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Executive Summary 

In January 1994; the Flood Control District of Maricopa County (FCDMC) contracted with 
CH2M HILL to provide preliminary and final design services for the proposed.Casandro 
Wash Dam project. Casandro Wash is an ephemeral stream draining approximately a 3- 
square-mile watershed west of the town of Wickenburg in Maricopa County, Arizona. 
Flooding has occurred in Casandro Wash on several occasions. Some of the more significant 
recent events occurred in 1976, 1983, and 1993. In each of these floods, residents reported 
property damage from inundation and sediment deposition. 

The Casandro Wash Dam is classified by the Arizona Department of Water Resources 
(ADWR) as a small, high hazard dam. The 0.5 probable maximum flood is recommended for 
spillway design purposes by ADWR. Freeboard will be controlled by residual freeboard 
requirement of 3 feet above the maximum routed 0.5 PMF water surface elevation. 

A sedimentation investigation was conducted to estimate potential sediment supply to the 
reservoir site. Sediment deposited in the Casandro Wash Dam reservoir area reduces the 
available storage volume for floodwater. For the purposes of sizing the reservoir, 
approximately 2 acre-feet should be allowed for sediment storage during the 100-year event. 
Monitoring of sediment accumulation should be included in the reservoir maintenance plan. 
According to the District staff, a regular maintenance interval of about 5 years may be 
expected if no large floods occur on Casandro Wash. If maintenance occurs every five years, 
an average of about 2 acre-feet of sediment will be removed. 

Hydraulic structures associated with the Casandro Wash Dam include the low-flow outlet, 
spillway, spillway chute, energy dissipator at the end of the spillway chute, and a 
sedimentation reservoir within the reservoir. Outflow from the reservoir includes a low flow 
orifice, and the emergency spillway. As currently planned, the emergency spillway will consist 
of an elliptical crest, with the crest apex at elevation 2155.0 feet. The proposed spillway chute 
has a slope of 3:1, which is sufficient to maintain supercritical flow. The sedimentation 
reservoir, located near the reservoir inlet, will be designed according to guidelines presented in 
the FCDMC Hydraulic Design Manual, following approval of the site grading plan. 

A geotechnical investigation was performed to obtain subsurface information at the proposed 
dam site and reservoir area for development of geotechnical recommendations for design and 
construction. The field exploration included 13 soil borings and 21 test pits. Laboratory tests 
were performed to characterize the onsite materials and determine their engineering 
properties. A CH2M HILL engineer specified test pit and boring locations, determined 
sampling intervals, and provided general oversight during all exploration operations. 
Laboratory testing included Atterberg limits, sieve analysis, specific gravity, bulk density, and 
moisture content to establish index properties and verify field classifications. The data for all 
laboratory results is included in the previously submitted Geotechriical Data Report (CH2M 
HILL, October, 1994). 



Several dam alignments were evaluated during concept design. All proposed alignments 
extended off the same high point on the right abutment to varying points on the left abutment. 
The foundation-soils are similar for all proposed alignments. The foundation material 
encountered consisted of recent alluvial deposits comprised of loose to medium dense sand 
overlying dense to very dense cemented sand. The depth to the partially cemented material 
varied greatly. The overlying loose soil in the reservoir should be removed and the dam 
founded on cemented or very dense sand. The abutment conditions were similar to the 
foundation except for an increase in the amount of fines present to approximately 12 percent. 
The right abutment is thin in cross section and should be buttressed with fill. Because 
geotechnical conditions are similar at the proposed alignments, the final alignment was 
determined based on other conditions such as spillway size and orientation, reservoir storage, 
and earthwork minimization. 

The proposed dam will be a homogenous earthfill dam constructed of materials excavated 
from the reservoir. Field exploration and laboratory test results did not reveal a suitable low 
permeable material for use as a core for a zoned earth dam. Therefore, a homogenous dam 
with a chimney drain is preferred over importing clay soil for a core. The material in the 
reservoir may be suitable for use in the construction of a RCC dam, but cost and potentially 
compressible foundation conditions eliminated RCC from hrther consideration. 

The top crest width of the dam will be 14 feet. Based on the investigations described in this 
report, a design peak rock acceleration of O.lg is recommended for final design. (Details of 
the seismic investigation are included in the Geotechnical Desrgn Report.) 

Field surveys of the project area were performed from January through mid-April 1994. The 
only known utility within the project area is a 10-inch vitrified clay sewerline, which will be 
relocated. A 6-inch waterline, located north of the detention reservoir, serves the adjacent 
residential properties; it does not require relocation. Generally paralleling the wash alignment, 
the waterline is approximately 200 feet north of the wash centerline. 

On the north side of the reservoir, sewer, water, and electrical services extend along private 
access drives. Service connections for the residential and commercial buildings along the south 
side of the reservoir extend to the south (toward U.S. 60), and away from the project area. 
Service connections do not appear to conflict with the daddetention basin. However, the 
south access road alignment will likely be located over the sewer and water service 
connections to the Ryan property on the right abutment of the proposed dam. Also, the 
overhead power pole for service to residents is located within the dike prism and may need to 
be relocated. 

The 10-inch sewerline has an easement of varying width through the project area. Partial 
relocation of the sewer will require an amendment to the easement description and resubmittal 
to the Town of Wickenburg for their approval. 



The Grading Plan shown in the plan submittal depicts the property parcels in the project area. 
Consideration was given during development of the plan to minimize right-of-way needed for 
the facility. It is anticipated that in lieu of purchasing right-of-way, temporary construction 
easements could.be obtained for certain areas that require grading. 

Access easements will be required for the north and south maintenance roads. 

Construction of the Casandro Wash Dam requires the acquisition of two permits: the Dam 
Safety Permit issued by Arizona Department of Water Resources Dam Safety Division; and 
the U.S. Army Corps of Engineers Section 404 Fill and Dredge permit. The District is 
primarily responsible for obtaining these permits, however, CH2M HILL is assisting in 
preparing applications and in coordinating the permitting efforts. Prior to construction, a U.S. 
EPA Stormwater NPDES permit for construction activities also will be required. 

As part of the concept design analysis, two dam alignments were identified and staked in the 
field during the initial field and geotechnical investigations. They were based on the 
geotechnical setting (for instance, the location of abutments) as well as the storage capacity 
needed to impound the 100-year storm. The alternative analysis consisted of developing 
preliminary earthwork quantities and order-of-magnitude construction cost estimates to 
determine the preferred layout. The results of this analysis showed that one alignment 
(Alignment 11) is more cost effective, shorter, requires less earthwork, and provides better 
hydraulics for the spillway than the alternative. 

Two options were reviewed for the spillway construction: structural concrete and RCC. 
Structural reinforced concrete appears to be the most cost-effective option for constructing 
the spillway and energy dissipator. 

The concept design plan and dam location were the two primary factors in determining the 
extent of sanitary sewer relocation. A profile of the existing sewer was prepared from as-built 
drawings. The digital terrain model, proposed grading plan, and dam alignment were 
superimposed on the profile to determine the extent of required sewer relocation. Two 
alignments were investigated for the relocated sewer. The second alignment consisted of 
routing the sewer under the dam, and it became the preferred alternative. 

The dam can be accessed through portions of existing private drives off the public streets. 
Roads for maintenance access will spur off the private drives and extend to the top of the dam 
on both the north and south side of the spillway, as well as to the upstream and downstream 
toes. 

