanitary sewer. Just beyond this crossing the outfall system 
will have to be jacked approximately 100' feet to clear the railroad tracks. The A.T. 
& S.F. Railway Company operates three tracks at this location that cannot be taken 
out of service for the construction of the outfall. 



3.3 Right-of-way and Easements 
Most of the alignment can be accomplished within existing Town rights-of-way. The 
only area where there is no rights-of-way for the proposed outfall system is from a 
few hundred feet south of the A.T & S.F. R.R right-of-way to the Sol's Wash. At the 
south right-of-way, the abandoned section of sewerline ends that is centered in the 
easement ends and the remaining sewerline remains centered in the easement to Sol's 
Wash. 

The planned alignment of the proposed outfall system for the stretch from the south 
right-of-way of the A.T & S.F. RR will parallel the sanitary sewer easement on the 
west side. The existing easement is a permanent sewerline easement that is 20 foot 
wide with an 18" sanitary sewerline centered in the easement. An additional 10 - 15 
foot wide easement will be necessary to construct the proposed outfall system along 
this stretch to Sol's Wash. Prior to the south right-of-way line of the A.T & S.F. RR, 
the alignment of the proposed outfall system will be able to remain centered in the 
existing easement at the same location as the abandoned 8"sanitary sewerline. 

4.0 HYDROLOGY ANALYSIS 

The hydrology for the Casandro Wash watershed below the proposed dam has been 
completed and is based on existing conditions (post dam). It models the pre and post outfall 
system. This in-house study is being conducted to perform the hydraulics for the outfall 
system design (the design of the dam has been contracted out). The watershed sub-basin 
parameters were estimated in conformance with the Hydrology Manual, and the procedures 
used for estimating the parameters are contained in the following sections. 

The hydrology for this area has been analyzed and studied as part of the Wickenburg Area 
Drainage Master Study (ADMS) . The study was prepared by Black & Veatch, and Coe & 
Van Loo Engineers. Though the Casandro Wash watershed was originally delineated for 
hydrology within the ADMS, it was only delineated into three sub-basins. This hydrology 
was not detailed enough for our analysis. Therefore, new hydrology was developed to 
determine the peak flow downstream of the d& at major points of concern, such as 
confluences with streets. 

The base mapping used for the watershed delineation consists of detailed 2' contour mapping 
which was flown in early 1991 by McLain Harbers Co., Inc. for the Wickenburg Area 
Drainage Master Study. Digitized HEC-2 cross sections for Casandro Wash were used as a 
basis for routing peak flows between concentration points. The digitized cross-sections were 
obtained by Flood Control District GIS personnel using the Wickenburg Area Drainage 
Master Study mapping. 

4.1 Hydrograph Methodology 
The Clark Unit Hydrograph method was used to determine peak flows for the Casandro 
Wash watershed. This was based on the size of the watershed as well as a comparison 
with other methods. A more detailed explanation of this analysis is discussed in the 
Final Results/Conclusions section. The total watershed area below the proposed dam is 
1.55 square miles ( See Table 1 next page for input parameters for the Clark method). 



TABLE 1 INPUT PARAMETERS 
CLARK METHOD 

f A m  Elow Peih KB 

4.2 Parameter Estimation 

4.2.1 Drainage Area Boundaries 
The watershed was broken down into 11 sub-basins (See Drainage Area Map in 
Appendix 11). The criteria for delineating the watershed into sub-basins was to 
obtain peak flows at confluences with streets. This resulted in nine 
concentration points where the wash intersected with major roads, and at the 
downstream end where the AT&SF Railroad crosses the wash. These sub- 
basins varied in size from 0.13 square miles (SC240A), the largest sub-basin 
located just above the proposed dam site, to 0.01 square miles (SC240F & G), 
which are the smallest sub-basins located within the most populated area. 

4.2.2 Physical Parameters 
Time of Concentration -The time of concentration for each sub-basin was 
estimated using the equation given in the hydrology manual. The variable 
"L" was set equal to the flow path length for each sub-basin. The resistance 
coefficient was estimated for each sub-basin using Table 5.1 in the Hydrology 
Manual by assigning areas to either Type A (minimal roughness: 
commerciaVidustrial areas or residential areas) or Type B (moderately low 
roughness: desert rangeland or undeveloped urban area). Estimated resistance 
coefficients and lengths for each sub-basin are listed in Table 1. 

Landuse Characteristics - The landuse characteristics of the watershed were 
divided into two types to evaluate surface retention loss (IA): desert and 
rangeland, and developed desert landscape. The delineation between the two 
different landuse types was evaluated using engineering judgement. The 
judgment was based on physical observations of the watershed. 



The surface characteristics were used to determine a composite value. The 
initial abstraction values for each landuse type were taken from Table 4.1 of 
the Hydrology Manual. The percentages of each landuse type present in each 
sub-basin were determined and are listed in Table 2. 

TABLE 2 SURFACE RETENTION LOSS 
(1.4) 

Soils Parameters - Green & Ampt Parameters -Soil within this watershed is 
composed of the Eba-Continental-Cave association. The entire watershed is 
contained within the map unit #38 of the Aguila-Carefree Soil Survey. Map 
unit #38 consists of very gravelly loam, to clay, to loam. The XKSAT value 
for this map unit is 0.13 as given in the Hydrology Manual, DTHETA is equal 
to 0.19, and PSIF equal to 7.14. 

The zoning classifications for this watershed were obtained from Exhibit B for 
each sub-basin to determine the percent impervious area (RTIMP). Each 
area was planimetered to determine its percentage, and a composite for 
percentage impervious area was determined for each sub-basin. 

Normal-Deoth Routing - The normal-depth routing option in HEC-1 was used 
to route the flood hydrographs. Digitized HEC-2 cross sections for Casandro 
Wash were used as a basis for routing peak flows between concentration 
points. 

Transmission Losses - Because of the small size of the watershed, 
transmission losses were not incorporated into the HEC-I model, and do not 
substantialky reduce the 100-year peak flow. 



4.2.3 Precipitation 
This study is based on the 100-year storm recurrence interval. Both the 6 and 
the 24 hour storms have been studied to determine the maximum peak outflow 
to delineate the Casandro Wash floodplain. For the final peak flows, the 
MCUHPl program was used to produce input for HEC-1. The 6-hour storm 
was found to produce the higher peaks. The 10, 25 and 50 year storms were 
also analyzed for design purposes (See TABLE 3 ). The point precipitation 
values were determined from the set of isopluvial maps in the Hydrology 
Manual. 

TABLE 3 CLARK METHOD 
RUNOFF FOR 10-YR, 25-YR, 50-YR, 100-YR 

4.3 Final Results/Conclusions 
The S-Graph method was used in the Wickenburg Area Drainage Master Study. It was 
evaluated to compare its results with those obtained with the Clark method. Peak flows 
produced were unrealistically high. For another comparison, the rational method was 
utilized and compared (see Tables 4 & 5 on following page). The rational method will 
normally produce the highest peak flows for a sub-basin. When the results of the 
rational method were compared to those of the Clark and S-Graph methods (see Table 6 
on page 14), the results indicated that the S-Graph method yielded the highest results, 
the rational method next, with the Clark method closely following the rational method. 

After analyzing the results and evaluating the uses for each method, it was concluded 
that the results of the Clark method be used in this study as shown in TABLE 3 . 
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TABLE 6 COMPARISON OF 
100 YEAR PEAK FLOWS (cfs) 

5.0 FLOODPLAIN HYDRAULICS 
/ %  

%' 
br 

PHOENIX 
MOUNTAIN 

S-GRAPH 

A hydraulic analysis of the lower portion of Casandro Wash has been performed (downstream 
of Navajo Street, see Figure 3 on page 6). Cross-sections were derived from mapping that 
was compiled photogrammetrically from aerial photos by Aerial Mapping Company, Inc taken 
on June 18, 1993. Field surveys were also conducted to verify the topographic mapping. 

5.1 Method Description 
Water surface elevations for the 100-year recurrence interval (post-dam) were computed 
using COE HEC-2 Step Backwater Computer Program. The starting water surface 
elevation for Casandro Wash was determined using the HEC 5 Chart 1 (see computation 
in Appendix 111) to determine the head (H) required for inlet control at the equipment 
pass at the railroad crossing as the control section. The equipment pass is a 10' x 10' 
concrete box culvert with wingwalls. 

PHOENIX 
VALLEY 
S-GUAPH 

Cross Section locations used for the hydraulic analysis are shown on Figure 1 of 
Appendix 111. The area immediately upstream (south) of the railroad crossing and west 
of Mohave Street is a naturally depressed area. The hydrologic modeling did not take 
into account any attentuation at this location. Because of the topography, this area 
ponds water before it is able to drain underneath the railroad tracks and therefore, it will 
not be removed from the floodplain by this project. 

C L M K  RATIONAL 



5.2 Parameter Estimation 
Channel and overbank roughness factors (Manning's "nu) used in the hydraulic 
computations were chosen by engineering judgement and were based on field 
observation of the stream and floodplain areas. The channel "n" values for the study 
area range from 0.020 to 0.030 and the overbank "n" values range from 0.040 to 0.70. 
A Manning's "n" of 0.012 was used for all finished concrete structures. 

5.3 Floodplain Modeling 
The hydraulic analysis for this study was based on unobstructed flow. Flow profiles 
were not compared to historical events since no information exists with which to make 
this comparison. The low-flow crossings at Mariposa Drive and Cucaracha Street were 
analysed using Tables from HEC 5 and found to be capable of passing the principal 
discharges from the dam without overtopping the roadways (See Appendix 111). 
Because the low-flow culverts at Mariposa Drive and Cucaracha Street and the existing 
wash between the dam and Navajo Street can handle the principal discharges, this 
stretch of the wash was not included in the outfall project. 

6.0 OUTFALL HYDRAULICS 

The purpose of the outfall is to convey flows from Casandro Wash to the Sol's Wash, 
beginning at the intersection of Navajo and Jackson Streets. This will reduce the runoff that 
flows down Jackson and Mohave Streets. Because of the construction of a dam on Casandro 
Wash upstream of Navajo Street and the construction of this outfall system, the floodplain 
through this area will be reduced significantly. The proposed project requires the construction 
of an inlet structure to capture the flows from Casandro Wash. The inlet structure will be 
constructed downstream of the box culvert at Navajo Street and will prevent flows from 
entering the neighborhood streets. These flows from Casandro Wash will be captured by the 
inlet structure and will be conveyed through a storm drain system directly to Sols Wash. 
Stubouts for catch basins will be provided to capture local runoff from the streets; the stubout 
placements and catch basin sizing will be performed by the Town's engineer. The Town of 
Wickenburg intends to pave the roads after the storm drain is in place and construct the catch 
basins. 

6.1 Inlet Structure 
A grated inlet structure will be constructed to intercept the %-year flows from Casandro 
Wash and from the swale next to the box culvert near the intersection of Navajo and 
Jackson Streets. A retaining wall will be constructed on the north side of the existing 
channel. The flows will be contained between the existing retaining wall on south side 
and the proposed retaining wall on the north side. The inlet structure will be 
constructed between these two retaining walls approximately 30' downstream (measured 
from the centerline of the box culvert) of the existing box culvert. This location has 
been selected to take advantage of the existing wall and the alignment of the box 
culvert. The channel invert between the outlet of the existing box culvert and the 
proposed inlet structure will be lined with concrete or shotcrete to prevent erosion. 



The hydraulics of the inlet structure was based on weir flow equation and orifice 
equation listed below: 

................................. . Q = C*P*HA(3/2) weu (1) 

.......................... Qorifice = C*A*(2*G*H)"0.5 (2) 

Where, 
Q= Discharge in cubic feet per second (cfs) 

C = 3.0 for weir flow and 0.67 for orifice flow 

P = Perimeter of grates in ft (actual perimeter x .75 for clogging). 

A = Clear opening area of grate in sq-ft (actual perimeter x .5 for clogging) 

g = 32.2 ftlsecA2 

H = Head, depth of water in ft. 

The Q is calculated based upon various depth of flow from the weir and orifice 
equations. The results were plotted on a graph with Q on the vertical axis vs. H on the 
horizontal axis (See Figure 1 & 2 in Appendix N). The weir flow regime governs for 
the flows less than --cfs. The head required to convey 294 cfs (Q50) into the catch 
basin is x.0 ft based on using x grates (See Table , Appendix IV. Since the design HGL 
for the pipe is below ground, its HGL will not affect the operation of the catchbasin. 
The opening of the inlet consists of 8 - 4' x 3' grates to capture the design flow of 294 
cfs. 

The field investigation reveals that there is a sediment problem at the vicinity of the 
existing box culvert; after the dam is built upstream , the deposition of sediment will be 
reduced by a large amount. Also, the storm drain has been designed to flow at high 
velocities to carry the sediment load and promote self-cleaning. Although, the concept 
of building a sediment trap just upstream of the existing box culvert may be evaluated at 
a later date. 

6.2 Storm Drain 
Different alternatives were analyzed to convey the flows to Sols Wash: a single box 
culvert and dual pipe culvertsof different sizes. Four different design frequencies were 
analyzed for the above listed options: a 10-yr, 25-yr, 50-yr, and 100-yr. The HGL was 
analyzed for two different scenarios: 1) HGL began at Elevation 2060' assuming that 



Sols Wash is flowing full, 2) HGL began at the average of critical depth and the height 
of box or pipe culvert plus the elevation of the storm drain outlet invert. 

The hydrology for the Sol's Wash at Casandro Wash indicates that both wash's do not 
peak coincidentally. Therefore, the beginning HGL used for the preferred alternative 
assumed Sol's wash to be empty when Casandro Wash's 100-year event peaks. 
Hydraulic calculations for both assumptions and the final HGL elevations are attached in 
Appendix IV. These calculations are done for both concrete single box culvert and for 
the dual concrete pipe alternatives. The minimum cover used for the pipe is two feet 
and one foot for the box. In Appendix N, Table 1 through 16 shows the HGL 
calculations, and table 17 and 18 are for cost comparisons. 

6.3 Pipe Losses 
The total losses through the pipetbox included friction losses, manhole losses, and bend 
losses. The total losses were calculated by summing fall of the above losses. 

The friction losses were calculated by equation given below: 

................... Sf = (Q * n )/(1.484 * A * RA(2/3)) 
and 

Hf = Sf * L ........................................... 

The manhole losses were calculated by equation given below: 

where Km = .05, g = 32.2 ft/secA2. 

The bend losses were calculated by the following equation: 

where Kb = 1.35, g = 32.2 ft/secA2. 

The HGL has been kept minimum 1' below the ground. The inlet location and sizing 
has not been analyzed. The Town of Wickenberg intends to pave the streets in the 
vicinity of this project. Manholes will be provided every 500 feet to provide access for 
maintenance. The Town of Wickenburg may construct catchbasins along the outfall 
system to collect local runoff from the streets at a later date. 



7.0 CONCLUSION AND RECOMMENDATIONS 

O u r  recommendation is to convey the 50-yr event using dual concrete pipes. 

The conclusion reached from this report is to provide enough capacity in the outfall 
system for the the 50-year runoff. The recommendation is that dual 48" pipes be 
installed to convey flows from Casandro Wash from the intersection of Navajo Street 
and Jackson Street to Sol's Wash. The flows in excess of the 50-year runoff will 
continue to flow along their historic path, Jackson and Mohave Streets, to Sol's Wash. 
A drop inlet should be constructed immediately downstream of the existing box culvert 
at Navajo Street to capture the flows. The inlet structure should allow for flows in 
excess of the design event to be directed back into the roadway. Connector pipes 
should be installed along the system so that the Town of Wickenburg may construct 
catch basins to collect surface runoff from events not greater than the 10-year storm. 

The difference in cost of providing a storm drain system with the 25-year capacity 
(241 cfs) as opposed to the 50-year capacity (274 cfs) is only $10,000; the difference of 
flow is 33 cfs which relates to $300 per additional cfs. In order to handle the 100-year 
capacity (317 cfs), a concrete box culvert would be required. The concrete box culvert 
is almost twice the cost of dual concrete pipe for near the same level of protection, and 
jacking the box underneath the railroad would be more expensive than jacking pipe. 
The difference in the flows between the 50-year and the 100-year flows is only 43 cfs. 
The cost of providing the additional protection is $50,000 which relates to over $1 100 
per additional cfs. 