The preliminary construction cost estimate for the detention basin and dam project is 
$1,164,584. Estimates were developed for the major elements in the concept design 
submittal. A 20 percent contingency was applied for minor items not specifically identified or 
shown. 
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The recommended design features are summarized below: 

Dam location: see plans submittal, Appendix A. 
Damheight: 32.5 feet to the top of the dam; 24 feet to the crest. 
Dam length : 35M feet. Dam top width: 14 feet. 
Embankment slopes: upstream 3:l; downstream 3:l. 
Dam configuration: homogenous earthfill with chimney drain. 
Spillway type: structural concrete, 80-foot width. 
Spillway configuration: elliptical crest. 
Impoundment area : 14 acres. 
100-year water surface elevation: 2155.3 feet. 
Design capacity: 0.5Probable Maximum Flood with 3 feet of freeboard. 
Low flow outlet: 36-inch RCP restricted to a 1.4 ft2 orifice. 



Section 1 
Introduction 

In January 1994, the Flood Control District of Maricopa County contracted with CHZM 
HILL to provide preliminary and final design services for the proposed Casandro Wash Dam 
project. This Final Design Report summarizes the data collected, and presents the results and 
recommendations of the preliminary analyses for the proposed dam. It documents the design 
considerations and the decisions made which led to the concept design plan submittal. The 
work described includes a review of the hydrologic analysis prepared in support of the area 
drainage master study (by others); an analysis of the maximum probable flood for the 
Casandro Wash watershed; a summary of the geotechnical investigations of the dam site, 
detention basin and borrow areas; and the proposed modifications to conflicting utilities. 

Casandro Wash is an ephemeral stream draining approximately a 3-square-mile watershed 
west of the town of Wickenburg in Maricopa County, Arizona (see Figure 1-1). The 
watershed generates approximately 1,770 cfs in the 100-year storm event. The storm runoff 
in the watershed is conveyed through Wickenburg in generally a south to north direction, 
crossing U.S. Highway 60, where runoff is discharga into Sols Wash. 

Downstream of the crossing at U.S. 60, Casandro Wash is characterized by a poorly defined 
alluvial channel within a broad, deep valley. The downstream reaches of Casandro Wash are 
conveyed primarily through undersized drainage channels and inverted crown roadway 
sections. Immediately upstream of the confluence with Sols Wash, a railroad drainage 
crossing structure limits the conveyance capacity of Casandro Wash into Sols Wash, resulting 
in localized flooding of the urban areas between Mariposa Drive and the Southern Pacific 
Transportation Company railroad crossing. 

Flooding has occurred in Casandro Wash on several occasions. Some of the more significant 
recent events occurred in 1976, 1983, and 1993. In each of these floods, residents reported 
property damage from inundation and sediment deposition. 

An Area Drainage Master Study (ADMS) prepared for the District in 1991 recommended the 
construction of a detention dam to reduce the effects of flooding from discharges in Casandro 
Wash. In addition, the plan recommended construction of an outfall stormdrain conveyance 
system downstream of the proposed dam location to the outfall at Sols Wash. 
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Objectives 

The objectives of this report are to: 
-. 

1. Describe the hydrologic, geologic, and g e o t e c h ~ ~ a l  settings for the proposed dam 

2. Identify design- and permitting-related constraints for the structure. 

3. Present the criteria for the final design. 

4. Describe alternative dam locations, sizes, configurations, and construction materials, 
and the evaluation process used to select the preferred alternative. 

5. Present the recommended design (including analysis and evaluation) for review and 
approval by the District. 

6. Present budget-level opinions of probable cost for use in evaluating and budgeting the 
proposed project. 

Information used in this design was derived from a number of sources and previous studies. 
Some of the sources included: 

Topographic mapping dated June 18, 1993, prepared for the District by Aerial 
Mapping Company, Inc. 

Design plans and analyses for the Sunset and Sunnycove Dam prepared by the Soil 
Conservation Service (SCS), June 1975. 

Hydrologic modeling prepared for the Wickenburg ADMS, 1990 

Utilities maps prepared by the Town of Wickenburg 

Right-of-way maps and land ownership information provided by the District 

Value Engineering Meeting 

On April 12, 1994, a Value Engineering meeting was held at the fire station in Wickenburg. 
Hydrology, hydraulics, geotechnical, and unit cost data were presented. Several alternative 
dam alignments, configurations, construction methods, and outlet configurations were also 
presented and evaluated. A summary of those discussions along with the meeting's agenda, 
attendees list, handouts, and minutes are presented in Appendix E. As a result of the meeting, 
refinements were made to the concept plans which led to the current designs shown on the 



construction drawings accompanying this report. Those refinements resulting in significant 
improvement to the initial concept plan are listed below: 

Review of the hydraulics resulted in raising the top of dam to an elevation of 
216215, and modifying the spillway crest. 

The north (left) dam abutment was rotated eastward, which better aligned the dam 
with the natural drainage channel and shortened the length of the dam. 

With the revised dam location and higher dam, the spillway width was revised to 
80 feet. This requires less structural concrete. 

The concept design submittal presents the refinements to the detention basin and dam concept 
grading plan as well as major design elements including the spillway, energy dissipator, access 
roads, and relocated sewer. 

Existing property and right-of-way information was provided by the Town of Wickenburg and 
modified with updated information provided by the District. The grading plan was reviewed 
to minimize the affect on adjacent properties and the purchase of unnecessary land. Existing 
property lines and proposed right-of-way are shown in the concept design submittal. -_ 

Acknowledgments 

CH2M HILL would like to acknowledge the efforts and assistance of the staff of the Town of 
Wickenburg, specifically Mayor Dallas Gant, Town Manager Ben Navdelli, and Building 
Safety Inspector, Skip Blunt. We would also like to thank the Wickenburg Volunteer Fire 
Department for the generous use of their meeting room facilities. 





Section 2 
Hydrology and Hydraulics 

This section describes hydrologic modeling, sedimentation engineering, and hydraulic design 
of outlet structures for the Casandro Wash Dam. 

Hydrologic Analysis 

Hydrologic modeling of Casandro Wash was performed using the USCOE Flood Hydrograph 
Package HEC-1, and the modeling guidelines adopted in the FCDMC Hydrologic Design 
Manual for the design of the proposed detention dam. The 100-year discharge was estimated 
using procedures outlined in the FCDMC publication "Drainage Design Manual for 
Maricopa County, Arizona, Volume I. Hydrolop" (1992). Preliminary design criteria for the 
detention dam require that the 100-year event be substantially detained below the spillway 
elevation and/or the maximum outflow be less than or equal to the hydraulic capacity of the 
proposed storm drain to be constructed downstream of the dam. Preliminary design of the 
storm drain is described in the FCDMC report "Casandro Wash Outfall for Casandro Wash 
Dam" (1993). Design of the storm drain is not part of this project. According to the FCDMC 
report, the capacity of the storm drain is 339 cfs. 

Hydrology 

Hydrologic data for the Casandro Wash watershed were directly obtained or were modified 
from the Wickenburg ADMS, except as described below. Future watershed conditions 
assume 100 percent build-out according to the existing zoning in the watershed to account for 
potential changes in runoff rates over the long design life of the detention dam. Recently, 
development in the Casandro Wash watershed has been rapid. 

Rninfdll. Rainfall was estimated for the 6-hour local storm (drainage areas less than 100 
square miles). Rainfall depths were determined using the PREFRE program provided with the 
FCDMC Hydrology Manual. Rainfall depths were input into the HEC-1 model after 
adjustment for areal reduction using Table 2.2 (p. 2-20 of the FCDMC manual). A depth-area 
reduction factor of 0.985 was used. The adjusted 6-hour rainfall depths for Casandro Wash 
are: 

P2 = 1.39 inch (2-year) 
Plo = 2.20 inches (10-year) 

* P,OO = 3.35 inches (100-year) 

FCDMC design storm pattern number 1.5 was used as shown on Figure 2.17 and interpolated 
from Table 2.4 of the FCDMC Manzcal. 