Only a few homes along Mohave Street will be in the floodplain during the 100-year 
event with the outfall system carrying the 50-year discharge. The remainder of the 
flows not picked up by the outfall pipes will flow down the roadways; the additional 
expense of $50,000 more to provide 100-year capacity in the storm drain is not feasible. 
The few homes that will remain in the floodplain may have finished floor elevations 
above the 100-year water surface elevations; upon certification of their finished floors, 
the homes may be removed from the floodplain. 
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LAND USE CLASSIFICATION 



Table #.# Classification of Zoning G e s  for Estimation of Imperviousness 

Multi-Pamiiy,Apartme.ts MF-2 Multi-Family 
Multi-Qemily,General MQ-3 High Density 
Townhouse Residential R4 Mdti-Family General 

RTh Townhoure 
Mobile Home MH-1 Mobile Homes Mobile Home Residence 

Light Industrial Light lndusttisl 

Central Commercial General Commemial 
Residential Services OIfiee-Sercives 

TCC Residential Conveniences TC,High Intensity Mired Use 

Planned C Ofices PEP Planned Employment Park 
PP Public Facilities 



Table #.# Classification of Zoning Types for Estimation of Imperviousness 
a 

Multiple Family, Resldentisl R 3  MF, 3,OW aq.fL/unit 
Multiple Family, Residential R4 MF, 1.500 sq.fL/unit 
Multiple Family, Residential R-4A MF, 1.000 sq.ft/unit 

R5 MF, 1,000 sq.fL/unit 
Manufactured Housing. Residential CPiBP Business Park 

Geoerei Commercial . C3 General Commercial 
Commercial OITke C-0 Commercial Omee 

HR High Rise District 

CS Planned Shopping Center PSC Planned Shopping Center 

SU Spe i a l  Uses 
SC Senior Citizen Overlay PCD Planned Cammuoily Develapment 
NUP Neighbarhood Plan of Development 
RUP Residential Plan of Development 
[UP lndusttial Pinnof Development 
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TlNOTE CROSS SECT 
~21-J L 
T3CASANDRO WASH 
J1 
J 2  1 

$ NC , 0 4 5  . 0 4 5  
I X l  , 0 0 0  5  9  

G R 2 0 6 8 . 7  9 1 5 5 . 2  
G R 2 0 6 7 . 6  9 2 0 5 . 2  
G R 2 0 6 7 . 1  9 2 5 5 . 2  
GR2066 .6  9 3 1 5 . 2  
GR2066 .0  9 3 6 5 . 2  
GR2066 .0  9 7 6 5 . 2  
GR2065 .0  9 8 1 5 . 2  
GR2064 .4  9 8 6 5 . 2  
GR2064 .4  9 9 1 5 . 2  
G R 2 0 6 4 . 1  9 9 6 5 . 2  

2 0 6 4 . 0  1 0 0 1 0 . 0  
@ot t ig  10O6Oi: 

R 2 0 6 8 . 8  8 9 1 4 . 2  
GR2068 .0  8 9 6 4 . 2  
G R 2 0 6 7 . 9  9 0 1 4 . 2  
GR2067 .2  9 0 6 4 . 2  
G R 2 0 6 6 . 0  9 7 6 4 . 2  
GR2065 .9  9 8 1 4 . 2  
GR2066 .0  9 8 6 4 . 2  
G R 2 0 6 6 . 0  9 9 1 4 . 2  
GR2066 .0  9 9 6 4 . 2  
GR2066 .0  1 0 0 1 0 . 0  

9 5  
GR2067 .1  9 0 6 3 . 4  
GR2066 .5  9 1 1 3 . 4  
GR2066 .0  9 1 6 3 . 4  
GR2066 .0  9 2 1 3 . 4  
G R 2 0 6 6 . 0  9 3 1 3 . 4  
G R 2 0 6 6 . 0  9 3 6 3 . 4  
GR2066 .0  9 4 1 3 . 4  
GR2066 .0  9 4 6 3 . 4  
GR2066 .0  9 5 1 3 . 4  
GR2066 .0  9 5 6 3 . 4  
GR2066 0  9 6 1 3 . 4  
G R 2 0 6 6 . 0  9 6 6 3 . 4  
G R 2 0 6 6 . 0  9 7 1 3 . 4  
G R 2 0 6 6 . 0  9 7 6 3 . 4  
G R 2 0 6 6 . 0  9 8 1 3 . 4  
G R 2 0 6 6 . 0  9 8 6 3 . 4  
G R 2 0 6 6 . 0  9 9 1 3 . 4  
GR2066 .3  9 9 6 3 . 4  

d I  GR2066 .6  1 0 0 1 0 . 0  
4 x l  , 1 3 7  7 5  

G R 2 0 6 7 . 3  9 1 2 4 . 8  
G R 2 0 6 6 . 7  9 1 7 4 . 8  
G R 2 0 6 6 . 0  9 2 2 4 . 8  
G R 2 0 6 6 . 0  9 2 7 4 . 8  
G R 2 0 6 6 . 0  9 3 2 4 . 8  
G R 2 0 6 6 . 0  9 3 7 4 . 8  
G R 2 0 6 6 . 0  9 4 2 4 . 8  
G R 2 0 6 6 . 0  9 4 7 4 . 8  
GR2066 .0  9 5 2 4 . 8  
GR2066 .0  9 5 7 4 . 8  
GR2066 .0  9 6 2 4 . 8  
GR2066 .0  9 6 7 4 . 8  
GR2066 .0  9 7 2 4 . 8  
G R 2 0 6 6 . 0  9 7 7 4 . 8  

A( G R 2 0 6 6 . 2  9 8 2 4 . 8  
5 0 x 1  , 1 7 8  8 0  

G R 2 0 6 9 . 7  9 1 6 6 . 7  
G R 2 0 6 7 . 7  9 2 1 6 . 7  
G R 2 0 6 7 . 2  9 2 6 6 . 7  
GR2066 .6  9 3 1 6 . 7  
G R 2 0 6 6 . 2  9 3 6 6 . 7  
G R 2 0 6 6 . 0  9 4 1 6 . 7  
G R 2 0 6 6 . 0  9 4 6 6 . 7  
G R 2 0 6 6 . 0  9 5 1 6 . 7  
G R 2 0 6 6 . 0  9 5 6 6 . 7  
GR2066 .0  9 6 1 6 . 7  
GR2066 .0  9 6 6 6 . 7  
GR2066 .3  9 7 1 6 . 7  
GR2066 .4  9 7 6 6 . 7  
GR2066 .8  9 8 1 6 . 7  

IONS ARE READ FRI 
OOKING DOWNSTREN 













HEC-1, CLARK METHOD 
10YR-6HR 



, ......................................... ....................................... 
F W O D  HYDROGRAPH PACKAGE IHEC-1) ' 

SEWEMBER 1990 

VERSION 4.0 

. P W  OAT& 07 /10 /1991  TIME 1 2 : 1 5 : 2 4  ' 

- U . S .  ARMY CORPS OF ENGINEERS . HYDROLZXIC WGINEERING C W E R  

609 SECOND STREET 

DAVIS. CALIFORNIA 95616 

19161 756-1104 

Y x 1(X1(XXXX X Y X I I  x 
x X X  x X XX 
X X X  X X 
XRXARRA XXXY X XXXXX X 
x Y X  x x 
X X X  X X X 
X X YYXXXIX XIXIR XXX 

THIS PROGRAM PEPLACES ALL PREVlOUS VERSIONS OF HEC-l KNOWN AS HECl (JAN 731, H E C I G S .  HEClDB, HEClKW 

THE DEFINITIONS OF V M I m L E S  - R T I H P  AND -RTIOR- WiVE CHANGED FROM THOSE USED WITH THE 1973-STYLE INPUT STRUC-E 
THE DEFINiTIDN OF A M S K K -  ON n n - C M D  WAS CH-CED WITH RUilSIoNS L)&TED 28 SEP 81. THIS IS THE IORTPAN71 VERSION 
NEW OPTIONS; D-RW omrww SUBMERGENCE , SINGLE EVW D-CE C A L C U ~ T I O N ,  DBS:WRITE STAGS FREQUENCY, 
D S S : R m  TiME SERIES AT DDESlRED CALCULATION IWEIIV*IL W S S  Pr4TE:CXEEN PND MW INFILTRATION 
KIN-TIC WAVE: NEW FINITE DIFFERENCE ALCORlTHH 

1 H x - 1  INPIPI. PACE 1 

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

1 ID casandro wash o m  ~eeign, ss 7/16/93 
2 ID Clark Hydrograph MethvdalogY 
3 10 6-HR, 10-YR RAINFALL 

'DIIIDRIUI 

4 IT .- I 200 

6 KK SAC230 
7 M 6-HOW; RAINFALL, PATTERN NO. 1.66 WRB USED TO FIND TC h S FOR THIS BASIN 
8 M THIS BASIN USED RAINFALL REDUCTSON FhCTOR OF ,983 (2.24 INCHES) 
9 BA .72 ," IN $ 5  ." ... 
11 pa z.zOi 
12 M THE FOLi.OWINO PC RECORD USED ir 6 - H O M  S M R H  WITH A PRTPCRN NO. OF 1.66 
13 PC - 0 0 0  ,009 -1116 ,025 , 0 3 4  ,042 ,051 , 0 5 9  ,067 ,075 
1 4  PC ,087 ,100 ,119 ,155 ,240 ,426 ,742 ,862 , 911  ,942 
15 PC , 9 5 4  ,966 . 9 l 8  ,989 1.000 
16 LO 4 .21 6.96 1 3  6.70 
17 UC ,508 ,424 
18 "A 0 5 16 30 65 77 84 90 94 97 

27 KX CAC236 
28 *I COMBINE SAC230 SAC235 AT CAC236 
29 2 rc ................. ,.. ...... 
30 KK RAC236 
3 1 m ROUTE CAC236 M D m  B 
32 RS 1 F W W  -I 
31 RC ,045 .03 .045 4400 ,0175 
34 R I  463.5 467 5 477.5 487.5 512.5 522.5 532.5 536.5 
35 RY 16.5 12.1 12.5 10.0 10.0 12.5 12.5 16.5 .............................. 

LINE ID ....... 1, . . . . . .  2 ....... 3.......4.......5.......5.......7.......8.......9...... I0 

4 3 KC CP* 
44 M D M  SITE 



KK S M R  
KH STORACE BEHIND DAM --- NO SPILLWAY OR PRINCIPAL OUTLET 
SA 0 0.32 0.64 0 1.5 2.67 4.93 7.55 1 1 . 0 7  
SQ 0 0 0 0 0 0 0 0 0 
SE 2129 2 2132 2 1 3 4  2116 2118 2140 2 4 4  2150 .............................. 

1 

LINE 

LINE 

l l i  
116 

KK RCPA-8 
M aowe  FnoH o m  SITE TO MLIPOSA DR. 
RS 1 FLOW 1 
RC 5 3 ,045 910 ,018 
IIX 0 130 150 220 290 350 410 4 5 0  

7 4.8 1.5 0.3 R Y  0 0.5 3.2 5 ............................. 
KK S C Z I O B  
KH BASIN nas240b 
- %  ," 

10K RCPB-C 
KH ROUTE FROM LWRiPOiR O R .  TO CUCURACHA ST. 
RS 1 FLOW -I 
RC ,045 . 0 3  ,065 634 . 022  
RX 0 40 80 110 130 200 280 120 
Rl 12 6 0 0 4 2 1 . 2  0.7 .............................. 
KK SC24OC 
iUI BASIN sa~240c 
BR .03 
ffi .I8 .21 6.96 .I3 52 
UC 4 6  ,126 
"A 0 5 16 30 6 1  77 86  90 94 
"I 100 .............................. 

HEC-l I N P W  

KR RCPC-D 
KN ROUTE PRO" CUCURACHR ST. TO NAVAJO & JACKSON STIS. 
RS 1 FLOW - 1  
RC , 0 4 5  .03 ,045 1003 .012 
RX 0 10 80 120 140 170 260 300  
RY 2.4 1.8 0.6 0 0 1 1.1 1.8 .............................. 
KK SC2400 
KH BAslN nac240d 
8A .04 
ffi .16 .21 6.96 . i i  52 
UC . L P P  ,098 
"A 0 5 16 10  65 77 84 90 94 
"A 100 .............................. 
KK CPO 
XH NAVAJO h JACKSON ST'S. "" 

KK RCPD-E 
I(H R O W S  PROM NAVAJO b JACKSON ST'S. TO MOHAVE h JACKSON ST'S. 
lis 1 PLOW - 1  
RC -045 .03 4 370 .02a 
R I  0 10.4 24.8 10.3 81.5 99.8 121.4 170.1 
XY 1 0 . 9  0 . 6  o o 0 . 3  0.1 0.9 .............................. 

KK CPE 
KN IIOHAVE h JllCKSON ST'S. 
HC 2 
* *..............*.......,,.,., 

H E - ,  INPUT 

ID . . . .  r.1 ....... 2 . . . . . . .  1.......4.......1.......6.......7.......8.......g.. 

KK RCPE-F 
XH ROUTE FROM MOHAVE h JACKSON ST'S. M HOHAVE & MRDISON ST'S 

PAGE 4 
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1 

INPUT 
LINE 

NO. 

6 

121 Ki( SC24OP 
122 KH BASIN sac240f 
123 BA .Ol 
124 CZ 1 0  .21 6.96 .13 45 
125 UC ,083 , 0 6 8  
126 "A 0 5 16 30 65 7 1  84 90 94 97 
127 100 " ............................. 
128 KK CPF 
129 Kn MOKhVE i IW)ISON ST'S. 
130 HC 2 .............................. 
1 3 1  KK CPF-O 
132 IJI ROUTE PRO" HOKhUE b MRDisoN ST'S. TO NOMVE h iiDlWE ST'S. 
I 3 3  RS 1 I I O W  -1 
134 eC ,045 0 , 0 4 5  7 0 0 8  
115 RE 0 20 3 0  50 70 80 90 100 
136 RY 2.5 1.6 0.9 0 0.1 0.4 1.9 2.5 .............................. 

144 KK CPG 
145 iUI MOHRVE h RDMS ST'S. 
146 HC 2 .............................. 

160 KK CPH 
161 M HOKhVE h JEPPERSON ST'S. 
162 2 tc.. ........................... 
161 nn ace"-I 
164 KH ROUTE PROM MOHAVE h JEFFERSON ST'S. TO hTSF RAILROAD 
165 RS 1 FLOW I 
166 RC ,045 . 0 3  5 370 ,019 
167 RX 0 PO 110 250 1 9 0  670 810 950 
168 BY 0.8 0 0 0 0 0 0 d l  .............................. 

SCHEMATIC DIIOlUH OF S T R W  NETWORK 

I Y I  ROUTING I... r )  DZYERSION OR PUMP FLOW 

I. I COWECTOR I< - - - )  RElliRN OF DIVERTED OR PmPED FLOW 

SAC230 



41 CPA 
Y 
Y 

5 1  R C P A - 8  

80 CPC ............ 
V 
V 

8 3  S C K - D  

112 CPE.. . . .  
V 
V 

115 RCPE-F 

128 CPP . . . . . . . . . . . .  " " 
131 CPF-C 

137 SCZ4OD 

1 4 4  CPO. . . . . . . . . . . .  

160 CPH ............ " " 
163 RCPH-I 

176 C P I  . . . . . . . . . . . .  
{"'I RWOFI.  ALSO COMPUTED AT THIS LCCATTON ,............... ".*.**...*............... .....,,,~.......***.*.................~ 
. FLOOD HYDROCRRPH eAcw.ce I H E C - 1 1  * 

S E P I I m E R  1990 

VERSION 4.0 

6 R l M  DATE / 1 / 1 9  TIM8 iZ:15:24 ' 

Casandro Wash Dam Design. ss 7/16/91 
Clark Hydragraph Methodology 
6-HR, 100-YR M I N P h L L  

5 10 OUTPUT CONTROL V M I I I B L E S  
I PRNT 5 PRINT 'CONTROL 
IPLOT 0 PLOT CONTROL 

U.S. - CORPS OF ENGINEERS 

HYDROLOOIC ENGINEERING C W E R  

609 SECONC STREET 

DAVIS, CALlFOWIA 95616 

(9161 756-1104 



HYDROGRAPH TIHe DilTA 
WIN 5 MINUTES IN CO~PUTRTION ~NTERVIL 
IDATO i 0  S T M T I N C  DRTE 
ITIHE 0 0 0 0  STARTINO TINE 

200 NIMBER OF HYDROGRAPH ORDINATES 
NQ 1 0 W I N G  DATE NODATE 

NDTIHE 1635 W I N O  TIME 
I C W  19 CWTLmY HARK 

C O H P W T I O N  INTERVAL . 0 8  HOURS 
TCTrilL TIME BASE 16.58 HOURS 

ENGLISH WITS 
DRAiNhCZ A R a  SQUARE HILES 
P R E C i P I T i i T I O N  DEFT33 INCHES 
LENGTH, ELEVATION FEET 
F Low C M I C  FEET PER SECOND 
STORAGE VOLUME ACRE-FEET 
SWaIIPACE M E A  ACRES 
TUIPERATuaE DEGREES ?AHREWEIT 

R W O F F  S-RY 
FLOW I N  C m I C  FEET PER SECOND 

TIME IN HOURS, M E A  IN SOURRE MILES 

PEAK TIME OF RVEWCE FLOW FOR MAXIMUM PEP.lOD 
OPERATION STATION PLOW PEAS 

6 - H O W  24-HOUR 72-HOUR 

HYDROGRAPH AT 
SAC230 4 .  1.25 8 6 .  3 1 .  3 1 .  

HYDROGRAPH AT 
SAC215 2 8 4 .  4 . 2 5  4 7 .  I? .  17.  

2 COMBINED AT 
CAC236 821. 4.25 133. 48. 48. 

ROUTED M 
RAC236 7 3  4.33 112. 4 8 .  8 8 .  

HYDROGRAPH AT 
O M  126. 4.17 21. 8. 8 .  

2 COMBINED AT 
C PA 900. 4.33 151. 56. 16. 

R O W E D  TO 
STOR 0 .  0 8  0 .  0 .  0. 

ROUTED TO 
iiCP.4-8 0. - 0 8  0. 0. 0 .  

HYDROGRAW AT 
SC2408 I 4.08 15. 6. 6. 

2 COMBINED AT 
CPB 114. 4.08 15. 6. 6. 

R O W E D  TO 
RCPB-C 110. 4.17 15. 6. 6. 

HYDROGRAPH AT 
SC240C 4 4.00 5. 2. 2. 

2 COWXINEII AT 
CPC 1 4 9 .  4.08 20. 7 .  7. 

ROUTED m 
RCPC-D 4 .  4.17 20'. 7 .  7. 

HYDROGRAPH AT 
SC24OE 3 3 .  4.00 4. I .  I. 

2 COHBINED AT 
CPE 212. 4.08 31. 11. 11. 

ROUTED TO 
RCPE-F 212. 4.08 31. 11. 11 

HYDROGRAPH AT 
SC2lOF 1 6 .  4 . 0 0  2.  1. 1. 

2 COMBINED AT 
CPF 2 2 4 .  4.08 33. 12. 12. 

RomeD m 
CPF-C 223. 4.08 3 3 .  12. 12. 

HYDROGRAPH AT 

W T M M  TIME OF 
STIOE W STACE 



SC240G 

2 CONBINED AT 
CPC 

ROUTED TO 
IIcPC-H 

"YORODRAP" AT 
SC240" 

2 CONBINED AT 
CPH 

R O W E D  TO 
RCPH-1 

HYDRODWPH AT 
SCZ4Oi 

2 CONBINED AT 
CPI 



HEC-1, CLARK METHOD 
25Y R-6HR 



F L W D  HYDROORAPH PACKACE [HE-1) ' 
S E P P W E R  1990 

VERSION 4.0 

. PUN DATE 07/10/1993 TIWE 12:37:24 ' 

U.S. PWPI CORPS OF ESlOlNEERS 

HYDROl*XjlC ENOINEEIIINO C-ER 

609 SECOND smem 

DAVIS. ChLIPORNIA 95616 

19161 156-1104 

X X IIIXIXX XXXXX X 
X X X  X X XY 
X X I  X X 
XXXIYYX XXXX X XXXXX X 
x X X  X 
X X X  X X X 
I X U(XYYYX XXXXX xxx 

THIS P R O O W  RePLICeS ALL PRWIOUS VERSIONS OF HEC-1 KNOWN AS HECJ [JAN 731, HEClGS, HEClDB, iUiD HECIKW. 

1 

LINE 

10 Caaandro Wash D m  Design. SS 7/16/93 
ID Clark Hydragraph MethadolorY 
1D 6-HR, 25-Yil RAINFALL 
'DIACPJM 
IT 5 200 

Kf( SAC230 
K B  6-HOW PAINFALL, PATTERN NO. 1.66 WAS USW TO FlNo X L R FOR THIS BASIN 
M THIS M S I N  USED PAiNFILL RWVCTION FACTOR OF ,983 (2.70 INCHES) 
BI .72 
.%I 3 c ... 
P. 2.63i 
M THE FOLLOWING PC R E O R D  USED & 6-HOUR STORM WlTH II  PATTERN NO. 01 1.66 
PC . O D 0  ,009 1 ,025 ,034 ,042 , 0 5 1  , 0 5 9  .067 ,075 
PC ,087 ,100 ,119 ,155 ,240 ,426 ,142 ,862 ,911 ,942 
PC ,954 .966 ,978 ,989 1 .000  
y; .14 .21 6.96 .13 6.70 
UC ,508 .424 
Ulr 0 5 16 30 65 77 84 90 94 97 

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

43 KR CPA 
44 M D M  SITE 



1 

LINE 

1 

LINE 

KK STOX 
M STORACE BEHIND D M  --- NO SPILLWAY OR PRINCIPAL OWLET 
SI 0 0.32 0.64 1.09 1.54 2.67 4 . 3  1.55 11.07 16.00 

0 0 0 0 
212; 213; 213: 2134 3 2138 2 1  2144 215; 2160 SE ........*.................... 

KK RCPA-8 
M ROUTE FRO* DAH SITE TO HUITPOSI DR. 
PIS 1 FLaY -1 
RC ,045 .03 ,045 950 .Ol8 
BX 0 110 150 220 290 350 410 450 

7 4.8 1.5 0.3 0 0.5 3.2 5 R' ............................. 

KK RCPB-C 
M ROUTE FROH M I P O S A  DR. TO CUCURACHA ST. 
RB 1 P r n  -1 
IIC ,045 .OJ ,045 634 ,022 
RX 0 40 80 110 130 200 280 320 

12 0 2 1.2 0.7 " ............... " ............O 4 

Kl( SC240C 
iUI BASIN sac2400 
BIL .03 
iij .18 .21 6.96 .I3 52 
UC ,146 ,126 
OIL 0 5 16 10  65 77 84 90 94 97 

100 UA.., ........,......... ......,*. 
H E - 1  I N m  PACE 3 

KK CPC 
M CU-CHA ST. 
HC 2 .............................. 
KX RCPC-D 
M ROW& FROM CVCUrWCHI ST. TO NAVhJO L JACKSON ST'S. 
RS 1 F i a W  -1 
RC ,045 .03 ,045 1003 ,012 
RX 0 10 80 120 140 170 260 300 
RY 2.4 1.8 0.6 0 0 1 1.1 1.8 .............................. 

KK CPD 
WI NAVAJO L JACKSON ST'S. 

2 rc ............................. 
IW RCPD-E 
M R M E  PROM NAVAJO L JACKSMI STIS. TO NOHAVE h JACKSON ST'S. 
115 1 PiaW -1 
RC ,045 .03 ,045 370 ,024 
RX 0 10.4 24.8 50.3 81.5 99.8 121.4 170.1 

1 0 . 9  0.6 0 0.3 0.3 0.9 tX ........................... .. O 

KK CPE 
M MOHAVE L JACKSON ST'S. 

2 Y.. ...*....................... 
HE-1 INPUT Pace 4 

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

KK RCPE-P 
M ROUTE PROM HOWIVE b JICI<SON ST.S. TO HOHIVE h MADISON ST'S 



131 RK CPF-C 
132 R O W 6  FROM MDHaVE h HRDISON ST'S. TO HOHAYE 64 WWS ST,$. 
131 RS 1 FLL*I -1 
134 RC ,045 . 0 9  ,045 110 ,008 
115 RY 0 20 30 
136 

50 70 
R Y  2.5 1.6 0.9 

80 90 100 
0 0.1 0.4 1.9 2.5 .............................. 

144 KK CPC 
145 M HOHaVE h A D M S  ST'S. 
146 HC 2 .............................. 
147 Kc RCPO-H 
148 M ROWE FROM MOHIVE 6 ADWS S T ' S  To WOWVE h JEFFERSON ST.S. 
149 BS 1 PWW -1 
150 RC ,045 .03 ,045 370 ,005 
151 RX 0 27 75.6 106.7 185 229.5 297 337.5 
152 fY ..... !;f ..... 02 ..... 0 ; :  ..... o o 0.1 0.8 1.2 

153 I(X SC240H 
154 M BASIN 9a024Oh 
155 BA .Ol 
156 uj . I 5  .21 6.96 .I3 
151 

45 
UC ,083 .a67 

158 "A 0 5 16 30 65 77 84 90 
159 UA 100 

9 4  97 .............................. 
160 KR CPH 
161 M MOmVE h JEFFERSON ST'S. 
162 2 ! .............................. 

169 KI SCZ4OI 
170 M BASIN sac240i 
171 rn .I0 
112 Ui .I4 .21 6.96 3 45 
173 UC ,204 .177 
174 "A 0 5 16 30 65 77 84 90 
175 V* 100 

94 9 1  .............................. 

SCHUWTIC DIAORW OP S T R W  NElWoilK 
I N r n  

LINE I V I  ROWING I.-- >I DIVUISION OR PLMP FLoY 

NO. I . I  CONNECTOR I<---) RETVRN OF DlVERTW OR PUHPW F m  

6 SAC230 



112 CPE ............ 
V 
V 

115 RCPE-P 

160 CPH ............ 
Y 
Y 

163 RCPH-1 

176 CPI  ............ 
("1) I IWOPP hLS0 C O H m E D  AT THIS UTATIMI 

l...l......*.. '................*.*........ *.*.*...*.............................. 

+ RUN DATE 07/30/1993 TIME 12:37:24 ' 

caaandro wash ilan ~esign, ss 7/16/93 
Clark Hydrograph Methodology 
6-HR. 100-YR PAINPALL 

OWPUT COWPROL VMII IBLES 
IPRMI 5 P R I W ~ ' C O ~ O L  
l P r n  0 P m  CONTROL 

. U . S .  i\Rm CORPS OP ENCINEEM . HYDXOLCGlC ENGINEERIN0 CENTER 

6 0 9  SECOND STREET 

DhVIS. CALIFORNIA 95616 

(9161 756-1104 



QSCliL 0 .  HYDROOMPH PLOT SCALE 

IT HYDROOMPH TIME DITA 
MIlN 5 Xi-'&S I N  CON-&TION INTBllYAL 
IDATE 1 0 STUlTINO DATE 
*TIME 0000 STRRTINO TIME 

NQ 200 W E 8  OP HYDROOWPH OIIDTNATES 
NDDATE 1  0  ENDlNC DATE 
NDTIUE 1635 ENDING TIME 
I C m  19 CUPIZTRY WlPIK 

COWPVPATION INTERVAL .08 HOURS 
W A L I  TIlE BASE 16.58 HOURS 

WCLilSH WITS 
OPAINAOE RRFA 
PRECIPITATION D E P m  
LWDTH, ELEVATION 

OPEPATION 

HYDROOMPH AT 

HYORajRIPH W 
* .  

2 COmINED AT 

ROUTED TO 

2 COHBINW IIT 

SQUARE MILES 
INCHES 
FEET 
C W I C  FEET PER SeCOND 
ACRE-PE&T 
ACRES 
DECRZES PWRENHZIT 

RUNOFF S W Y  
PLOW IN CUBiC FEET PER SECONO 

TIME IN HOURS. AREA IN SQUARE MILES 

ROWED TO 
RCPE-P 268 .  4 . 0 8  39. 14.  14.  

2 COHBINW AT 
CPP 283.  4 .08  41 .  15 .  15.  

HYDRMPAPH AT 



"YOROCRAP" AT 
SC240H 

2 CO-TNEO AT 
CPH 

ROUTED TO 
RCPH-I 

HYDROOliPH AT 
SCZ4OI 

2 C'lneINED AT 
CPI 



HEC-1, CLARK METHOD 
50YR-6HR 



F W D  HYDROORIPH P&CK&OE IHEC-11 . 
SEmENBER 1990 

VERSION 4.0 

R W  DATE 07/30/1993 TIHE 12:39:09 ' 

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

U.S. RRI(Y CORPS OP ENOiNEERB 

HYDilOLajIC DNOINEERTNO C m E R  

609 9ECOND STREET 

DaVIS. CALIFORNIA 95616 

I9161 756-1104 

X X XXXXXXX XXXXX X 
X X X  X X XX 
x X X  X X 
XIOO(XYX X H X I  X XXXXX X 
i( i i x  X x 
x X X  i( X X 
x I XYXXXIX XXXXX X X I  

THIS P R O O M  REPLACES ALL PREVIOUS VERSIONS OF HEC-1 WOW AS HeCl (JAN 731, HECIDS. HECIDB, mm HEClKW 

THF DEYINITIONS SP Y U I I \ D L L I  -Y7:!4P X4.IC -LTIUR- W I I E  1tWSEU F.3. Td3SI USLD Y:TH 7 ° F  IP.1-;TILE INPVT SmIZIICTSL 
%E DTF:N:TIC!I OF - U I S Y / -  j). : S " A R U  Y I C  "ILWGPL Y1:1% RFYISICNS LATF.2 28 SIP dl. TAIS IS -32 iOYTIUN77 l U L ; l . U  
11: '~  )PTI:NS: CAWPFAY .rmm S 7 W F 2 d : : F  . S:N::F C \ W  t-ce CAL~'JLITI<N. C S J : ~ I T F  ; ~ R G F  FIIL)V~:I 
: S S . R W  TIKC SPRIIS AT 9LS:UYC 1 A l i l l A T l O K  IhTLYVh: LJSS IUTY.nl)PW * N O  MiT INPIITRATI.:I 
KIk:LYAT:? b A Y L  l l iU  PlUlTF 3 : I T ? I ) U I P  hLi:YITKH 

1 ID carandro wash o m  ~esign ss 7/16/91 
2 ID Clark Hydrograoh werhodoiogy 
3 ID 6 - H R .  50-YR RIINPALL 

.DI*DRIUI 
4 IT 5 
5 10 

200 
5 .............................. 

6 KK SAC230 
7 IUI 6-HOUR PAXNF%LL. PATTerUI NO. 1 . 6 6  WAS USED TO FIND X h R FOR THIS BLSIN 
8 IUI THIS =SIN USED PAINFALL REDUCTION FACTOR OF ,983 (3.00 INCHES) 
9 BL .72 

10 

43 KK CPA 
44 WI D M  SITE 



LINE 

RR STOR 
M S T O W S  BEHlNO OWL --- NO EPILWILY OX PRINC1PP.L OUTLET 
SA 0 0.32 0.64 1.09 1.54 2.67 4.93 7.55 11.07 16.00 
sa o o o o 0 0 0 0 0 0 
SE 2129 2130 2132 2114 2136 2 1 3 8  2140 2144 2150 2160 .............................. 

RK CPB 
M m I P ( I S A  DR. 