Rninfall Losses. Rainfall losses were determined using FCDMC Manual tables and Green- 
Ampt soil loss parameters. Surface retention was estimated at 0.10. This estimate was based 
on a theoretical maximum of 0.15 inch for the area's natural conditions, hill slopes, and desert, 
and a theoretical minimum for paved urban areas of 0.05 inch. Development of the area 
typically has been both residential and commercial, with residential development of up to four 
residences per acre. The surface retention or initial abstraction of 0.10 represents a future 
conditions detention basin average. 

Green-Ampt parameters were based on soil characteristics described in the Aguila-Carefree 
SCS Soil Survey Report. Soil units in the waters clay loams, sandy clay Ioams, 
and sandy loams. Soil unit coverages wer ighted using equations and 
methodologies described in the FCDMC Manual ~ o u s n e s s  for the watershed 
was estimated based on full build-out under existing zoning for the Town of Wickenburg. For 
areas within unincorporated Maricopa County without ordinanced zoning, the zoning for the 
Town of Wickenburg nearest the Maricopa County portion of the watershed was used. Future 
condition percent imperviousness averaged about 35 percent for the entire watershed. 

Unit Hyifrogrnpk Clark unit hydrograph procedures were used to develop runoff peaks and 
volumes. Time of concentration equation $5.5 (FCDMC Manual), for desert and mountain 
areas, was used. The detention basin area was planimetered on US Geological Survey 
(USGS) topographic mapping. Watershed length was similarly measured on USGS 
topographic mapping. The detention basin factor Kb for the time of concentration equation 
was determined by areally weighting between the categories of commercial, residential areas, 
Type and desert range lands Type B using Figure 5.5 of the FCDMC Manual. Measured 
watercourse slopes were adjusted, as required, using Figure 5.4 of the FCDMC Manual. Unit 
hydrograph parameters input into HEC-1 were determined using the software program 
MCUHP1 provided with the FCDMC Manual. 

Channel Routing. Channel routing parameters were based on a typical average cross section 
from the dam to an upstream confluence of the two subwatersheds. Only one routing reach 
was needed for the watershed upstream of the proposed dam site. Modified Puls storage 
routing techniques were used, according to guidelines given in the FCDMC Manual. Due to 
the short length of the routing reach, minimal hydrograph attenuation occurs in the model 
output. 

Detention Bmin Routing. Detention basin routing was computed using elevation-storage 
information estimated by planimetering 2-foot contour interval mapping provided by the 
District, and the proposed grading plan and dam alignment provided by CH2M HILL. 
Detention basin outflow was estimated as described in the Hydraulic Structures Design 
section of this report (see p. 2-11), and included both the low flow orifice discharge and 
discharge over the spillway. The detention basin stage-elevation-area-volume relationship 
was adjusted to account for 2 acre-feet sediment storage during the 100-year event, as 
described later in this report. 



Modeling Results. Peak discharge estimates for the flow into the Casandro Wash Dam 
project area are shown in Table 2-1. The 100-year design peak was estimated at 1,769 cfs 
with a total volume of 156 acre-feet. The 2-, lo-, and 50-year discharge estimates are 506 
cfs, 1,028 cfs, and 1,544 cfs, respectively, with volumes of 43, 86, and 129 acre-feet. The 
calculation of-iynthetic skew for the 2-, lo-, and 100-year discharge using procedures 
outlined in Bulletin 17B of the Water Resource Council indicate the synthetic skew is -0.11, 
well within the regional skew of -0.1 computed by the Water Resource Council in Bulletin 
17B. Computation sheets and sample output from HEC-1, 100-year modeling are provided in 
the appendix. 

Probable Maximum Flood 

The probable maximum flood and emergency spillway design criteria for the Casandro Wash 
Dam were determined as specified in ADWR's report "Guidelinesjor the Determination of 
Spilhvq Capaciv Requirements" dated May 1991 (hereafter, "the ADWR Manual"). 

The half-probable maximum flood (0.5-PMF) and full PMF were estimated using procedures 
outlined in Hydrometerological Report 49 (Hh4R 49; Probable Mmimzim Precipitation 
Estimates, Colorado River and Great Detention Basin Drainages, U.S. Army Corps of 
Engineers, September 1977). The HEC-1 hydrologic model was used to estimate the PMF 
and 0.5 PMF. The 100-year HEC-1 model described in the previous section of this report 
was modified by substituting 0.5-PMF and full PMF rainfall distributions. 

Probable maximum precipitation (PMP) for a "local" storm was determined from Hh4R 49, as 
documented in computation sheets provided in the appendix. The PMP analysis included the 
following: 

1-hour PMP of 1 1.5 inches 
No elevation adjustment (site < 5,000 feet) 
6-hour to 1-hour ratio of 1.32 
Areal reduction of 0.25-, 0 .5 ,  0.75-hour PMP values (area = 1.24) 
No areal reduction adjustment for 1-hour to 6-hour durations 
COE alternative incremental PMP distribution (EM#1110-2-1411) 
No areal distribution of the PMP storm 



Application of the PMP depth and distribution to the HEC-1 watershed model for Casandro 
Wash resulted in a PMF estimate of 10,941 cfs (HEC-I file "CASFPMFE.HC1"). The 
0.5 PMF was determined by ratioing the full PMF hydrograph ordinates from the HEC-I 
model using a JR record, resulting in a 0.5-PMF estimate of 5,398 cfs, volume of 203 acre- 
feet cfs (HEC-I file "HPM.HCIU). Computation sheets for determination of PMF and 
0.5 - PMF are included in the appendix. 

Dam and Detention Basin Criteria 

In Arizona, spillway design criteria, as outlined in the ADWR Manual, are a function of the 
hazard classification of the dam. Hazard classification is based on factors such as the height of 
the dam; storage capacity; existing and probable future downstream development; uses of the 
detention basin; operational procedures; type of dam; type of spillway; site and foundation 
geology; the size, slope, material composition, and configuration of the downstream channel; 
and the distance of the dam from the nearest downstream development. The Casandro Wash 
Dam will have a spillway crest height of about 24 feet (total dam height of about 32.5 feet), a 
maximum storage capacity of about 145 acre-feet (below the spillway), will have increased 
future residential development downstream, will be used for flood control purposes only, will 
be uncontrolled, and will probably be earthen with an overflow emergency spillway. 

The Casandro Wash Dam will be classified as a smitl, significant-to-high-hazard dam by 
ADWR due to the presence of more than a small number of habitable structures downstream 
and the potential for appreciable economic losses downstream, according to criteria outlined 
in the ADWR Manual. Table 1 of the ADWR Manual (see appendix) classifies these 
characteristics as "high hazard." The dam is classified as "high hazard" for urban 
development, and "significant hazard" for economic loss. Dam size is a function of its height 
and capacity. The proposed dam's height is less than 25 feet, and its proposed capacity is 
between 15 and 499 acre-feet. These characteristics give the proposed structure a cumulative 
rating factor of 0. According to Table 2 of the ADWR Manual, "small" dams have a 
cumulative rating between 0 and 2. 

Spillway Design Criteria 

The spillway design flood recommended in the ADWR Manual for the proposed Casandro 
Wash Dam configuration is the half-probable maximum flood (0.5-PMF), given the hazard 
and size classification. Small dams in the high hazard class are to have a spillway that passes 
the 0.5-PMF. By comparison, small dams in the significant hazard class are to have a spillway 
that passes the 100-year to 0.5-PMF, as indicated on Table 3 of the ADWR Manual. 

Total freeboard, or the distance between the top of the dam and the spillway crest, is 
determined by the type of dam, the maximum water surface during discharge of the design 
flow (0.5-PMF), wave height and runup, and economic factors. The minimum permissible 
total freeboard for the spillway will be 4 feet, according to the ADWR Manual. 



Residual freeboard, or the distance between the maximum water surface during passage of the 
inflow design flood and the top of the dam, must be a minimum of three feet, except when the 
inflow design flood is the 0.5-PMF or greater. For cases when the inflow design flood is 
0.5 PMF or gr-eater, the residual freeboard may be reduced. Freeboard will be applied to the 
routed 0.5-PMF maximum water surface elevation. Table 2-2 summarizes the spillway design 
criteria for the dam. 

Dam Failure Analysis 

A dam failure analysis was prepared using HEC-1 for review by the District and ADWR as an 
aid in developing emergency response plans for the area. This report was submitted for 
review under separate cover. In this evaluation, various failure scenarios were modeled. The 
scenario with the most significant effect was a rapid breach (15-minute) with a full reservoir. 
The model indicated that the 0.5-PMF water surface elevation between the dam and the 
railroad embankment would increase by a maximum of about 2 feet. The analysis is included 
in Appendix C. 

Outlet Criteria 

The outlet will be used to drain the reservoir by 2 methods: (1) a fixed, ungated orifice, and 
(2) a ~anually operated sluice gate. The outlet orifice must be sized to limit the flow through 

peak flow of the unregulated drainage area between the dam and the 
culvert has passed. The capacity of the controlling culvert allows 

from Casandro v s h  Dam while the peak unregulated flow 

I For the Casandro Wash Dam project, the routed 0.5-PMF of 3,700 cfs is recommended for 
spillway design purposes. Freeboard will be controlled by residual freeboard requirement of 3 

I feet above the maximum routed 0.5-PMF water surface elevation (WSEL). 



Detention Basin Design 

The Casandro Wash Detention Basin and Dam were sized to store the 100-year flood. HEC- 
1 detention basin routings were performed to estimate flood water storage requirements, 
maximum water surface ponding elevations, and to optimize spillway and low-flow outlet 
characteristics. Design of the spillway and outlet will be described later in this report. 

Stage-Storage Capacity Curve. A detention basin grading plan was developed to meet site 
geotechnical and civil requirements (described elsewhere), as well as flood water storage 
needs. A 2-foot contour interval digital terrain model of the detention basin was developed 
using AutoCAD-based software. Level-pool surface areas were determined for each contour 
interval and were checked by planimetering plotted maps of the grading plan. Elevations and 
surface area were used by the HEC-1 model to estimate storage volume. Figure 2-1 shows 
storage capacity and area curves 

Stage-Discharge Rating Curve. Detention basin outflow will low-flow orifice 
outlet until the reservoir fills to the spillwa g the QlOO will also 
discharge over the spillway. The spillway ele ce openlng were varied to achieve 
the maximum outflow without exceeding t ity of the proposed FCDMC storm 
drain downstream. The capacity of the do drain was estimated from a HEC-1 
model provided by the District. Both th magnitude of detention basin outflow 
were compared to the District HEC-1 m t if the capacity was exceeded. Afier 
optimization, a spillway elevation of 2,155 feet and an orifice opening of 1.4 ft2 were selected. 
The spillway rating curve was developed using procedures described elsewhere in this 
Figure 2-1 shows the stage discharge curve. 

Drain Time. The estimated time to drain the detention basin is approximately 136 hours (5 7 
days) through the fixed orifice and assuming no inflow into the reservoir during the draining 
period. This drain time applies to all flows in excess of the 100-year, including the full PMF, 
since flood volumes in excess of the 100-year flow exit through the spillway. Shorter 
times can be achieved by removing or enlarging the orifice, using a 24" x 24" sluice gate 
designed to be operated manually by FCDMC field personnel. 

Maximum Ponding Elevation. The maximum ponding elevations after routing for various 
design events are summarized in Table 2-3 (not including freeboard requirements, if any). 
Maximum ponding elevations were estimated using HEC-1. The proposed top of dam 
elevation is 2163.5 feet. 



CASANDRO WASH: Stage-Area Rating Curve I CASANDRO WASH: Stage-Storage Rating Curve 

CASANDRO WASH: Stago-Discharge Rating Curve 
(two different horizontal scales) 
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Sedimentation Engineering 

A sedimentation investigation was conducted to estimate potential sediment supply to the 
detention basin.-. Sediment yield estimates will be used to predict sediment maintenance 
requirements and estimate sediment storage requirements during the design storm. Criteria 
for design of sedimentation reservoir within the detention basin will be addressed separately. 

Sediment Supply 

Sediment deposited in the Casandro Dam detention basin area reduces the available storage 
volume for floodwater. The estimate of sediment supply will be used to evaluate the 
additional storage volume needed to meet the requirements for floodwater storage and 
conveyance through the dam. 

Data Requirements. Technical data required for estimating sediment supply were obtained 
from existing studies, regional geologic, land use and watershed mapping, HEC-1 hydrologic 
modeling of the watershed prepared for this project, and a sieve analysis of Casandro Wash 
bed sediments. 

Methodology. Sediment supply was estimated using the following methodologies: 

PSIAC Method (Pacific Southwest InterAgency Committee). This procedure was 
developed for planning-level analyses of sedimentation in the southwestern United 
States, and uses generalized watershed characteristics to predict sedimentation rates. 
The methodology is described in "Design MantraIfor Engineering Ana[ysis of Fluvial 
Systems," Arizona Department of Water Resources, 1985. 

MUSLE (Modified Uniform Soil Loss Equation). MUSLE was developed by the SCS 
to predict rates of soil erosion, and is also commonly used to predict sediment yield in 
the arid southwest. MUSLE can be used to estimate sediment supplied from 
individual design storms, as well as average annual sediment production. MUSLE is 
described in "Design Manual for Engineering Analysis of FIuviaI Systems," Arizona 
Department of Water Resources, 1985, with supplemental information available in 
"Predicting Rainfall Erosion Loss - A Guide to Conservation Planning," USDA 
Agricultural Handbook 537, 1978. 

C.T. Yang's Bedload Sediment Transport Function. C.T. Yang developed a sediment 
transport function which is commonly used to predict sediment movement rates in 
sandlgravel-bedded streams. Casandro Wash sediment load is mostly sand and gravel 
as indicated by sieve analysis of channel bed sediments from the project site. Yang's 
sediment equation is described in "Unit Stream Power Eqtiation for Gravel," ASCE 
Journal of Hydraulic Engineering, Vol. 110, No. 12, December, 1984. 



SCS Modeling for Sunset and Sunnycove Dams. The SCS prepared a sedimentation 
investigation for two dams on watersheds similar to Casandro Wash, that are located 
within otie mile of Casandro Wash. SCS estimates are based on sediment survey data 
and the "Range Method." SCS estimates are described in "Watershed Work Plan: 
Wickenburg Watershed, Maricopa and Yavapai Counties. Arizona," Soil 
Conservation Service, December 1974. 

FCDMC Sediment Maintenance Data. The District periodically removes sediment 
From Sunset and Sunnycove Dams in Wickenburg. Although no systematic sediment 
removal data is maintained, anecdotal information was used to roughly estimate 
potential sedimentation at Casandro Wash Dam. 

Results. Estimates of average annual sediment supply at Casandro Wash detention basin from 
the sedimentation investigation are shown in Table 2-4. Estimates of sediment supply for 
specific recurrence interval design floods are shown in Table 2-5. It was assumed that the 
reservoir trapping efficiency was 100 percent due to the high percentage of bed load 
transport, orifice-type outlet design, and relatively long drain time relative to the design storm 
duration. - - 



Discussion Sediment supply estimates are relatively consistent between all methodologies 
used. Estimates based on anecdotal sediment maintenance information supplied by the 
District exceed the upper limit of sediment yields expected at the Casandro Wash site, but 
illustrate the variability of sediment supply in an arid environment. It is likely the upper limit 
of sediment yield shown in Table 5 is skewed upward as a result of several large events 
occurring upstream of Sunset Dam during recent years; the long-term average is likely to be 
lower. It is also noted that the estimated sediment supply does not increase dramatically with 
the return period. This is probably due to the relatively short duration of the design flood, as 
well as the relatively intense design rainfall and steep channels which produce high velocity 
turbulent flow even for more frequent flood events. 