:C ....... 2 ..................... 
KI( RCPB-C 
M R0VI.B PROH WIPOSII DR. TO CUCMICH* ST. 
RS 1 F- -1 
RC ,015 .03 0 4  634 ,022 
RX 0 40 80 110 130 200 280 320 

12 6 2 1.2 0.7 " ....................... ", ...... 4 

I(K CPC 
?." m m c m  ST. 

2 YC.. ........................... 

I(K SC240D 
XH M S I N  sao24Od 
M .04 
m .16 .21 6.96 .I3 52 
UC 1 3 3  ,098 
UA 0 5 16 30 65 77 84 90 94 97 

I" .*... !PP ........... *......... 
KK CPD 
M NAVAJO h JACKSON ST'S. 
HC 2 .............................. 

KK SC24OE 
la W r N  aao240e 
BA .o2 
Uj .11 .21 6.96 .13 54 
UC ,083 , 0 4 1  
UA 0 5 16 30 65 77 8 4  90 94 97 

"A 100 . ...*,,,,*.................*** 
xi( CPE 
XH HOHAVE i JACKSON ST'S. 

2 HC ...*.... * .................... 
HEC-1 INPWP PhDE 4 

.... ....... ..... 70 1.. 2... 3......4........5.......6.......7.......8.......9...... 10 



1 

1mrn 
LINE 

NO. 

6  

121  RK SCZllOP 
122 MI BASIN 9ac24Of 
123 B I  . 01  
124 ffi . I 0  . 2 1  6.96 . I 3  4 5  
125  UC , 083  , 068  
126  UA 0 5 16 30 65 77 84 90 94 97 
127  I 0 0  UA.. ..*......................*. 

137  KR SC21100 
138  MI BASIN sac2409 
139  81\ . 0 1  
140  ffi . 15  . 2 1  6 .96  . I 3  4 5  
1 4 1  UC , 083  , 074  
1 4 2  UA 0 5 16 30 65 77 84 '10 
1 4 3  "I 100 

94 91 .............................. 
I44  K1( CPD 
145  MI HOWYE L M M S  S T ' S .  
1 4 6  HC 2 .............................. 
147  KK RCPD-H 
148  MI ROmS FROM MOMYE h ,%BiDUIS ST'S TO HOHAYE h JEFFERSON ST'S. 
1 4 9  RS 1 FLOW -L 
150  RC , 045  .03 , 045  370 , 005  
151  RX 0 27 75 .6  106 .7  185 2 2 9 . 5  297 337 .1  
152  1 . 2  0.9 0 .4  0  0  0 .1  0.8 1 . 2  RY. ............................ 

HEC-1 I N m  PAGE 5 

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

153 KX SC24OH 
154  MI BASIN aac240h  
155  B I  . 0 1  
156  Ui . 15  . 2 1  6.96 .11 4 5  
157  UC , 083  , 067  
158  "A 0 5 1 6  30 65 77 84 9 0  94 97 
159  "A 100 .............................. 
160  RR CPH 
161  MI HOMVE h JeWeRsoN STIS. 
162  HC 2 .............................. 
163 KK RCPH-I 
164 M R-B FROM MOMYE k OEPFERSON ST'S. TO &TSV PAIW(0M 
165  RS 1 PLOW -1 
166 RC .045 .03 , 045  370 , 019  
167  RX 0 30 110  250 1 9 0  670 810 950 
168  RY 0 . 8  0 0 0 0 0 0 4 . 1  .............................. 
169  KK EC24OI 
170  M mS1N a a o 2 4 0 i  
171  BI . I 0  
172  Ui .14 . 2 1  6 .96  .13 45 
173 UC , 204  , 177  
174  U I  0 5 1 6  30 65 7 7  84 90 94 97 
175  L O O  UA., ................ , ....... 

BCHMITIC DlACRUl OP STllEUl N B W R K  

IVJ  ROWING (--->I DIVERSION OR PUHP F m  

I .  J CONNECTOR (<- - - I  R F N R N  OP DIVFATeO OR PVHPED F m  

SAC210 



80 CPC ............ 
V " 

83 RCPC-D 

112 CPE 
V 
Y 

115 RCPE-E 

121 SCZ4OF 

128 CPP ............ 
V 
Y 

131 CPF-0 

160 CPH 
V 
V 

163 RCPH-I 

169 SC2401 

176 CPI ............ 

F L M D  H Y O R W I U P H  PCKAOE 1°C-1) * 
S E P T m e R  1990 

V E a S I M I  4 .O 

RUN DATE 0713011993 TIME 12:39:09 ' 

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

Casandro Wash D m  Design, SS 7/16/93 
Clark Hydrograph Hechodolagl 
6-HR, 100-YR PAINFALL 

omm CONTROL VUllABLES 
IPW 5 PRIM 'COMROL 
I P r n  0 e m  C O r n O L  

U . S .  lUWY CORPS OP ENGINEERS 

* HIDROLZXIC WCINEBPITNC CENTER 

60s secom STRE'ET 

DaVII, CILIBORNZlr 95616 

19161 756-1104 



QSCAL 0 .  HYDROCRRPH PLOT SCALE 

CoMmATlON ImERVAL . 0 8  HOURS 
TOTAL TIXE m s e  16.58 HOURS 

W G L I S H  WITS 
DRIIMCE IRFA 
PRECIPITATION DEW" 
LBNOTH, ELWITION 
w p m  

SQUIRE MlLES 
INcHeS 
rem 
CUBIC eem PER SECOND 
ACRE-FEET 
X R E S  
DEGREES EWIHRMEIT 

. 
STORADZ "OLrnE 
SURFACE AREA 
TWPERITVRE 

BUNOFF SUhXW.Y 
PM IN ~ I C  PeeT PER SECOND 

TIHE IN HOURS. MU IN SQUIRE MILES 

TIHE OF AVERICE FLOW POR HAXI- PERIOD 
P m K  

 HOUR ~ ~ - H O U P I  ~Z-HOW 

MAXI- TIME OF 
STAGE MAX STAGE OPERI*ION STATION 

HYDRO-iRIPH IrT 
SAC230 

HYDROCRIPH AT 
SAC235 

2 COMBINED AT 
CRC236 

Romm 1U 
RIC236 

HYDRODRIFH AT 
D M  

2 COMBINED M 
C PA 

RomBD M 
STOR 

ROWED TO 
RCPA-8 

HYDRoDRIPH AT 
SC2408 

2 COHBINW AT 
CPB 

ROWEO TO 
RCPB-C 

"YDRWRIPH AT 
BC240C 

2 COllsINEO AT 
CPC 

ROWED TO 
=PC-0 

HYDRajRIPH 1T 
SC240E 

2 COMBINED I\T 
CPE 

ROWED To 
RCPE-P 

HYDRODRIPH AT 
SC24OF 

2 COMBINED AT 
CPF 

ROWED TO 
CPP-C 



HYDRWRIPH AT 
SC240H 

2 COMBINED AT 
CP" 

ROUTED m 
RCPH-I 

HYDRWWPH *T 
SC240I 

2 COMBINED AT 
C P I  

"' NOP-WAL END OF HEC-1 ." 

1. .Ol 

18. 1 .44  

18. 1.44 
. 7 6  4 . 0 8  

1. .Ol 

19. 1.45 

19. 1.45 
.I9 e .  >7 

9. .10 

as. 1.55 



HEC-1, CLARK METHOD 
100YR-6HR 



R W  DATE 08/02/1993 TIME 13:02:39 ' 

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

. U . S .  m CORPS OF WlCINEeRS 

HYDROL001C ENOINEERINC CENTER 

609 SEEOND STREET 

DAVIS, CILIPORMIA 95616 

19161 756-1104 

x X XXXXXXX XXXXX Y 
X X X  X X XX 
X X X  X X 
10XX1(XXX XXXX X X Y I X X  x 
x X X  K X 
x X I  X X X 
Y x YXXxxXX X I X X X  XXX 

THIS P R W W  REPLACES ALL PREVIOUS VERSIONS OP H&C-1 KNOWN AS HECl IJIN 731, HEC1DS. HEEIDB. %Nn Y V r l l Y  ................ 
me DEPrlrITlONs or VARIIBLES -RTIHP- AND -RTIOR- mve C-GBO PROM THOSE USED W ~ T H  THE 1 9 7 3 - s ~ ~ ~ ~   IN^ S T R U ~ B .  
THE DEFINITION OF -&"SKI(- ON RH-CUID WAS C W C E D  WITH REVlSlONS DATED 28 SSP 81. THiS IS THB PORTRWn7 VERSION 
NEY OPTIONS: D I U ( B R ~  O U T ~ L W  SUBMERGENCE . SINGLE E V ~  D-CE CALCULATION. DSS:WRITE STAGE PIIEQUWCY. 
DSS:REID TIME SERIES AT DESIRED CAKULATION INTERVAL LOSS PATe:OBEEN WO M P T  INFILTPATION 
KINEHATIC WAVE: NEW FINITE DIFFERENCE AUiORITHH 

1 HEC-1 INPW PACE 1 
LiNE ID ....... 1 ....... 2.......3.......4.......5.......6.......7.......8......9...... lo 

1 10 Casandro Wash om oesign, rr 7/16/93 
2 ID Clark Hydrograph Methodology 
3 ID 6-HR. 100-YR RAINFALL 

' D I A C W  
4 IT 5 200 
5 10 5 . ...............**........*... 
6 KK SAC230 
7 K# 6-HOUR PAINPILL. PATTEXN NO. 1.66 W&s USED To FIND TC h R FOR THIS BISIN 
8 KH THlS m9iN USED PAINFALL iiEDUCTION FACTOR OF ,983 
9 

3 "  
8" -73  ... ." 2, 

11 FA PAINPALL DEPTH OF 3.40 WAS SPACIALLY llEDVCED AS SHMIN BY THE PB RECORD 
12 es 3.345 
13 KH THE lOLLOYINO PC RECORD USED A 6-HOWI EmM WITH A P I T T W  NO. OF 1 . 6 6  
14 PC ,000 ,009 ,016 ,025 ,034 ,042 .051 ,059 ,067 ,075 
15 PC ,087 ,100 ,119 ,155 ,240 ,426 ,742 ,862 ,911 ,942 
16 PC ,954 ,966 .978 ,989 1.000 
17 LC .14 .21 6.96 -13 5.70 
18 UC ,508 ,424 
19 UI 0 5 16 10  65 77 84 90 94 
20 "A 100 97 .............................. 

28 KK CAC236 
29 
30 

K# COMBINE SAC230 h SAC235 AT CAC236 
HC 2 .............................. 

31 KX Far2236 
32 KM RWE crC236 m DAM B 
33 R S  1 F r m  -, 

37 KK D M  
38 KX urac240a 
19 BA .13 
40 llj .34 .21 6.96 3 45 
41 UC ,338 ,333 
42 "A 0 5 16 30 65 77 81 90 94 
43 UA 100 97 

f ..............f.*............ 
I HEC-1 INPW PICE 2 

LINE 10 ....... 1 ....... 2.......].......4.......5.......6.......7.......8.......9...... 10 





117 W ROWE FROM NOHIVE h JACXSON ST'S TO " O W E  i -ISON ST'S. 
118 RS 1 P m  -1 
119 RC ,045 .03 ,045 no ,014 
120 RI 0 30 50 80 110 150 170 250 
121 RY 2.2 1.1 0.9 0 0 0.4 0.9 2.2 . .........***................. 

129 hl( CPC 
130 IUI HOHAVE h MADISON ST'S. 
131 nc 2 . ..................*.*..*..*** 
132 XI CPF-O 
133 W ROUTE FROM HOHIVE h HIDISON ST'S. TO NOWLYE L liOlJlS STIS. 
134 RS 1 PLOW -1 
135 RC ,045 . 0 1  5 370 ,008 
136 RX 0 20 30 5 0  70 80 90 100 
137 RY 2.5 1.6 0.9 . ...............**..***.*.**.. 0 0.1 0.4 1.9 2.5 

138 I(K SC2400 
139 W BASIN nac2409 
140 BI .01 
141 V; .15 .21 6.96 .13 45 
142 UC ,083 ,074 
143 UA 0 5 16 30 65 77 84 90 94 97 
144 ua L O O  . ......**.*.**.*..... "....,.,. 
145 KK CPD 
146 W NOHAVE h A D M S  ST'S. 
147 HC 2 . .........................*..* 
148 Kh RCPD-H 
149 M ROUTE PROM MOMYE 6. R D M S  ST'S TO MOHAVE h JEFFERSON ST'S. 
150 R9 1 FWW 1 
I51 BC ,045 .03 , 0 4 5  970 , 0 0 5  
152 RX 0 27 75.6 106.7 185 229.5 297 337.5 
151 RY 1.2 0.9 0.4 0 . ............................. 0 0.1 0.8 1.2 

1 HEC-1 INPUT PAGE 5 

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

161 KK CPH 
152 noluve a.  erre en so^ r ;~ , s .  
163 HC 2 . ............................. 
164 KK RCPH-I 
165 M R-E PW M O ~ V E  & ZEPPERSON STIS. TO ~ S P  T U L I ~ O M )  
166 RS 1 F W W  -1 
167 RC .045 .03 ,045 370 ,019 
168 LY 0 30 110 250 390 670 810 950 
16'1 RY 0.8 0 0 0 0 0 0 4.3 . ....*....................*.** 

177 iU( CPI 
178 K? m S P  RIIUOlD 
179 HC 2 
180 ZZ 

SCHPllRTiC D I A G W  OF B T R W  NElWoRI 
INPUT 

LINE ("1 ROWING (... >I DIVERSION OR PUHP FWW 

NO. ( . I  COWECTOR I<---)  RETURN OF DIVERTED OR PlMPED FLOW 

6 SAC230 



113 CPE 

129 CPP ......... 
Y 
V 

132 CPF-0 

161 CPH ............ 
V 
V 

164 RCPH-I 

170 SC2lOI 

R W  DATE 08/02/1993 TIHE 13:02:39 ' 

.............. f...............*...llt.. ....................................... 
caaandro wash o m  ~eaign, BS 7/16/93 
clarkllydrograph Methodolow 
6-HR, 100-YR PAINFALL 

Omm C O m O L  VIIIIABLES 
I PPNT 5 PRIW CONTROL 

U . 5 .  lS.m CORPS OP WDZNBBIIS 

* HYDROLOjlC ENClNBERiNG CENPER 

609 SECMIO STREET 

OIVIS, CALIFORNIA 95616 

(9161 156-1104 





HYORWRAPH AT 
SC240" 

2 COWINEO AT 
CPH 

ROWED m 
RCPH.1 

H Y O R W I U P H  AT 
SC240I 

2 COl(sINED AT 
CPI 

"* NORMAL END OP H E - 1  "* 



HEC-1, CLARK METHOD 
100YR-6HR, POST STORM DRAIN 



P m D  HYORajRAPH PACKAGE (HE-1) * 
SEFTENBER 1990 

VERSION 4 . 0  

U - S .  ARHY CORPB OF ENGINEERS . 
' HYDROLOGIC UICINEeiiiNO CENTER . 

609 EECOMl STPIEVI. 
D A V I S ,  CALLFORNIA 95615 

19161 756-1104 

x X XXXXXXX X X X X I  
X )o( X X 
x x x  

XX 
X 

XIXXXXX XXXX X 
X X X  

XXXXX R 
V 

X X X  
X 

x X 
X X XIOXYXRR X R I I Y  

X 
YVX 

THIS P R M W  REPLACES ALL PREVIOUS VERSIONS OF HEC-I MOWN AS H E 1  IJIW 731. HECIDS. HECIDB. ANT H E c ~ x w .  

THE DEFINlTIONS OF VARImLES -RTIHP- WD -RTIOR- HIVE C W G E O  F*OM THOSE USED WITH THC 1973-STILE INPUT STRUCWRE 
THE DEFINITION OF -I\HSKK- ON W-CARD WAS CHRNOED WITH REVISIONS DATED 28 SEP 81. THiS IS THE FORTRIW77 VEiisrow 
NEW OPTIONS: D W R W K  OUTFLOW SWMERDENCE SINGLE E V W  D W G E  CALCULATION. DSS;WRITE STACE FREQUENCY, 
D S S : R W  TIME SERIES AT DESIRED CAICUUTIO~ INTER"% LOSS PATE:CREW WD IWFT INFILTmTLoN 
KINLWATIC WAVE: NEW FINITE DIFFERENCE ALOOilITHH 

HEC-I INPUT P&GE I 
LINE I D  ....... I ....... Z....... 3 4 5.......6.......7.......8.......9...... 10  . . . . . .  ....... 