Given the results reported above, sediment supply rates to be used for design of the detention 
basin are based on the average of the methods reported, and are summarized in Table 2-6. For 
the purposes of sizing the detention basin, approximately 2 acre-feet should be allowed for 
sediment storage during the 100-year event. 

Sediment Maintenance 

Sediment maintenance requirements for the Casandro Wash detention basin are directly 
related to the sediment supply rates. The average annual sediment yield of 0.4 AFJyear can be 
used to predict annual sediment maintenance needs. However, since annual sedimentation 
may be highly variable, as indicated by anecdotal information obtained for the nearby Sunset 
and S u ~ y c o v e  Dams actual sediment removal requirements may vary significantly in any 
given year. Therefore, monitoring of sediment accumulation should be included in the 
detention basin maintenance plan. According to the District staff, a regular maintenance 
schedule of about 5 years may be expected if no large floods occur on Casandro Wash. If 
maintenance occurs every five years, about 2 acre-feet of sediment will be removed on 
average (5 x 0.4 AFJyr.). 

Downstream Impacts 

Construction of the detention basin will interrupt the natural sediment supply from the upper 
watershed to the portion of the watershed downstream of the dam. In addition, water flowing 
over the spillway and through the low-flow orifice will probably experience higher velocities 



than naturally occur in Casandro Wash under existing conditions. These factors will tend to 
increase channel bank and bed erosion in the reach of the wash between the dam and the 
downstream storm drain. Erosion will be expressed as reduced sediment clogging of culvert 
inlets at road crossings, and accelerated scour on the downstream side of road crossings. 
Scour downstreh of road crossings occurs under existing conditions. Design of structures to 
mitigate erosion in the downstream channel is not part of this study, but would likely include 
grade control structures to maintain a stable slope in the channel reach. 

Bank erosion is also undercutting channel banks at several locations immediately upstream of 
the detention basin site. Property owners should be notified of this existing condition. It is 
not anticipated that operation of the detention basin will affect existing bank erosion upstream 
of the inundation area. 

Hydraulic Structures Design 

Hydraulic structures associated with the Casandro Wash Dam include the low-flow outlet, 
spillway, spillway chute, energy dissipator at the end of the spillway chute, and a 
sedimentation reservoir within the detention basin. 

Detention Basin Outlet 

Orifice. Outflow from the detention basin includes a low flow orifice, and the emergency 
spillway. The low flow outlet is a 36-inch reinforced concrete pipe (RCP) with a 1.4 ft2 
orifice plate. The orifice is sized to discharge approximately 20 cfs at the time of the 
downstream watershed hydrograph peak at the storm drain inlet and approximately 30 cfs 
during the 100-year flood event. Maximum downstream discharge at the storm drain inlet 
occurs at 4:05 hours, according to the District HEC-1 model. The difference between the 
downstream peak discharge (6-hour storm) and the 339 cfs capacity of the storm drain is 20 
cfs. The orifice rating curve was developed by the HEC-1 model assuming an orifice 
coefficient of 0.6 and an inlet elevation of 2,135 feet. A gated outlet will also be provided as a 
backup for the orifice to facilitate maintenance, and to allow opening of the orifice in the event 
of debris clogging. The inlet to the orifice will be placed in a grated concrete box to reduce 
the potential for debris and sediment clogging. 

Spillway. As currently planned, the emergency spillway will consist of an elliptical crest, with 
the crest apex at elevation 2155.0 feet. The spillway length will be 80 feet, and the design 
head will be 5.5 feet for the 0.5-PMF event. The total spillway height will be 8.5 feet. The 
spillway chute and energy dissipator was sized for the routed 0.5-PMF. A spillway rating 
curve for the elliptical crest was developed using the procedures outlined in the "Design of 
SmaN Dams" by the U.S. Bureau of Reclamation (1987) and "Hydraulic Design of 
Spillways," by the U.S. Army Corps of Engineers (1990). 

Energy Dissipntor. The proposed spillway chute has slope of 3:1, which is sufficient to 
maintain supercritical flow. A BUREC Type I11 energy dissipator is proposed to force a 



hydraulic jump before flow exits to the natural channel downstream of the dam. The 
detention basin will be placed approximately 6 feet below natural grade to ensure that the 
computed jump height will match the tailwater elevation of the downstream channel. Dumped 
riprap (D~o=2 feet) will be placed downstream of the dissipator to mitigate impacts on the dam 
backslope during'the spillway design event, and during lesser flows exiting the dissipator. 

Sedimentation Detention Basin. The sedimentation detention basin will be designed 
according to guidelines presented in the FCDMC Hydrazrlic Design Manual. The required 
sediment storage volume is 2 acre-feet, both for the 100-year event and for the average annual 
yield during a 5-year period of no maintenance. The sedimentation detention basin will be 
located near the detention basin inlet to concentrate deposition of coarser sediment material. 
Finer sediments will mostly accumulate wherever ponding occurs, particularly near the low- 
flow outlet. Permanent sedimentation markers will be used to allow the District staff to assess 
the amount of deposition within the detention basin. 



Section 3 
Geotechnical Investigation 

-. 
The purpose of the geotechnical investigation was to obtain subsurface information at the 
proposed damsite and detention basin area for development of geotechnical recomniendations 
for design and construction. The field exploration included 13 soil borings and 21 test pits. 
Laboratory tests were performed to characterize the onsite materials and determine their 
engineering properties. 

Field Investigations 

Previous Site Geotechnical Work 

No evidence of previous geotechnical work was found for the Casandro Wash project site. 
However, geologic investigation reports for two previously constructed floodwater-retarding 
structures in the Wickenburg watershed are available. The Sunnycove and the Sunset 
Floodwater Retarding Structures are located within the town limits of Wickenburg, and are 
within about one mile of the Casandro Wash project site to the south and southeast, 
respectively 

The S u ~ y c o v e  and Sunset damsites contain alluvial deposits overlying dense, carbonate- 
cemented sand and gravel, generally similar to the subsurface conditions found at Casandro 
Wash. Both dams have cutoff trenches excavated into the cemented material and the 
embankments are constructed with material excavated within the detention basins. 

Field Exploration 

Between January 18 and 28, 1994, CH2M HILL conducted a field exploration of the project 
site. The exploration consisted of excavating 21 test pits, drilling 13 soil borings, and 
performing 9 infiltration tests. The infiltration tests were performed in both boreholes and test 
pits. A CH2M HILL engineer specified test pit and boring locations, determined sampling 
intervals, and provided general oversight during all exploration operations. Locations of the 
test pits and soil borings are shown in Figure 3-1. A summary of the field exploration 
program are presented below. Detailed information is included in the Geotechnical Report, 
Volume 1, Field and Laboratory Data. 
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Test Pits _xi 

Riggs Enterprises of Wickenburg, all of the test pits 
for this exploration. in Figure 
3-1, the test pits we reya t ed  
basin and banks of Casandro Wash. All of the test pits were completed with a Caterpillar EL 
200B trackhoe. 

Disturbed soil samples were obtained from each of the mzjor soil layers encountered in the 
test pits. Each soil sample was composed of a bulk sample portion, weighing approximately 
40 pounds, and a moisture sample portion. Bulk samples were enclosed in doubled, plastic 
bulk soil sample bags, and in doubled, gallon-size plastic bags with zip-lock enclosures. A 
CH2M HILL engineer visually classified all soil samples following the Unified Soil Classifi- 
cation System, in general accordance with ASTM D 2488. 

Soil encountered in the test pits was classified in the field as gravelly sand with varying 
amounts of silt or clay. Two major soil layers were commonly identified, consisting of a 
loose-to-medium-dense sand overlying dense-to-very-dense cemented sand. Samples taken 
From the cemented zone were typically highly reactive to hydrochloric acid, indicating a 
carbonate cementing agent in the soil. Depth to the cemented layer varied &om near ground 
surface to about 16 feet below ground surface In some of t h e 9 p i t  

-- 

S--, 
the cemented layer was not encountered, even after reaching a maximum pit d e p t E f e e t  
bgs. 

After sampling and logging the soil profile, all test pits were backfilled with the excavated 
soil. The trackhoe operator used the bucket and tracks of the trackhoe to compact the fill as 
much as possible while backtilling the test pits. 

Soil Borings 

From January 24 through January 28, 1994, Enviro-Drill, Inc., from Phoenix, Arizona, drilled 
13 soil borings using a CME 75 drill rig. All soil borings were advanced using 8-inch-outside- 
diameter (OD), hollow-stem augers. Soil Borings B-1, B-2, B-9, and B-10 were drilled to a 
final depth of 100 feet bgs. The remaining borings dam alignment and on 
the banks of Casandro Wash were drilled to a final Locations of the soil 
borings are shown in Figure 3-1. 

Disturbed soil samples were obtained in each of the soil borings using a 2-inch-OD split-spoon 
sampler. Sampling was performed on 2.5-foot intervals between zero and 20 feet. After 20 
feet, sampling continued on 5-foot intervals until the maximum depth of the boring was 
reached. In some soil borings the sampling interval was extended to 10-foot intervals after 
drilling 20 feet into the cemented zone. In these cases, the 10-foot sample interval was 
continued to the total depth of the boring. 



Standard Penetration Tests (SPTs) were performed in accordance with ASTM D1586. The 
SPT uses a 140-pound hammer, dropped 30 inches, to drive the sampler 18 inches into the 
soil. The number of hammer blows for each 6-inch interval of sampler penetration is counted 
and recorded. -The sum of the blows during the last two 6-inch penetration intervals 
determines the " N  value expressed as blows per foot (blowcounts) for the sample. The SPT 
hammer used for this project was an automatic, hlly enclosed hammer fastened to the drill 
rig. No rope, cable, or cathead was used. 

In-place density samples were obtained typically between ground surface and 10 feet below 
ground surface. A 3-inch-OD, 12-inch-long split barrel sampler, equipped with two 6-inch 
brass-sleeve liners, was used to obtain density samples. This sampler was driven in the same 
manner as the standard split-spoon sampler described above in general accordance with 
ASTM D 3550 

Where fine-grain soil was encountered, or SPT blow counts were comparatively low, 
3-inch-OD Shelby tube samplers were used to obtain relatively undisturbed soil samples. The 
thin-walled Shelby tubes were advanced in general accordance with procedures described in 
ASTM D 1587. 

A CH2M HILL engineer visually classified soils recovered during the drilling program 
following the Unified Soil Classification System, and in general accordance with ASTM D 
2488. Soil samples obtained from the SPTs were placed in plastic bags with zip-lock-type 
enclosures. In-place density samples collected in the 6-inch brass sleeves, as well as Shelby 
tube samples, were sealed with plastic end caps and black plastic tape. Sample descriptions, 
blowcounts recorded during the SPTs, and related information were recorded on the soil 
boring logs. Upon completion of the soil borings, all boreholes were grouted to ground 
surface with a sandtcement grout poured from the ground surface. No borehole caving was 
observed. 

Soil encountered in the borings was consistent with soil found in the test pits. At various 
depths in all of the borings the cemented layer was encountered. As indicated by the 
blowcounts, visual classification, and reaction to hydrochloric acid, once this layer was 
identified, it continued through to the final depth of the soil boring. Therefore, total thickness 
of the cemented layer was not observed. 

Inpa t ion  Testing 

In Test Pits TP-8 and TP-9 and in Soil Borings B-I, B-2, B-3, B-5, B-8, B-9, and B-10 
infiltration testing was performed. The borehole infiltration tests were performed on selected 
boreholes. Atter drilling to the predetermined depth for the test, the augers were pulled up 
approximately 3 feet off the bottom of the borehole. Approximately 500 gallons of water 
were pumped down the auger. Water was generally observed to flow up near or at the 
borehole collar in the annular space outside the augers. An electric water level sounder was 
used to determine the water level inside the hollow stem auger as it declined. Water level 
measurements were generally recorded every 30 seconds for a 10-minute period. 
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Infiltration tests were performed in selected test pits by driving a stake calibrated with 0.1- 
foot increments into the bottom of the test pit. Water was added to the test pit, and the depth 
of water was recorded periodically over a 10-minute period. -. 

A summary of the results from the infiltration test is presented in Table 3-1, below. Data from 
the infiltration tests are included in the Geotechnical Data Report, Volume 1. 

Infiltration Test Location Estimated Permeability (cmlsec) rnr-rpv-s _^ 
ALLU v/m+ -- 

B- 1 1.1 (lod) 

B-2 6.1 (10.~) 

Laboratory Testing 

Laboratory testing included Atterberg limits, sieve analysis, specific gravity, bulk density, and 
moisture content to establish index properties and verify field classifications. Standard 
Proctor compaction tests, direct shear, unconsolidated-undrained triaxial shear, and 
consolidated-undrained triaxial shear with pore pressure measurements on remolded samples 
were performed to assess strength characteristics for embankment design. Laboratory triaxial 
permeability testing of remolded samples was performed to aid in assessing seepage potential 
and slope stabiIity. The data for all laboratory results is included in the Geotechnical Data 
Report. A summary of the soil classification and index property testing is shown in Table 3-2 



C o n c e p t  Design Criteria 

The geotechnical design criteria for the dam are based on the results of field exploration, 
laboratory testing, and engineering analysis. They provide the basis for the project's design 
and for final geotechnical and construction recommendations. 

Dam Alignment 

Several dam alignments were evaluated during concept design. All proposed alignments 
extended off the same high point on the right abutment (Ryan's property) to varying points on 
the left abutment. The foundation soils are similar for all proposed alignments. The 
foundation material encountered consisted of recent alluvial deposits comprised of loose-to- 
medium-dense sand overlying dense-to-very-dense cemented sand. The depth to the partially 
cemented material varied greatly. The overlying loose soil in the detention basin should be 
removed and the dam founded on the cemented or very dense sand. The abutment conditions 
were similar to the foundation except for an increase in the amount of fines present to 
approximately 12 percent. The right abutment is thin in cross section and should be 
buttressed with fill. 

Because geotechnical conditions are similar at the proposed alignments, the final alignment 
was determined on the basis of  other design constraiirts such as spillway size and orientation, 
detention basin storage, and minimizing earthwork. 

Dam Type 

The proposed dam will be a homogenous eartffill dam constructed of materials excavated 
from the detention basin. Field exploration and laboratory test results did not reveal suitable 
low permeable material for use as a core for a zoned earth dam. Therefore, a homogenous 
dam with a chimney drain is preferred over importing clay soil for a core. The material in the 
detention basin may be suitable for use in construction of a RCC dam, but cost and potentially 
compressible foundation conditions eliminated RCC from hrther consideration. 

Dam Construction 

The proposed dam cross section will have 3:l (horizontal to vertical) slopes upstream and 
downstream. Engineering analysis indicates 3:l slopes have an adequate factor of safety for 
slope stability under steady state seepage, seismic, and rapid drawdown conditions. Slopes 
steeper than 3:l are easily eroded, more costly to maintain, and would not meet stability 
requirements. Detention basin sideslopes below the high water line should also be graded to a 
3: 1 slope and be well vegetated to prevent failures and rapid erosion. 



Table 3-2 
Summary of Laboratory Analyses 
Casandro Wash Detention Basin 
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Table 3-2 
Summary of Laboratory Analyses 
Casandro Wash Detention Basin 
Pamle Size Diruibufion X Shear susnglh 
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During final design, slope stability of the dam and detention basin were analyzed under the 
following conditions: 

Shocband long duration seepage 
Rapid drawdown of detention basin 
Earthquake shaking 

Table 3-3 presents the results of the slope stability analysis. Detailed discussion and the 
stability analysis calculations are included in the Geotechnical Report, Volume 2, Analysis and 
Recommendations. 