I ID Caiandro wash outfall Channel ~ydraiagy. 5/26/94 
2 ID Pipe  flow diverting 274 cts a t  CP-D 
3 10 "lark Hydrograph Mechodoiogy 
4 ID 6-HR. IOO-YR RAINFALL 

. D I I I C W  
5 IT ,- 2 200 

LINE 

7 KK SAC230 
8 IUI 6-HOUR PAINPI\LL. PATTERN NO. 1.66 WAS USED TO P I N D  rc 6 a FOR THIS sasr~ 
9 IUI THIS BASIN USED PAINRILL REDUCTION FACTOR Of , 9 8 3  

10 BA .72 
11 IN 15 
12 M RAINPILL DEPIIH OF 3.40 WAS SPACIRLW REDUCED AS SHOWN BY THE PB RECORD 
I3 Dn 3 ad% ....... 
14 IUI THE FOLLWINQ PC RECORD USED A 6-HOUR STORM W I T H  A PATTERN NO. OF 1.66 
15 PC ,000 .009 ,016 , 0 2 5  ,034 ,042 ,051 .059 ,067 ,075 
16 PC ,087 ,100 ,119 1 5 5  ,240 ,426 ,742 ,862 ,911 ,942 
17 PC ,954 ,966 9 ,989 1.000 
18 LC 1 .21 6.96 .13 6.70 
19 UC ,508 ,424 
20 "A 0 5 16 30 65 
21 "A 100 

77 8 4  90 94  9, 
.I. ......*......*............ 

22 KK SIC235 
23 I(M S W - B A S I N  SAC235 
24 BI .38 
25 
26 

uj 4 .21 6.96 1 10.10 
UC ,442 ,4151 

27 UA 0 5 16 
28 

30 
UA 100 

65 77 84 90 94 97 ...... f.....*..f...ffttt........ 

XK RIC236 
I(H ROVIIE CAC236 To D M  B 
RS 1 FLOW -1 
RC ,045 .03 ,045 4400 .0175 
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 .............................. 
t(X DAM 
M sac24oa 
81, .13 
uj .34 .21 6.96 .l3 45 
UC ,338 ,333 
"I 0 5 16 30 65 77 84 
UA 100 

90 94 97 . .f.....**......t.........,.** 
H E - I  INPUT PAOE 2 

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

KK CPA 
IUI O M  SITE 
HC 2 .............................. 



. . ... 
61 8 A  - 1 0  
62 LG .I2 .21 6.96 .I1 19 
63 UC - 2 6 2  ,224 
6 4  ur 0 5 16 3 0  65 77 8 1  90 94 97 
5 5  Uii 1"" . . .. 
66 KX CPB 
67 KM EURIPoSA DR. 
68 2 HC ............................. 

I 69 KK RCPB-C 
70 KM ROUTE FROM WIPoSA DR. TO CUCUMCIU ST. 
71  R4 L FLOW -I 
72 RC ,045 .03 ,045 634 ,022 
73 RY 0 40 80 110 130 200 280 120 
74 12 6 0 2 1.2 0.7 R Y . . .  ....................... O 

I 

I 75 KK SC240C 
76 KM BASIN aacZ40c 
77 BA .03 
78 L L ~  .ls .21 6.96 .11 52 
79 UC ,146 ,126 
80 "A 0 5 16 30 65 77 811 90 94 97 .............................. 81 UA 100 

HEC-I INPOT PACE 1 

LINE 

I 119 
120 
121  

KK CPC 
Kn CO-CIU ST. 

2 HC ............................. 
I(R RCPC-C 
$34 ROVTE FROM CUCUrUCM ST. TO NIIVI\JO b JACKSON ST'S 

KI CPD 
i(H NAVAJO h JACKSON ST'S. 

2 
:C ............................. 
KX DIVERT 
m DIVERT Pipe ~ r n  OF 294 CPS. REST OF PLOW CONTINUES WWSTRV\H 
rrr 01"-0 
01 0 100 200 300 400 500 800 

0 274 2 1  274 274 271 274 ?Q .............................. 
KK RCPD-E 
M RWTE FROM NAVAJO i JACKSON ST'S. M H O M V E  h JACKSON ET'S. 
RS 1 P U l W  -1 
RC ,045 .03 .045 310 ,014 
RX 0 10.4 24.8 50.3 81.5 99.8 121.4 110.1 

1 0.9 0.6 0 0.3 0 . 3  0.9 R .............................. 
I(K 9C240E 
M mSIN sac240e 
BA .02 

'2 

LA .11 .21 6.96 .I3 54 
UC -083 ,041 
"A 0 5 16 30 65 77 84 90 94 97 
"A LOO , ,.....,.,*,*..*.............* 

HEC-I INPUT pace 4 

ID ....... 1 . . . . . . .  2.......1.......4...-...... 10 

KK CPE 
iUI NOWIVE h JIICWON ST'S. 

2 :=. ............, .#. ............ 
KK RCPE-F 
KM ROVTE PROS HOHIVE b JaCKBON ST'S. TO M O M M  L M I S O N  ST'S. 



1 

INPUT 
LiNE 

NO. 

7 

RS I FLOW -I 
RC ,045 .03 0 4 5  370 ,014 
RX 0 30 50 80 110 150 110 250 

2.2 1.1 0.9 RY 0 0 0 . 4  0 . 9  2 . 2  ............................. 

LINE 

KX CPF 
M HONAVE h MADISON ST'S. 
"C 2 .............................. 
1(1( CPP-0 
KH ROUTE FROM NONAVE i M I S O N  ST'S. TO MONAVE h R D M S  ST,S. 
RS 1 FLOW -1 
RC ,045 .03  , 0 4 5  7 ,008 
RX 0 20 30 50 70 80 90 100 

2.5 1.6 0.9 fY ......*...........*.~..,,++.. 0 0.1 0.4 1.9 2.5 

KK SC2400 
KH BASIN sas24Og 
BA " 3  

HEC-1 INPm PACE 5 
ID ....... 1 ....... 2.......3.......4.......5.......6.......7.......8.......9...... 10 

Kt RCPD-H 
KH ROUTE PROM MOHIVE 61 AD=$ ST'S To EIOWVE b JEFFERSON ST.S. 
ils 1 PLOW -I 
RC .045 .OJ ,045 370 ,005 
RX 0 27 75.6 106.7 I85 229.5 297 117.5 
RY 1.2 0.9 0.4 0 0 0.1 0.8 1.2 .............................. 
nX SCZ~OH 
KH BASIN sac24Oh ", -. . ... 
ffi .15 .21 6.96 .13 45 
VC ,083 ,067 
"A 0 5 16 30 65 77 84 

L O O  
90 9 8  97 " ........................... .. 

...... 
IVI ROUTE PROM MOHIVE b JEFFERSON ST'S. TO ATSF rUILRoM 
RS I FLDW -1 
RC ,045 .03 ,045 370 ,019 
RX 0 3 110 250 390 670 810 950 
RY 0.8 0 0 0 ..............*.............. 0 0 0 4.3 . 

183 KK CPI 
184 KH M S F  RIIWIOAD 
185 HC 2 
I86 ZZ 

SCHEWTIC DIAGRAM OI S T R W  NE-RK 

I V ~  ROUTIND (.-. > i  O I V ~ S I M I  OR PUMP FLOW 

i .) CONNECTOR I< - - - )  R E T J W  OF DIVERTED OR PUHPED FLOW 

SAC230 



18 DAN 

45 CPA ............ 
Y 
V 

53 RCPR-8 

59 5C2408 

66 CPB ............ 
V 
V 

69 BCPB-C 

9 8  CPD ............ 

101 ........ > DIV-0 
101 DIVERT 

Y 
V 

106 RCPD-E 

112 SCZ4OE 

119 CPE ............ 
V 
V 

122 IICPE-F 

167 CPH 
V 
V 

170 RCPH-I 

176 SCZ4OI 

183 CPI ............ 
1"') RUNOFF ALSO COMWPU) IrT THIS UXATlON 

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

* RUN DATE 06/15/1994 TIllE 12:19:21 ......................................... 

....................................... 
U . S .  ARNY CORPS OF UIOINEERS * 
HYDROLOGIC m4DINEERINC CUITER . 

609 SECOND STREET . 
DAVIS. CALIFORNIA 95616 

19161 756-1104 ....................................... 

I IT HYDRoOWPH TIWE DATA 
W I N  5 M I W E S  IN C O H m A T I M I  IWERVAL 



1 0 STARTING DATE 
0 0 0 0  STUTINC TiME 
200 -Ell OF HYDRoCW.PH 

1 0 ENDING DATE 
1635 m I N O  TIME 

19 C U P N R Y  MARK 

ORDINATES 

COMPWTION I W Z R V A L  .08 HOURS 
WAL *me BASE 16.58 H O ~ S  

ENOLISH W I T S  
DRAINAGE MEA saume MILES 
PRECIPITATION DEPTH INCHBS 
LPNOTH, ELEVATION FEET 
PLoW C W I C  FEET PER SECOND 
STORAGE VOLilME ACRE-FEET 
SURFACE AREA ACRES 
TEMPERATURE DE^UREES PAHRUIH8IT 

I I W O P F  8 m Y  
PWW I N  CUBIC CELT PER SECOPm 

TINE IN HOURS, M E A  IN SPUiWE MILES 

OPERATION STATION 

HYDROORAPH AT 
SIC230 

"YDROORAPH AT 
SAC235 

2 COHBINED LT 
CAC216 

ROWSI) TO 
PAC236 

P W  TIME OP 
FWW P W  

IIVERAOE FLGW FOR HIWIMM PEPiOD 

6-HOUR 24-HOUR 72-HOUG 

BASIN HIWIMm TIME OF 
UIRU STAGE HIW STAGE 

HYDROORAPH AT 
DAM 

R O W E D  TO 
IICPA-8 

HYDRODRAPH AT 
SC2408 

2 COHBiNED AT 
CPB 

ROWED TO 
RCPB-C 

HYDROORAPH AT 
SC240C 

2 COMBINED AT 
CPC 

ROWED TO 
RCPC-D 

HYDRODRAPH AT 
SC240D 

2 CONBINED AT 
CPD 

DIVERSION M 
01"-D 

HYDROORAPH AT 
OlVeRT 

R O W E D  To 
RCPD-E 

HYDROORAPH AT 
SC24OE 

2 CONBINSD AT 
CPE 

Romeo TO 
RCPE-F 

HIDRODRAPH AT 
SC24OF 

2 COMBINED AT 
CPP 

R O W E D  TO 
CPF-G 



HYDRajRI?" AT 
SC24OC 

2 CONBINED &T 
CPD 

ROUTED TO 
RCW-H 

HYOROCWIPH RT 
SC240H 

2 CONBINED m 
CPH 

ROUTED TO 
RCPII-I 

HYOROOWIPH AT 
SC2*01 

2 CONBINED AT 
CPI 



RATIONAL METHOD PARAMETERS 



L 013ATION D A T A  

- - Orai nags A r e a  tu.93 ,ac res  

~ a t e r c o u r s e  L e n g t h  4 6 S S . O  f e e t  

- ,  5 I o p i  .O I S 7 9  f e e t j t e e r  

F'oo.qi?ne:;s C o e f f i c i e n t  (!:by) .05:'0!? 



ss 8 
! I  1 . :  Date: 0'7.- I S - .  l 9 9 l l  

L O C A T I O N  D A T A  

Drainage Area Covet-: - 

DESI 'Zb l  D A T A  

Drai i?ag~ Area 6 8 . 8 ' j  ac-~e. ;  

W - t -  -,.- n ei ~ o n r s e  L.ength 3 6 9 6 . 0  feet 

Top Ele5dation ? ? 1 1 . 0  feet 

Eottom Elevation 21 i 2 . 0  feel: 

5 lope , 0 2 6 7 9  feet/feet 

Roughness Coefficient ( K b )  .05 105, 

IO-Year, F - H n u r  Rainfall 2 .24 iiicher; 

tivdrolo~~ical Summary  Tab1 r 
- - - - - - - - - - - - -  



I..OCATTON C'ATA 

I. oc ,3 t i n : . . - - \ E J ! U _ . . / 1 ? ~ I w e r j _ -  

2 r . o j s c t  Name: .- S u b r ~ a  i c l :  .-%4% 

D v a i n a q e  A r e a  C o v e r :  - - 

C, E $ Ii;P! D/\'l-A 

D r a i n a g e  Are; 

W a t e r c o u r s e  L e n g t i i  

2 i .  10 a c r e s  

1 7 4 2 . 0  f e e t  

T o p  E l  s v a t i o n  ? 1 5 5 . 0  f - - t .  C Y .  

B o t t o m  E l e v a t i o n  2 0 9 8 . 0  f e e t  

i i oog l i nsss  C o e f f i c i e n t  ( Y b )  .041!00 

t o - Y e a r ,  6 - H o u r  R a i n f a 1  1 2 . 2 4  i n c h e s  

Hyclt"o1 o g i  c r l  Summ,,at"y .r.nb; e 
- - - - -  



F'ioa;:; Coni:r<: i i  C"i : : t i ' l  i: o f  i ; l a r i c . > p a  f:i2!!ili-:i 

Hv.-li.,o l o g i c  E ; ; . ? i q n  ,!3n1.ia: R ,  bl.++h:,i 

S 5 I 

r n !  I l I : - - ---- C a te : 0 5 - / 8 .- 1 (3 9 4 

iOCATIGN DATA 
I 

O r . s i i n a g e  A r e a  i o ' $ e r :  

OESIGN GATA 

Csrai n a q e  A r i a  2 3 . C 4  a c r e s  

\~d-t- j c ,  .el -. ~ o u t - 3 ~  - i e i i g t h  1 5 3 1  .0 fe::t 

Top E l e v a t i o n  2 1 4 0 . 0  -:?st 

G n t t o m  E l e v a t i o n  2 0 8 6 . 0  f + i t  

:: 1 ope , 0 3 5 2 7  f e % t / f c e t  

R o l l g h n e s s  C o e f f i c i e n t  ( K b )  .04000 

1 0 - Y e a r ,  F - H o u r  R a i n f a l  1 2 . 2 4  i n c l i s s  

H >, .-, - ' . . 
. 0 1  Summary  Trqlsle 

- - .- - - - - - -. - - .. - - - - - .. .. .. .. . . - ." - - 



Dra i t i ac je  A r e a  C o v e r :  

PEST!;:! C,"-T" 

i? r% a i n 3 I, -: ,:',, r 5 a 1 j . 12 a c r e $  

Wat ; i r cou rse  L5ng.tt l  6 6 6 .  0 f i ~ e t  

Top E l e v a t i o n  7 1 2 8 . ~  fe.:t 

B o t t o m  E l e v a t i o n  2.1377 '0 f z ? e t  

5 l o p e  . ~ 7 & 3 4  f~.+i : ; f+et 

Eo~ig1iner;s C o s f f  i c i ? n i :  ( l i b )  . O : ! L k O I l  

I u - . Y : ~ q i .  - 1 O-t ic ! .~ r  R a i n f a 1  1 i ,  24 i n z h e s  

II . I J ,  , c~ ... o l o g i c a ' i  Si!riimary T a b l e  
- - - - - - - - - - . . . . - - - - .. - - - - - - - - - 



Flooc l  Conti..:l p:si:i-.ic.l. o f  i~i??icc, i : j ,? C ! i ~ l . , i r i  

1.1 y i.o 1 i c  De 5 i g i? ivI ~l n !Is ! R a t  .i c,ii,? i i.i:.+t hcl.1 

Lsra inaqe A ~ e a  Cover.:  -- ---- -- -. 