The minimum top width of the dam is required to be 14 feet to meet SCS requirements. 

Engineering analysis indicates that under seepage conditions of several weeks, water could 
flow through most of the dam. To protect the dam from seepage erosion at the downstream 
toe, a chimney drain should be constructed in the dam. The drain should , 
below the crest of the dam to below the bottom keyway. Pipes should be 
positive drainage from the chimney drain to the downstream face. A ke 
installed into the cemented foundation soil to reduce seepage along the 
foundationlembankment interface. The keyway should extend a minimum of 4 feet into the 
cemented material for the length of the dam. Detailed seepage analysis and drainage 
recommendations are included in the Geotechnical Report, Volume 2. 

All fanor of safety valun r r p o d  for PMF water level. 



Seismicity 

An investigation of the existing seismic information was performed for the region around the 
dam. This investigation included: 

Data search of the USGS National Information Earthquake Center records for seismic 
activity within 150 km of the site. 

Review of seismotectonic data for the New Waddell Dam site approximately 45 km 
east of Wickenburg. 

Review of seismic zoning maps from the Uniform Building Code, Soil Conservation 
Service, Applied Technology Council, and Federal Emergency Management Agency. 

Evaluation of the known active faults, the maximum credible earthquake (MCE) from 
these faults, and the peak acceleration at the site from the MCE of each fault. 

Based on the above investigation, a design peak rock acceleration of 0. l g  is recommended for 
final design. This is the same value recommended in the SCS design manual. Details of the 
seismic investigation are included in Volume 2 of the Geotechnical Report. 

Water for Construction 

Water will be required during construction for both dust control and embankment moisture 
control. To achieve near optimum moisture conditions in the embankment soil the contractor 
should orewet the borrow area in uhases. Alternativelv the borrow area could be wetted as it 
is developed. Based on prewetting continuously for 2 week, the irrigation rate is expected to 
be 50 to 100 gum. If the contractor chooses not to prewet the estimated water requirement is 
75 to 125 gpm. The Town of Wickenburg has indicated that a short term rate of 500 gpm at 
60 psi is available at the hydrant near the wash on a continuous basis. 

Control of Water During Construction 

The construction period is anticipated to be about 4-6 months. During this time the 
contractor will reroute a section of the existing sewer pipe pipeline and remove a portion of 
the existing sewer beneath the damsite, excavate the foundation for the damsite, construct the 
outlet works, place the embankment and chimney drain, construct the spillway and stilling 
basin, and complete the reservoir grading, roadways, and seed all disturbed areas. Should 
rainfall occur during this period portions of the completed work could be adversely affected. 
This conceptual plan identifies the areas of work that may be affected and presents possible 
control alternatives. The construction contractor will be responsible for submitting a plan 
prior to construction that will demonstrate the methods that will be employed to deal with 
water during construction. 



Potential Surface Water Impacts and Mitigation 

For small amougts of precipitation that do not produce surface water in the detention basin 
project site the damage to the project work should be minimal provided the exposed work is 
protected. There may be some erosion of cut or fill slopes. This damage can usually be easily 
repaired. The contractor should construct some berms or other bamers at strategic locations 
prior to rainfall occumng to reduce surface erosion. 

Should ponding occur anywhere in the detention basin project area the contractor will be 
required to pump out the water and restore the work to the specified condition before the 
completed work will be accepted and new construction started. Borrow areas will have to be 
dried out as will any embankments, pipe trenches, foundation areas, roadways, or any other 
location where ponding occurs. It will be the contractors responsibility to remove the ponded 
water as soon as practical and restore the wetted surfaces to their prior condition. 

A temporary detention basin can be constructed within the upstream areas of the project site 
to reduce the potential for flooding of completed work. Water that ponds can be used for 
roadway dust control and in the dam embankment provided it does not contain any harmhl 
substances. Once the new sewer pipeline is installed through the damsite it could be used to 
route excess surface water through the damsite ar2a prior to being put into service as the 
sewerline. Prior to putting the new sewerline in service it would have to be cleaned and 
repaired if damaged. 

The area within the foundation for the dam will have to be excavated to expose acceptable 
foundation soil. This will result in a continuous area from one abutment to the other that will 
be depressed below the original ground surface. Upon approval of the foundation the 
contractor will place fill uniformly and horizontally across the entire dam footprint area up to 
the original ground surface. It is normal practice for the contractor to pump small quantities 
of surface water across the dam footprint until the outlet works is completed. For quantities 
in excess of what can be pumped or stored in a temporary detention basin the damsite will be 
flooded. The contractor will not be allowed to bring the dam embankment up as a tilted / 
surface to route water around one end. 

Should the damsite have ponded water the contractor will be required to pump out the 
damsite and borrow areas as soon as is practical. All wetted soil will have to be removed that 
does not comply with the specifications or that will compromise the quality of the project. 
This type of work can be quite extensive depending on the preventative measures taken by the 
contractor before the rainfall. Water discharged from the damsite will enter the natural 
drainage course of Casandro Wash. The contractor will be required to cooperate with any 
remedial work that is occurring downstream. 

Once the dam embankment is higher than the detention basin bottom the contractor can use 
the outlet works through the dam for transport of excess water. The outlet pipe may have to 



be extended beyond the stilling basin to prevent damage to this area of the project. Any 
damage fiom any cause will have to be repaired by the contractor. 

If the runoff is sufficiently great the dam may be overtopped even with the outlet operating. 
There is no inexpensive way to prevent erosion of part of the dam. Following the flooding the 
contractor will have to pump the water over the dam or let it go through the outlet. The 
contractor will not be allowed to breach the dam to allow water to pass through the damsite. 

The dam is vulnerable to overtopping until the spillway and stilling basin are operational. 
Should overtopping occur when concrete work is not completed or the backfill behind the 
walls is not placed, there could be damage to the work. All damage will have to be repaired 
before proceeding with additional work. Should overtopping of the dam occur there will 
likely be significant amounts of soil camed downstream. 

Specifications will be prepared requiring the contractor to develop a diversion and control of 
water plan that he intends to implement. During construction the onsite Owners 
representative will document that the plan is being implemented. As damage caused by 
flooding is frequently a basis for a construction claim for extra money it is important that the 
work the contractor does and does not do to protect the project site be well documented with 
text and pictures. 



Section 4 
Site Civil 

-. 
This section describes the field surveys, existing utilities, and right-of-way information 
obtained for the Casandro Wash Dam project. 

Field Surveys 
Field surveys of the project area were performed from mid-January through mid-April 1994. 
The surveys established the project control points using state plane coordinates. Section 
comer monumentation along Mariposa Drive was used as the basis of bearing. A preliminary 
survey line (P-line) was established by placing 4 control points (%-inch rebar) along the 
bottom of the wash for locating test pits and borings. Two centerline alignments were initially 
set for the dam, which consisted of end control points and staking along the centerline at 25- 
foot intervals, indicating the proposed dam elevations. The 100-year water surface elevation 
(initially 5,954 feet) was also staked around the detention basin area to provide a visual 
perspective of the size of the basin. 

Bluestake was contacted to identify existing utilities within the project area. Additional utility 
information was collected from the Town of Wickenburg for the sewer, water, and right-of- 
way. The information is collectively shown in the preliminary plans submittal provided in 
Appendix A. 