Top E l e v a t i o n  ? 1  1 6 .  !:I f e e t  

F i ~ u g l ~ ~ ~ i e ~ i s  C o e f f  : c i e n t  i 1Kh) . 0 3 4 0 0  



2 
k 

Conip i i t@d b y :  ~ i i . 2 :  oC, - - i . . -  ,, I994 

L O C A T I O N  D A T A  

I . . o c ~ ~ t i o n :  - cDc,d.tJvw VJ6qG --- /IN1 mm-3 

P r o j e c t  Name: -&2.&.3%- ~ i i b a r a a  i c l :  s~~~ 

prai,la,2* p..e,2 c o v e r :  

D r a i  i l a g ~ ?  .:\i'ea 

W a t e r c o u r s e  L e n g t h  

.. 
: ~ p  E l e v a t i o n  

B o t t o m  E l e v a t i o n  

S l o p e  

3 , g o  a c r e s  

5 8 1  . 0  f e e t  

2 121). 0  t:ei:-t 

2 9 i ; s .  C' t 3.:.t 

. 0 8 7 7 8  fe:-.i:,,"+i;t 

Roughness  ' C o e f f i c i e n t  ( K b )  ,04300  

IC- - ' /+ ,a r ,  6-Hc1.i" R a i n f s l  1 2 . Z L  i n c h e s  



F i  o o d  Co i? t t "o l  D i  s t r i c t  o f  I~l,qi..io,>/ja :~iji>t)i 

l i y d r . ~ 1 n , j i c  D e s i g n  Manii,? 1 E a t  l o i l a l  M ,~ t l i . >d  

L O C A T I O N  DATA 

I - o c . 2 t i ~ n  : C A s A t J O u  UJASJ, /vJ1&&r\l831~? 

P r o j e c i :  i .~3me: -I?&%&~-----_ subare,? jcl :  $&~t. \ .  

D r a i  n a l e  i o s , * r :  -- 

DESl 'GbJ '7ATfi 

Dvai n ~ g e  A r e a  4 . 8 6  i c r e l ;  

W a t e r c o u r s e  L e n g t h  634.12 F e e t  

Top E l - v - t - i u ~ ?  2 i 2 0 . 0  " i ~ t  

r j 0 t t t 3 : 1 1  E l  e v a t i o n  2067 ,CI f e e t  

S I ope .OQ3E0 f e e t / f c e t  

Roughness  C o e f i ' i c i e n t  ( K b )  . 0 4 3 0 0  

1 0 - Y e a r ,  6 -Hour  R a i n f a  i i 2.2i4 i n c l ~ + s  

I - l y d r o l  o g i c a l  S~ i rnn~s ry  T,sb!+ 
. - - - - .. .. - - - - - - - .. - - - .. .. . - . . . . - - - 



romput,zrl b y ;  % L-. , > . q k ? ,  g !  - ,153- i S S ? ,  

l OCATTON DATA 

L o c a t  i o n  : e~f_n.~-w~Lvlll+~~CXLG3 
. G W Z  P r o j e c t  Name: -9- s a b a  r.?a ; cl l 

@ r , s i  i r3ge  ,Area 5 o v e r  : - - 

re E S I ;; N C' AT A 

0 ~ ~ 3  i n a g e  A r e a  6 3 . 7 0  a c r e s  

W a t e r . c o u r s e  I - e n g t h  3 6 0 0 . 0  f e e t  

T o p  E l e v a t i 7 n  2 1 6 3  . o  F > + t  

E i o t t o m  E l e v a t i o n  2 0 6 0 . 0  f e e t  

?. 
.2 1 o p e  . 0 2 8 S  I  f e e t / f e e t  

~o~.~~;jl?i?s,?% C o e f l ' i c i s n t  ( i i i > )  . 0 3 3 0 0  

. ! o - \ i e a r ,  E - H o i ~ r  F i . 2 i n f a l  l 2 ,  2 4  i ?,,.:hi: 

H y d r o l o g i c a l  Summary T a b 1  e 
- - - - ., - .. . ... . - - . . - . . . . . - - - - - .. -. .. 



TABLES 



TABLE 11-1 C-COEFFICIENT TABLE 

*C-Coefficient taken fa 2-1% storm for use with the RATIONAL computer program 

C-Coefficient fa Undeveloped Desert: .35 
C-Coefficient fa Suburban: .35 
C-Coefficient fa Paved Roads: .SO 
C-Coefficient fa Unpaved Roads: .65 

TABLE 11-2 Kb COEFFICIENT TABLE 

A - Desen Rangeland 
B - Residential 



TABLE 11-3 PERCENT IMPERVIOUS AREA 
(RTIMP) 

TABLE 11-4 INPUT PARAMETERS 
S-GRAPH METHOD 





Y? / @fi/los~. D ,  - p - 3% " % 2 2 " L,,?,~A 
~ b J  = 3.S$-f CHART 6 

*ADDITIONAL SIZES NOT DIMENSIONED ARE HEADWATER DEPTH FOR 
LISTED I H  FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS 

BUREAU OF PUBL~C ROADS JAN 1953 WITH INLET CONTROL 

5-26 



CHART 6 

'ADDITIONAL SIZES NOT DIMENSIONEO ARE HEADWATER DEPTH FOR 
LISTED I N  FABRICATOR'S CATALOG C. M. PIPE-ARCH CULVERTS 

B u ~ ~ i i u  OF PUBLIC R 0 A 0 5  J ~ N  1963 WITH INLET CONTROL 



CHART I 
ri2 

10 X 10 CBC AT THE RAILROAD 
with Outfall System 



CHART I 

10 X 10 CBC AT THE RAILROAD 
without Outfall System 



I....".."....'r*r....~.........".*tt.l..~..., 
HEC-2 WATER SURFACE PROFILES 

version 4.6.0: ~ebruary 1991 

RUN LATE 15-94 TIHE 11:45:11 . ............................................ 

..................................... 
HEC-2 WIT= SURFACE PROFILES 

version 4 . 6 . 0 ;  February I991 ..................................... 

U . S .  M Y  CORPS OF WCINEERS 
HYDROLOOIC WOINEERINC C m E R  * 

' 609 SECOND STRBET. SUITE il 
DAVIS. CALIFORNI.9 95616-4687 

19161 756-1104 ....................................... 

PAGE 1 

.... 
J1 ICHECR INQ NIW IDIR STRT METRIC WINS Q WSEL FQ 

Jl VARIRBLE CODES FOR S W Y  PRIWR3m 

I - 3 8  + 3  I 2 8 26 4 412 53 54 
2 587 323 

NC ,045 ,045 ,020 .1 .I 

CASRNORO WISH OWFALL 
IWILROAC EQUIPNUIII CROSSING CULVERT 

X1 0.012 
CR 2071 

10 9995.1 10005 
9910 2070 

DR 2061.5 LOO05 
9992 

2070 10005.1 

9160 
10019 

PAOE 2 

I 
XI 0.055 11 
Oil  2070 

9990 10010 
8960 

LOO 
1068 9010 

100 100 

DR 2066 9990 2064.7 lo000 
2066 9210 2066 9805 
2055 10010 2068 

2066 
10023 

9892 
CR 2072 10130 2 0 7 0  LO030 

JEFFERSON STREBT 

PT 2 4041 
PI 0.074 

122 

I 
12 

CR 2072 
9954 '10060 

9120 2070 
96 

9180 
103 

2068 
100 

CII 2066 9750 2067 9210 
9954 2066.2 

2066 
10000 

9400 2065.2 
2067 10060 

9 5 6 0  
OR 2070 10102.4 2072 10136 2068 10100 



Xl 0.139 11 9982 10032 ID0 100 100 
XP 9925 2071.1 
OR 2070 9680 2071 9810 2071.1 9925 2071.1 9 9 1 6  2072 9 9 7 9  
OR 2070 9982 2 0 6 9 . 1 7  10000 2070 10012 2072 10032 2072.5 10096 
GR 2080 I0260 

ADiOlMS STREET 

XI 0.169 9 9984 10022 102 LOO 100 
DR 2076 9702 2074 9815 2072 9984 2071 2 10000 2 0 1 2  
CPI 2 0 1 4  10022 2077 10029 2078 lOliS 2080 10167 

10012 

aT 2 370 79 
X1 0.216 9 9983 10026 1 4 5  147 145 

I GR 2077.3 9763 2077.4 9825 2076.4 9929 2075 9981 2074.5 10000 
DR 2015 10014 2076 10026 2078 10063 2080 10102 

15-94 11:45:13 P W E  1 

82 
9710 

10050 
10404 

58 
9790 
9'184 
loll0 
10372 

58 
9895 
10032 

100 
9982 
10185 

LOO 
9985 

10065 

HL O W S S  L-sRM( ELVl  
VOL n*A  8-eANX ELEV 
W N  E M I N  SSTA 
C O W  TOPWlO ENDST 

'PROF 1 

STA= 9995. 9995. 10005. 10005 
PER Q= .O 100.0 .O 
MEA= .3 65.3 . J 
"EL= 1 9.0 .I 

DEPTH= 3.3 6.6 3.3 

3265 DIVIDED FWW 

I 3301 W CWVIOED NORE TKW WINS 



F W W  O I S T R I B ~ I O N  FOR SECNC); .02 CWSEL= 2069.48 

STk 8834. 8815. 8923. 9080. 9140. 9882. 9993. 10004. 10009. 10020. 10030. 10037, 
PER Q= .a . O  .I 2.1 70.4 19.5 5.6 8 1.0 . I  .O 
AREA= 9.7 11.4 13.7 148.7 3322.7 719.1 82.8 32.4 4 . 3  24.8 5 . 5  
"EL= . O  . D  .O . I  . 1 .2 . 4  2 . L I .O 

DEPTH: 2 .2  . I  2.5 4.5 6.5 7.5 6.5 4.5 2.5 .7  

S E N 0  DEPTH CWSEL CRlWS WSELK ED W HL OWSS L - B W  ELEV 
Q Q W B  OCH QROB A W B  ACH i\ROB VOL I W A  R - B W K  ELEV 
TIHE Y W B  VCH M O B  XNL XNCH XNR WM ELHIN S9TA 
SLOPE XWBir XLCH XWBR ITRIAL IN: ICOlPll C O W  TOPWID ENDST 

FWW DlSTRlBlPIlION FOR S E N O ;  . 0 4  CWSEL.; 2 0 6 9 . 4 8  

STA= 9082. 9145. 9160. 9775. 10004. 10013. LOOl9. 10026. 
PER Q= .3 .5 41.2 51.2 .7 .2  . O  
ARC&= 46.4 37.2 2446.3 1233.5 40.3 14.9 4.9 
"EL= .O .1 1 . 3  .1 .I .O 

DEPTH= .7 2.5 4.0 5.4 4.5 2.5 .'I 

'SECNO ,055 

3302 WelRNIND: CONYEllUiCE C W C E  OVTBlDE OF ACCEPI.&BLE RIVICE. I(W\TIO = -52 

,055 4.78 2069.48 . O O  . O O  2069.48 .a0  .OO . 0 0  2066.00 
581.0 546.0 36.3 4.7 3235.8 82.6 36.0 19.0 4.9 2066.00 

.34 . 1 7  .44 .11 ,045 ,020 ,045 , 0 0 0  2 0 6 4 . 7 0  8973.05 
.000005 100. 100. LOO. 0 0 0 . O O  1055.L2 LO028.L? 

ST*= 8913. 9010. 9210. 9805. 9892. 9990. 10010. 10023. 10028 
PER Q= .3 11.8 61,7 9.0 10.2 6.2 .8 . O  
AREA= 21.3 495.6 2069.4 302.6 340.8 82.6 32.2 3.8 
VEL= 1 1 .2  .2 .2 .4 1 1 

DEPTH; .7 2.5 3.5 3.5 3.5 4.1 2.5 .7 

SECNO DBPTH C W S ~ L  CRIYS WSEM EC w HL oms* L-BWK ELEY 
Q QWB OCH QROB *LOB ACH ~ O B  VOL WA R-BM =LEV 
TIME V M B  VCH M O B  XWL XNCH XMI WIN E M I N  SSTA 
SLOPE XWBL XLfH XWBR ITRIAL IOC I C O W  C O W  TOPWID ENOST 

FLOW DISTIIIBLFTION FOR SECNO; .07 CYSEL; 2069.48 

STA; 9188. 9210. 9400.  9 6 6 0 .  9150. 9954. 10060. 10100. 10102 
PER Q= - 2  12.3 35.6 12.1 18.0 19.8 1.8 .0 
ARV\= 16.4 470.9 1008.4 349.1 601.6 305.1 79.1 1.3 
"EL= . O  .1 .1 .I I .3 1 .O 

DEPTH= .l 2.5 3.9 3.9 3.0 2.9 2.0 .7  

* S E N 0  ,093 

3302 WARNING: CONYEYWCE C W O E  OVPSiDE OP IICCEFLW3L.E m E ,  KRITIO = .26 

FWW OISTRIBLFTION FOR SECNO; .09 WSEL;  2069.48 

STA= 9211. 9266. 9750. 9920. 9964. 10030. 10220. 10227 
PER Q= .2 7.9 2.8 3.5 37.3 48.1 .2 

IIRV\= 8.5 232.0 81.5 54.1 163.0 471.1 5.5 
"EL= 1 .I 1 .3 .9 .4 .2 

DEPTH= .2 .5 .5 1.2 2.5 2.5 .7  

.SECNO ,112 
3685 20 TRIALS RTTUIFTED WSEL,WSEL 

PACE 6 





1720 C R l T I C A L  DEPTH ASSUMED 
,188 2.15 2074.65 2074.65 

390.0 3.7 186.3 . O  
.59 1.11 6.69 . 0 0  

, 0 0 5 1 0 5  103. 1 0 0 .  101. 

S E N 0  DEPTH CWSEL CRIYS 
a QWB QCH Q R O ~  
TIME Y W B  YCH W l o S  
SLOPE XWBL XLCH XLOBR 

WSELK EO W HL O W S S  L-BRNK ELEV 
AWB ACH MOB ML W R  R-BANK eLw 
YNL YNCH YNR YRI EMIN SSTA 
ITRIAL. iDC I C O W  C O M  TOPWID -ST 

P W W  DISTRIBWION FOR SECNO; .I9 

STR; 9966. 9976. 10022. 
PER a= 1.0 99.0 
M a =  3.4 57.8 
"EL= 1.1 6.7 

DEPTH; .3 1.4 

.SECNO ,216 
3685 20 Tambs  rwrnmm WSEL.NSEL 
1 6 9 1  PROBABLE H I N I M M  SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

,216 1.69 2076.19 2076.19 
370.0 45.8 324.0 .2 

.60 1.68 6.12 .49 
,005155 145. 1 4 5 ,  147. 

ST& 9937. 9983. 10026. 10030 
PEP. Q-  12.4 8 7 . 6  .O 
MU\= 27.3 52.9 .3 
"EL= 1 .7 6.1 .5 

DEPTH= . 6  1.2 .I 

.SECNO ,235 
1685 20 TRIALS ATLIEWFPED WSBL,CWSEL 
3693 PROBAsLE HINilRM SPECIFIC hlERCY 
3720 CRITICAL DEPTH rssmeo 

,235 1.74 2077.70 2077.70 
170.0 9.2 360.8 . O  

. 6 1  1.12 6.52 .00 
,004678 9 0 .  loo. 92. 

PWW OISTRIBIIION FOR SECNO; .23 

PACE 10 

SECNO DEPTH cwseL CRIWS 
Q Q W B  QCH QROB 
T I M E  V W B  VCH VROB 
S L O P E  XLOBii XU." X W B R  

WSELK EC W HL O W S S  L-BANN ELEV 
A W B  ACH M O B  VOL W A  PI-srn ELEV 
YNL XNCH mR WM & W I N  SSTA 
ITRIAG IOC I C O W  C O W  TOPWID WOST 

.SECNO ,242 
3685 20 TRIALS ATLIEMPTED WSEL,CWSEL 
3 6 9 3  PROBIBLE HINIMM SPECIFIC W U l O Y  
3720 CRITICAL DEPTH ASSUMED 

,242 1.87 2078.64 2078.64 
1 7 0 . 0  17.0 340.4 12.6 

.61 .96 5.77 .96 
,003857 36. n. 46. 

PER Q i  4.6 92.0 3.4 
m a =  n.7 58.9 13.1 
"EL= 1.0 5.8 1.0 

DEPTH= .3 1.4 . 3  

ACCEPTABLE W O E .  KIUTIO = 1 . 8 4  

ST*= 9981. 10087. 10098 
PER Q= 98 .7  1.3 
= 128.6 6.4 
"EL.= 2.8 .8 

DEPTH; 1.2 .6 



3685 20 TRIALS ATIIEHPTED WSEL WSEL 
3 6 9 3  P R O W L E  M l N l M M  SPECIFI~ WERCY 
3720 C R I T I C A L  DEPTH r s s w w  

,268 1.56 2079.86 2019.86 . 0 0  2080.25 
350.0 . 1 9  

. o  350.0 
.19 

. O  .O 69.8 . O  .08 2080.00 
.62 .OD 5.01 . O O  ,000 , 0 2 0  13.5 1 . 6  2080.00 

.006448 65. 86. 82. 20 8 
.ooo ,000 2078.30 9988.99 

0 .OO 90.59 10079.58 

SECNO DEPTH W S E L  CRIWS WSELK V j  
Q 

"7, 
Q W B  QCH 

HL 
QROB A M B  ACH OMSS L-BWX ELEV 

TIME V W B  VCH MOB "OL 
mos XNL 

1WA 
XNCH XNR 

R-BRNX ELW 
SLOPE Y M s L  YLCH Y W B R  ITRIAL IDC WW ELWIN SSTA 

ICOIPIl C O W  TDPWID ENDST 

FLOW DISTRIBUTION W R  SEMO; .27 CWSEL; 2079.86 

STA= 9989. 10087. 
PER Q= 100.0 
ME%= 69.8 
"EL= 5.0 

DEPTH; .8  

.SECNO ,279 
3685 20 TRIALS I\TIIWPTED WSEL.WSEL 
3693 PROBABLE HINIIRM SPECiFIC ENeAOY 
3720 CRITICAL DE- ASSUMED 

,279 2.01 2081.31 2081.31 
350.0 

.OO 2081.90 
. O  302.3 47.7 5 9  

.o  
.32 .06 2082.20 

.62 . a 0  6.61 1.88 ,000 ,020 
45.8 25.1 

,045 
33.6 14.7 2080.00 

,004539 54. 60. 5B. 20 LI -000 2079.30 9980.07 
0 . 0 0  67.08 10047.15 

FWW DISTlllBUTION FOR SECNo; .28 CWSEL; 2081.31 

STA= 9980. 10OiO. 10040 .  10047 
PER Q= 86.4 13.4 . 2  
M W =  45.8 24.1 L.l 

"EL= 6.6 1.9 .6 
D&PTH= 1.5 .8 .2 

.SECNO ,293 
3685 20 TRIALS AWEMPTEO WSEL.WS&L 
3693 PROBABLE HINIIRM SPECIFIC WERCY 
3720 CRITICAL DEPTH ASSUMW 

,293 1.97 2082.21 2082.27 .OO 2082.52 .25 .21 .OJ 2081.00 
350.0 47.8 250.4 51.9 38.9 53.6 75.0 3 . 8  15.0 2081 00 

. 6 1  1.23 4.67 .69 
,002078 

,045 
70. 

,020 
74. 58. 6 0 . O O  153.L6 10282.32 

,045 
20 

,000 2080.30 9929.16 

P W W  DISTRIBUTION FOR SU-NO; .29 WSEL= 2082.27 

STA= 9929. 9942. 9990. 10023. 10032. 10280. 10282. 
PER Q= .2 13.4 71.5 2.5 12.3 
Mu= . O  

1.8 37.1 53.6 1.0 67.8 
"EL.= . 4  1.3 . 6  

.3 
1.3 4.1 

D B m ;  .I 
. 4  

.8 1.6 .8 .3 I 

SECNO DEPTH CWSEL CRIWS WSELK eo 
Q 

"" 
QLOB QCH 

HL 
QROB A W B  ACH O W S S  L-BANK ELEV 

TIME "LOB VCH MOB VOL 
VROB XIL 

Tw* 
XNCH m m R-BWX eLEv 

SLOPE XWBL XWH XWBR ITRIAL lDC EMIN s r m  
ICONT c o r n  TOPWID ENDST 

'SECNO ,312 
3685 20 TRIALS ATIIWPTW WSEL.WSEL 
3693 PROBABLE MINI- SPECIFIC WERCl 
3720 CRITICAL DEPTH ASSUHW 

,312 2.08 2083.08 2083.08 
350.0 

.OO 2083.52 
.O 350.0 .O 

.44 .34 
.O 65.6 

.06 2084.00 
. 6 1  .OO 5.33 .OO .a00 .O 34.1 

, 0 2 0  
15.5 2084.00 

,006457 93. 100. 100. 20 ,000 
8 0 .00 77.42 10009.85 

.DO0  2081.00 9932.43 

FLOW DISTRIBLWION FOR SECNO; .31 WSEL= 2083.08 

STA= 9932. 10014. 
PER Q= 100.0 
M U =  65.6 
"EL= 5.3 

DEPTH; .8 

'SECNO ,331 
3685 20 TRIALS ATIIEMPIIW WSEL.WSEL 
1693 PROBIBLE M ~ N I M R ~  SPECIFIC W ~ D Y  
3720 CRITICAL DEPTH &SSUMW 

,331 2.65 2085.29 2085.29 
350.0 28.5 241.3 

.OO 2085.98 .69 
80.2 10.6 

.48 
30.6 40.6 14 2 .07 2083.00 .64 2.6'3 7 . 8 9  1.98 ,045 ,020 15.7 2084.00 

.OOPllO 95. 100. 100. ,045 
20 

,000 2082.64 9982.42 
11 0 .OO 66.58 L0049.00 

FLOW OISTRiBWlON FOR SU-NO; .33 WSEL= 2085.29 

STA- 9982. 9985. 9990. 10003. 10020. 10049. 
PER Q= 7 7.5 68.9 14.9 8.0 
Ma= 1.7 8.9 30.6 2 . 9  18.7 

VEL= 1.4 2.9 7.9 2.4 1.5 , 
DEPTH; .6 1.8 2.4 1.3 .6 



PACE 1 3  

I :: 
T1 CliSlUIOP.0 WASH WITH DM 
T4 THIS MODEL iiEFLECTS THE WATER EURPACC ELEVATION OF THE Q 1 0 0 . 6 H l l  STORM 
T4 CONSIDERING THE OUTFALL e w e  .m se ia PLACE. 

I I Jl ICHWK INQ N I W  IDIR STRT HETRlC WINS Q WSEL FQ 

3 2061 .6  

SECNO DEPTH CWEEL CRiWS WSELI ED W HL OLOSS L-- ELW 
Q QLOB aCH QROB ALOB ACH M O B  VOL 
TIME "LOB VCH 

Wii 
VROB XNL XNCH m Yrm 

R-SAW ELWl 
E U I N  SSTA 

SMPE XLOBL XLCH XWBR ITRIAL IDC ICONI C O W  TOPWID UmST 

'PROF 2 

CCW; .100CEW= , 3 0 0  
'SECNO ,012 

,012 4.10 2065.60 . O O  2065.60 2066.58 . 9 8  
321.0 . O  121.0 . O  1 40.6 .I 

.OO .Oi 7.96 .01 ,045 ,020 ,045 
001748 0. 0 .  0. 0 0 0 

FLOW DISTRIBUTION FOR SWNO; .Ol CWSEL= 2065.60 

ST&= 9995. 9 10005. 10005 
PER Q. . o  l00.0 . O  
M E R =  -1 40.6 1 
"EL- .O 8.0 .O 

DEPTH: 2.1 4.1 2.1 

3301 W CHlWOED MORE T W W  WINS 

3302 WARNIND: COWEYIWCE CWWGE OUTSIDE OF ACCEPT-LE RUICE. KFATIO = 13.47 

STA= 9120. 9140. 9882. 9991. 10004. 10009. 10020. 10023 
PER Q- .I 56.2 31.0 10.5 1.1 .8 .O 

I AREA= 7.0 1248.7 408.8 52.1 18.4 18.5 1.2 
"EL= 1 .I .2 .7 .2 .I .O 

DEPTH= .I 1.7 3.7 4.7 3.7 1.7 3 

1 
1 5 m 9 4  ll:45:13 

SECNO DEPTH CWSEL CRiWS Y S E U  Vj W HL OLOSS L-BANK ELUl  
QW8 PCH I , ....,,. QROB ALOB ACH M O B  .VOL "-,,A II-BIWX ELW 

M O B  XNL a C H  XNR WM 
SLOPE XWBL XLCH 

E U I N  SSTA 
XWBR ITRIAL IDC ICONI. CORUI TOPWlll WDST 

I PLOW DISTRIBWlON FOR $=NO= .04 CWSEL* 2065.68 

ETA= 9 1 5 5 .  9 .  9775. 10004. 10013. 10015. 
PER Q= .O 2 4 . 2  75.1 .6  . O  
ARE&= 1.7 726.7 593.2 15.1 .7 

"EL= . O  .I . 4  .I . O  

I DEPTH; . 3  1.2 2.5 1.7 3 

'SECNO , 0 5 5  

3102 WAKNIND: COWEYIWCE CHANCE OUTSIDE 01 ACCEPTABLE W O E .  KRITIO ; .15 

I 
-055 1.98 2066.68 .OO .00 2066.69 .Ol . O O  

323.0 275.6 46.9 
. O O  2066.00 

.5 555.7 26.7 1.5 
.16 

6.3 
.50 1.76 .31 ,045 ,020 

4.3 2066.00 

,000387 
,045 

100 .  100. LOO. 0 0 0 
,000 2064 7 0  9141.74 

. O O  872.70 10014.44 

PRCE I4 

PRCE 15 

FLOW DISTRIBUTION FOR S M O ;  .05 CWSEL; 2066.68 

I ST&= 9142. 9210. 9805. 9892. 9990. lO010: 10014 
PER Q= 2.3 63.3 9.1 10.4 14.5 .I 



'SECNO ,014 

3265 DIVIDED FWw 

SECNO DEPTH CWSEL CRIWS WSELK Ui W ilL 
Q  Q W B  PCH an00 awe nc" O W E S  L-BANK ELEV 

TIHE YWB VCH M O B  VOL 
M O B  XNL 

1WI 
rn"" m R - 0 -  ELEV 

L*M 
SWPE XWBL XV.H XWBR ITRIAL IDC E W I N  SSTA 

I C O W  C O W  TOWID UIDST 

FLOW DISTRlBWION FOR SECNO= -07 CWSPL; 2066.71 

ST.%= 9334. 9400. 9660. 9750. 9892. 10060 
PER Q= 2.5 66.1 22.9 5.4 3.2 
MV\= 23.2 285.5 98.8 49.7 16.4 
"EL= .I .3 .3 1 .2 

DEPTH= . 3  1.1 1.1 . 3  . 2  

+SECNO ,093 
3685 20 TRIALS ATIIMPTED WSEL,WSBL 
3693 PROBARLE. HINIMlM SPU-IPIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3 4 1 0  UICROACHW- STATIONS; 9920.0 10236.0 TYPE; 
ELPNCL; 2069.00 ELWCR; 100000.00 

1 TARGET= -9920.000 

,093 .83 2066.83 2066.83 .OO 2067.04 
122.0 .D  45.4 7 5 . 5  . O  8.7 

.21 .02 . 0 6  2067.50 
.27 . O O  

33.0 8 . 0  
5.23 2.32 ,000 

6.7 2066.00 
,015917 

,020 
95. 

,045 
LOO. LOO. 20 11 0 .OO 99.99 10109.16 

,000 2066.00 10009.17 

FWW DISTRlBWION FOR SECNO; 0 9  CWSEL; 2066.83 

ST&= 10009. 10030. 10109 
PER Q= 37.2 62.8 
M m =  8.7 33.0 
"EL= 5.2 2.3 

DEPTH= .4 .4 

'SECNO ,112 
3685 20 TRIALS ATIIWPTED WSEL,WSEL 
3693 PROBABLE MINI- SPmIFIC ENERGY 
3720 CRITICAL DEPTH h99UHED 

9470 WCROACHHLW STATIONS; 9905.0 10142.0 TYPE; 1 TARGET= -9905.000 
ELUICL= 2070.00 ELWCR; 100000.00 

,112 3.60 2069.60 2069.60 . O O  2070.03 .43 
122.0 .o  122.0 

1.02 
.O .O 13.1 

.07 2070.00 
.28 . o  

.OO 1.28 .00  
8.1 

,000 
6.9 2070.00 

, 0 0 7 0 5 2  
.a20 

95. 
,000 

100. 100. 20 16 0 
,000 2066.00 9986.47 
.OO 29.45 10015.92 

SECNO DEPTH N S E L  CRIYS wsem eo w 
Q  

HL 
Q W B  QCH 

OLOSS L-BINK ELEV 
OR00 A W E  Ace MOB "OL TIME YWB VCR TWA 
M O B  XNL )(NCH m R-BWK ELEV 

m S W P E  XWBL XLCH XWBR ITRIAL IOC l C O W  C O R M  TOWID E M I N  $ST& WOST 

FLOW DISTRIBWION FOR SECNO; .11 n*SEL= 2069.60 

STA= 9 9 8 6 .  10020 
PER a= 100.0 
MU= 2 1  . I  
"EL. 5.3 

DEPTH: . 8  

i W W  DISTRIBUTION FOR SECNO; . I4 WSEL; 2070.38 

STA= 9981. 9982. 10032 
PER Q; .I 99.9 
MU\= .1 24.7 

VEL= .8 4.9 
DEPTH; .2 .7  

PACE 16 



1 3681 20 TRIALS ATTFNPTED WSEL.WSEL 
3691 PROBABLE MlNINUH SPECIFiC WERGY 
3720 CRITICAL DEPTH ASSUMED 

S E M O  DEPTH CWEeL Cil IWS WSELK EC HV HL OL05E L - B M  &Lev 

I 
U W B  oCH UROB AWB ACH M O B  VOL n* R - B W K  ELEV 

$ 1  V W B  VCH YROB 1(NL XNCH %Nil WM ELMIN SSTA 
SLOPE XWBL XLCH XWBR ITRIAL IDC ICOm CORUI TOPWID ENOST 

- 
BLOW DISTRIBUTION FOR SECNO= .l5 CWSEL; 2071.46 

.SECNO ,169 

I 7185 HINIMM SPECIFIC WEROY 
3720 carTrcaL DEPTH ~SSUMED 

,163 1.17 2072.37 2012.37 0 0  2072.67 . 10  .64 .Oi 2072.00 
103.0 4.6 98.4 .O 5.7 21.9 .O 8.2 7.2 2074.00 

.29 .80 4.50 .OO ,045 ,020 .000 ,000 2071.20 9952.87 
.005585 102. 100. 100. i 8 0 .OO 60.91 10013.84 

STR; 9953. 9984. LOO22 
PER U =  4.4 95.6 

AREA= 5.7 21.9 
"EL= . 8  4.5 

DEPTH= .2 .7  

'SECNO ,188 
3685 20 TRIALS AT7EMPIIED WSEL.WSEL 
3693 P R O W L =  HINIMM BPeCIFIC WERDY 
3720 CRITICAL DEPTH RSSUMeD 

-188 1.38 2073.68 2073.68 .OO 2074.04 .36 .62 .02 2074.00 
103.0 . O  103.0 . O  . O  21.4 . O  8.1 7.1 2076.00 

.30 .OO 4.81 .OO ,000 ,020 ,000 ,000 2012.30 9980.46 
,006882 103. loo. L O I  20 11 o .no 30.96 loal1.4o 

FWW DISTRIB(RII0N FOR SECNO; .19 CWSEL; 2071.68 

PACE I 8  

I 1 
15-94 11:45:l3 PAGE 19 

S-0 DEPTH CWSEL CRlWS WSELK ECI HV HL owrs L-B- ELEV 
U ULOB UCH UROB ALOB ACH M O B  VOL l W A  R-BIWK ELEV 

I 
TlNE YWB VCH YROB m L  XNCH XNR WM E L N i N  SSTI 
SLOPE XWBL X E H  XLOBR iTRIliL IDC lCOW CORM TOPWID ENDST 

'SECNC, ,216 
7185 H I N I m  SPECIFIC DNEROY 
3120 C R I T I C A L  DEPTH ASSUMED 

I 
,216 .86 2015.3.1 2075.34 .00 2075.59 .25  1.00 .OL 2071.00 
79.0 1.9 77.1 .O 2.2 18.9 .O 8.4 7.5 2016.00 
.PI .84 4 . 0 7  .OO ,045 ,020 , 0 0 0  ,000 2074.50 9969.93 

-006836 145. 115.  ,117. 1 5  14 0 0 4 8 L 4  1 0 0 1 8 . 0 7  

FWW OISTRIBWION FOR BECNO= .22 CWSSLz 2075.34 

I STA= 9970. 9983. 10026. 
Pen a =  2.3 97.7 
AREA= 2.2 18.9 
"EL= . 8  4.1 

D E m s  .2 .5 

I 1SECNO ,235 
3685 20 TRIILE ATTEHPTU) WS&L.CWSEL 
1693 PROBABLE MINI- SPECIFIC hlERCl 
3720 CRITICAL DEPTH ASSUMED 

,235 6 8  2076.64 2076.64 .OO 2076.94 .29 .69 0 1  2077.00 
19.0 .O 79.0 .O .O 18.2 .O 8.4 7.5 2080.00 

I 
.3I .OO 4.35 .OO , 0 0 0  ,020 ,000 , 0 0 0  2075.96 9980.51 

,001062 90. 100. 92. 20 15 0 . O O  11.06 10011.57 

FLOW DISTRIBUTlON FOR SECNO; .23 WSEL= 2076.64 

ST&= 9981. 10023 

I 
PER u =  100.0 

AREA: 18.2 
"EL= 4.4 



'SECNO ,242 
1685 20 TRIALS ATTEHPTIIBD WSEL WEEL 

I 3693 PROBABLE HINIMM SPECIF& WERCY 
3720 CRlTICIL D E ~ H  ASSUMED 

2 4 2  .81 2077.64 2017.64 .OO 2077.93 .28 .26 
19.0 .O 79.0 .O .O 18.5 . D O  2078.00 
.32 

. "  
. o o  8.4 

4.26 .OO ,000 0 2 0  7.6 2018.00 
,007226 

0 0 0  
36. 37. 46. 20 1 i 0 0 0 0  2076.77 9977.27 0 0  13.39 100L0.66 

15-94 1 1 : 4 5 : 1 3  
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SECNO DePTH CWEBL CRIWS WEELX ED W 
Q  

"L 
Q W B  PCH QROB A W B  ACH O W S S  L - a m  ELEV 

I TIHE YWB VCB XNR AROB "OL 
"PO8 m L  

W A  
XNCH 

R-BANK ELEV 
m s w p e  XWBL XLCH XWBR ITRIAL IOC ELMIN SETA 

ICONT C O W  TOPWID ENOST 

FLOW DISTRIBGTION FOR SECNO; ,241 CWSBL; 2077.64 

I 
STh= 9971. 10015. 

PER Qi 100.0 
m U L =  18.5 

"ELI= 4 .I 
OBmH= .6 

FWW D I S T R I B U T I O N  FOR S E m ;  .25 

STA- 9987. 10087. 10089. 
PEil Qi 99.9 .1 
m W =  30.0 .I 
"EL= 2.6 .5 

DEPTH. .3 1 

'SECNO ,268 
1685 20 TRIALS ATTEMPTED WSSL,WSEL 
3693 PROBIBLE H I N l M M  SPECIFIC ENERDY 
1720 CRITICAL DEPTH ASSUWED 

,268 .13 2019.03 2079.03 -00 2079.22 
53.0 

.I9 
.O 

.GO 
53.0 . O  .O 

-02 2080.00 
15.3 

.I3 . O O  .OO 0 0 0  ,020 7.8 2080.00 
." 

3.46 
8.5 

,008278 
, 0 0 0  

65. 86. 82. 20 14 0 
- 0 0 0  207830 9994.83 
.00 41.82 10036.65 

PWW OISTRIB(Rll0N FOR SBCNO; .27 CWSEL; 2079.03 

ST*= 9995. 10087 
PER Q= 1 0 0 . 0  
AREA= 15.3 
"EL- 3.5 

OE-= .4 

SECNO DEW" WSEL CRIWS WSELK ec W 
Q  

HL 
Q W B  QCH QROB A W B  ACH 

OWES L-BANK ELEV 

TIWE V W B  VCH 
M O B  VOL 

"ROB m L  
1WR 

mc" m R - B M  ELEV 
m 

SWPE X W B L  XLCH XWBR ITRIAL Ice ELHIN SSTA 
ICOLFII C O M  TOWID PNDST 

'SEN0 ,279 
1685 20 TRIALS ATTEMPTED WSEL,CWISEL 
3693 PRO-LE HINIMM SPECIFIC UiEROY 
3720 CRiTICAL DEPTH ASSUWEO 

,279 .86 2080.16 2080.16 .OO 2080.40 
53.0 0 52.8 . O  13.2 .02 2082.20 .25 

.2 
.41 

. 3  3 . 0 0  .52 ,000 
. 4  

4.00 
8.5 1.8 2080.00 

.001141 
,020 

54. 
,045 

60. 58. 20 11 0 0 0  31.17 10014.70 
0 0 0  2079.30 9983.51 

FWW DISTRIB(RlION FOR 9ECNO; .28 CWSELs 2080.16 

STR= 9984. 10010. 10015 
PER Q= 99.6 .4 
AREA: 13.2 .4 
"EL; 4.0 .5 

DEPTH= .5 .I 

'SECNO ,293 
7185 MINIMM SPECIFIC U ~ C Y  
3720 CRlTICliL DePTH ASSUMED 

,293 -78 2081.08 2081.08 
53.0 

.OO 2081.30 
1 

.2* 
52.9 

.55 
.O .2 14.3 

.OO 2081.00 
.I4 

. O  
.35 3.70 . 0 1  , 0 4 5  ,020 7.9 2081.00 

8.6 
,007574 70. 14. 58. 11 12 0 ,0415 , 0 0 0  2080.30 9985.99 

.OO 37.76 10021.75 

F W W  DISTRIBGTION FOR S m o ;  .29 CWSEL; 2081.08 

STA= 9986. 9 9 9 0 .  10023. 10024 
PER Q= . I  99.9 .O 
AReA= .2 14.3 .O 

"EL= . 3 3.7 . O  
DEPTH= .O .4 .O 



'SECNO ,312 
7185 HINIMUN SPECIFIC UIEROY 
3720 CRITICAL DEPTH ASSWED 

,312 1.07 2082.07 2082.07 
53.0 

-00 2082.32 
.o 53.0 

.25 
.O 

.75 
. O  13.2 .0 

-01 2 0 8 d . 0 0  
.P5 .00 4.01 . 0 0  ,000 8.6 

,020 , 0 0 0  
8.0 2084.00 

,007432 93. 1 0 0 .  100. 2 LI 0 .OO 26.48 IOUOS.31 
, 0 0 0  2081.00 9978.83 

PAGE 22 

SECNO DEPTH CWSEL CRIWS WSELK EC 
Q 

"" "L 
Q W B  aCH QROB R W B  ACH *ROB YOL O W S S  L-%Wx ELEV 

TIME V W 8  VCH VROB XNL XNCH m TWA 
WRI 

R-BIPNK ELUl  
S W P E  XU)& XV-H XWBR ITRIAL LDC ELNIN 5STA 

ICOW C O M R  TOPWID WDST 

FWW DISTRIBWION FOR SECNO; .3 I CWSEL; 2082.07 

STA= 9979. 10014 
PER Q= 100.0 
MER= 13.2 
"EL= 4.0 

DEPTH; .5 

'SECNO ,331 
3685 20 TRIALS ATFEMmED WSEL.CWSEL 
3693 PROBABLE MINIMUM SPECIFIC UIERCY 
1720 CRITICAL DEPTH ASSVnZD 

,331 1.06 2083.70 2083.70 
53.0 1.6 51.4 . O  

.00 2084.10 .39 .68 
1.2 10.1 . O  

,011 2083.00 
.35 1.29 5.10 .OO ,045 8 . 6  

,020 -000 
8.0 2084.00 

,006321 95. 1 0 0 .  100.  2 0  
,000 2082.64 9986.48 

5 0 .00 1 5 . 8 6  LD002.35 

STR= 9986. 9 9 9 0 .  1 0 0 0 1  
PER a= 3 . 0  97.0 
IRER= 1.2 10.1 

V&L= 1 . 3  5.1 
DEPTH; .4 . 8  

..................................... 
HEC-2 WATER SURFACE PROFZLES 

version 4.6.0; February 1991 ........ f.ff.ff*..*.........lltt 

PACE 23 

THIS R U N  EXECWED I5JLM94 11:45:19 

NOTE- ASTERISK 1.) AT LEFT OF CROSS-SECTIMI NUHsEil INDICATES ME88A0E IN E W Y  OF ERRORS LIST 

A343 - R02 BY -0 
SUPIW\RY P R I r n U T  

SEXNO Q WSEL CRIWS DEPTH VCH TOPWID ELNIN SSTR WDST 

PAGE 24 
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CAWIMI $%NO= ,279 P~oflLe; I CRITICAL DEPTH ASSWED 
CAUTION SECNO= ,279 PROFILE; 1 PROBIBLE MINIMU3 SPECIFIC WEPOY 

CIIW~ON SECNO= ,279 PROPILE; 1 2 0  TRIALS AWUIPTED m BALANCE WSEL 
CAUTION SECNO; ,279 PROFILE; 2 CRITICAL DEPTH I\SSMED 
CAUTION SECNO: ,279 PROPILE; 2 P R O W L S  HINIMm SPECIFIC W E R C Y  
r n r n r o ~  s m o .  ,279 PROPIL&= 2 20 TRIRLS ATFMPPED 1" BALANCE WSEL 

CAUTION PECNO= ,293 PROFILE; 1 CRITICAL DEPTH ASSWED 
CAWION SECNO= ,293 PROFILE; I PROBABLE  HINT^ SPSCIFIC PNERGY 
CAUTION SECNO= ,293 PROFILE; 1 20 TRiALS ATIMPFED 1" BAWWCE WSEL 
CAWION SECNO; ,293 PROPILE; 2 CRITICAL DEPTH ISSWED 
CAUTION SECNO= . 2 9 1  PROBILE; 2 MINI- SPECIFIC WEROY 

CAWION BECNO; , 3 1 2  PIICFILE; I CRITICAL DEPTH ISSMW 
CIUTI.ION SEMO: ,312 PROFIL.; L PROBIBLE HINIMlM SPECIFIC WERGY 
CRUTION BECWO= ,312 PROFILE; 1 20 TETLLE LTPMPTED 1" B I U N C E  WSEL 
C A W I O N  SECNO; ,312 PROFILE; 2 CRITICAL DEPTH I S S -  
CalmION SECNO; ,312 PROFILE; 2 MINI- SPECIFIC ENERGY 
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MARICOPX 
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SCALE 1 - 200' 
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Ycm 3.051 f t  
HGL- 2060 ft. 

L= 2410ft. 

- - - = = - - r n = r n m m m - D D = = -  

TABLE 1 
10-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SIZE 



I = = m m = - m m m m = w m = ~ ~ ~ ~  

TABLE 2 
25-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SUE 



yc- 3.219 ft 
H6L- 2060 ft. 

L= 2410ft 

I - -  

TABLE 3 
50-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SIZE 



Yw 3.814 ft 
HOLE 2060 ft. 

L= 2410ft. 

- = - - = = - m = - m - n m = - = m -  

TABLE 4 
100-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SIZE 



Ye= 3.818 ft 
HGL= 2057 ft. 

L= 2410 ft. 

I = - - = = = - m - = m - m m D - D m  

TABLE 5 
10-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SUE 

I 



= = = = - - - - - - - - r n = = = = = m  

TABLE 6 
25-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SUE 

Yc= 3.896 ft 
HG~= 2057 ft. 

I.= 2410 ft. 



- I = = = = = m I - = = - = - m = D -  

TABLE 7 
50-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SUE 

11 6 4 330 2067.07 2069.87 24 1.2 0.007674 12.25 12.25 2.532 0 0 2.53242 2069.7 2072.2 2080 OK OK 
12 MAN HOLE 10 2069.87 2069.97 0.077 0.1 17 3.1457 3.33897 2072.2 2075.5 2080 OK OK 
13 5 4 300 2069.97 2072.52 20 1.1 11 1 0.012245 14.7 14.7 3.673 0 0 3.67342 2075.5 2079.2 2082 OK OK 



TABLE 8 
100-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY BOX SUE 

Yc- 3.814 ft 
HGL- 2057 ft. 

L= 2410 ft. 



TABLE 9 
10-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



- m m = = = = - m - = = = = - r n  

TABLE 10 
25-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



= = = = = = = = = = - - = - = m - r n =  

TABLE 1 1 
50-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



= - = = - - = - = = = = = = = = = - =  

TABLE 12 
100-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



TABLE 13 
IO-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



= - = = = = - - - = = = = = = = - = =  

TABLE 14 
25-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



- = - - - - = - = = - - = = = - = = =  

TABLE 15 
50-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



TABLE 16 
100-YEAR DESIGN FLOW 

CASANDRO WASH 
PRELIMINARY DUAL PIPE SIZE 



TABLE IV-17 

INLET STRUCTURE CAPACITY for 8 GRATES 

CASANDRO WASH DRAINAGE OUTFALL 
5/31/1994 

Q = CPHA(3/2) WEIR EQ. 
Q = CA(2GH)"S ORIFICE EQ. 

3 For Weir Equation 
0.67 For Ofifice Equation 
32.2 
(ft) Depth of flow 
(ftA2: Area of Opening 
(ft) Perimeter of Opening 

Use P-1-718 Grates 
Sue of Grates 
Area of Each Grates 
# of Grates 
Total Area of Grates 
Opening Ratio 
Effective Area of Grates 
Clogging Factor 
Net Area of Grates 
Total Perimeter of Grates 
Net Perimeter of Grates 

36x48" 
12 
8 
96 
0.8 
76.8 
50% 
38.4 
32 
28 



+ Orifice Eq. - Weir Eq. 

0 P ? * -  " P = ? * N " P  3 2 0 2 0 0 0  7 7 - - N N 
P 9 C 9 - J  X , , ,  

Head, H (It) 

Figure IV- l Graph Discharge vs Head for 8 Grates 



TABLE IV-18 

INLET STRUCTURE CAPACITY for 7 GRATES 

CASANDRO WASH DRAINAGE OUTFALL 
5/31/1994 

Q = CPHA(3/2) WEIR EQ. 
Q = CA(2GH)"S ORIFICE EQ. 

3 For Weir Equation 
0.67 For Orifice Equation 
32.2 
(ft) Depth of flow 
(ftA2: Area of Opening 
(ft) Perimeter of Opening 

Use P-1-718 Grates 
Sue of Grates 
Area of Each Grates 
# of Grates 
Total Area of Grates 
Opening Ratlo 
Effective Area of Grates 
Clogging Factor 
Net Area of Grates 
Total Perimeter of Grates 
Net Perimeter of Grates 

36x48' 
12 
7 
84 
0.8 
67.2 
50% 
33.6 
29 
25 



0 

Figure IV-2 

2 3 

Head, H (ft) 

Graph of Discharge vs Head for 7 Grates 

A Orifice Eq. - Weir Eq. 
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= = D D = = - D D = = = - = m d D m =  

PRELIMINARY COST ESTIMATE 
PIPE CULVERT 

PROJECT: CASANDRO WASH OUTFALL 



PRELIMINARY COST ESTIMATE 
BOX CULVERT 

PROJECT: CASANDRO WASH OUTFALL 