Existing Utilities 
The only known utility within the detention basin is a 10-inch vitrified clay sewerline. The 
sewer was designed by Yost & Gardner Engineers, Phoenix, for the Town of Wickenburg. It 
was constructed in 1987, and serves the residential and commercial properties along U.S. 60, 
west of the site. The sewer alignment generally extends through the project area from 
southwest to northeast. The depth of cover through this reach ranges from 11 feet near the 
west end, to 5 feet at the east end, with an average depth of approximately 9 feet under the 
proposed detention basin area. There are three manholes located within the detention basin 
area, and four manholes located downstream between the dam and Mariposa Drive. Existing 
manhole frames and covers are generally at grade and are standard items per Maricopa 
Association of Governments (MAG) Detail No.424. 

The slope of the sewer varies from 10.37% as it enters the detention basin area just north of 
US 60, to 0.80% west of Mariposa Drive. Although its design capacity is not known (data 
are not available from the engineer of record), only a small depth of flow was observed during 
the field survey. However, calculations show that the capacity of the line at full depth and a 
slope of 0.80% could handle a flow of 1.7 cfs. 



A 6-inch waterline is located north of the detention basin which serves the adjacent residential 
properties. It generally parallels the wash alignment and is approximately 200 feet north of 
the wash centerline. There are three fire hydrants located on the waterline west of Mariposa 
Drive. Wickenburg's Public Works Director was contacted on June 20, 1994, regarding the 
use of water d&ng construction. In summary, the existing waterline is a 6-inch line that is 
looped within the Town's water system. There is approximately 90 psi pressure in the main 
system, so there should be no problem delivering roughly 500 gpm at 60 psi to the hydrant. 
The Town will install a temporary meter with a standard 2%-inch hose connection for the 
contractor's use during construction. A deposit of $450 is required by the Town for the 
meter installation, and the cost of water is $1.25 per 1000 gallon. 

Other existing public utilities were identified, but are outside the immediate project area. 
These utilities should not be affected by the dam and basin construction. The utilities provide 
service to the residents and commercial buildings along U.S. 60., and consist of the following: 

Overhead power serving the residences to the north 
Waterline along the north side of U.S. 60 
Overhead power along the north side of U.S. 60 
Gas line along the north side of U.S. 60 

Residents on the north side of the detention basin have sewer, water, and electrical services 
that extend along their private access drives. The service connections for the residents and 
commercial buildings along the south side of the detention basin extend to the south (toward 
U.S. 60), and away from the project area. Service connections do not appear to conflict with 
the dam or detention basin. However, the south access road alignment will likely be located 
over the sewer and water service connections to the Ryan property on the right abutment of 
the proposed dam. Also, the overhead power pole for residential service is located within the 
dike prism and may need to be relocated. 

Right-of-way and Easements 

Existing right-of-way maps for the project area were obtained from the Town of Wickenburg. 
Property lines are depicted in the Preliminary Plans. These property delineations will require 
verification by the District as part of their effort in acquiring right-of-way for the detention 
basin, dam, and access roads. Updated information provided by the District will be 
incorporated into the plans. 

The 10-inch sewerline has an easement of varying width through the project area. The 
easement is shown on the as-built drawings prepared by Yost & Gardner. Partial relocation of 
the sewer will require an amendment to the easement description and resubmittal to the Town 
of Wickenburg for its approval. 

The Grading Plan shown in the plan submittal depicts the property parcels in the project area. 
Consideration was given during development of the plan to minimize right-of-way needed for 



the facility. It is anticipated that in lieu of purchasing right-of-way, fill slope easements could 
be obtained for certain areas that require grading. 

Access easements will be required for the north and south maintenance roads. The 
maintenance roid on the north side extends from the top of dam to a nearby residential access 
drive. The south maintenance road extends from the dam and wraps around the north and 
east sides of the residential property, using the entrance from U.S. 60 as a common entrance 
drive. A separate access permit to U.S. 60 will not be required. Both maintenance roads will 
require a minimum 24-foot-wide easement. The north maintenance road is approximately 300 
feet long, and the south road is approximately 750 feet long. Exact lengths and widths of these 
easements will be determined during plan review. 



Section 5 
Permits 

Construction of the Casandro Wash Dam requires the acquisition of two permits:. the Dam 
Safety Permit issued by the ADWR Dam Safety Division, and the COE Section 404 Fill and 
Dredge permit. The District is primarily responsible for obtaining these permits, however, 
CH2M HILL is assisting in preparing applications and in coordinating the permitting efforts. 
Prior to construction, a U.S. EPA Stormwater NPDES permit for construction activities will 
also be required. 

ADWR Dam Safety Permit 

The objective of ADWR's Dam Safety Permit is to ensure that the dam is designed in 
accordance with state standards and regulations. Under ADWR criteria, the dam will be 
classified as a "small, high hazard" dam. This designation places certain design criteria on the 
spillway capacity and freeboard requirements. 

CH2M HILL has coordinated with ADWR during the concept design analyses. The 
hydrologic analyses have been submitted to ADWR for review. This Design Report and 90% 
design submittal will be provided to ADWR following review by the District. The District has 
submitted a permit application and dam failure analysis to ADWR. 

U.S. COE Section 404 Permit 

Section 404 of the federal Clean Water Act regulates the "discharge of fill material into 
'Waters of the U.S.'." This permit, administered by the COE, requires that various resource 
agencies and interested parties be given the opportunity to review and comment on the 
project. To streamline the process for certain types of projects, a number of Nationwide 
Permits have been granted. This project appears to meet the requirements of Nationwide 
Permit 26, which covers certain projects affecting less than 10 acres. 

A pre-application meeting was held with the COE by the District on June 13, 1994. Based on 
the results of that meeting, the permit application was prepared by the District and submitted 
to the COE for review. 



Section 6 
Concept Design Recommendations 

- ' 

Dam and Spillway 
As part of the concept design analysis, two dam alignments were identified and staked in the 
field during the initial field and geotechnical investigations. They were based on the 
geotechnical setting (for instance, the location of abutments) as well as the storage capacity 
needed to impound the 100-year storm. Both alignments are consistent with the concept 
location first presented by the District. Figures 6-1 and 6-2 show the alignments with respect 
to the existing topography. 

A number of assumptions were initially made regarding the basic earth dam and spillway 
geometry. Concepts were developed and discussed in a Value Engineering workshop. As a 
result, some of the initial assumptions were revisited. The initial design assumptions are listed 
below; subsequent revisions to the assumptions are shown in brackets. 

The soils excavated from the detention basin would be used to construct the earth 
dam. 

a The dam would be homogeneous with a 4-foot-wide granular chimney drain to 
control seepage. 

a Overexcavation for the foundation would be required to approximately 6 feet 
deep. 

Top width of the dam would be 20 feet for accessibility and dam stability. [The 
width was later changed by the owner to a 14-foot top width.] 

a Side slope on both faces would be 3:1, based on an initial geotechnical evaluation 
and maintenance requirements. 

a Spillway crest width would be 200 feet, and crest elevation 2154.5 (initial 
hydraulic analysis). [Revised basinlspillway design changed the crest width to 80 
feet, and the elevation to 2155.0.1 

a Top of dam elevation would be 2160.5 feet based on hydrologic study. [Revised 
analysis changed the top of dam elevation to 2163.5.1 

The spillway would be an Ogee-type configuration, and taper to an 80-foot-wide 
stilling detention basin with energy dissipators. [This assumption was reviewed 
and changed to an elliptical crest spillway with a 3: 1 slope to the chute. No taper 
is required to the spillway, simplifying the construction.] 
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The detention basin outlet works would consist of a 36-inch-diameter pipe with a 
20-inch diameter orifice plate. 

- ' 
The concept design alternative analysis consisted of developing preliminary earthwork 
~uantities and order-of-magnitude construction cost estimates to determine the' preferred - 
layout. The results of this analysis showed that the Alignment I1 alternative was more cost 
effective than Alignment I. Alignment I1 is shorter, requires less earthwork, and provides 
better hydraulics for the spillway. 

Using the Alignment I1 alternative, a digital terrain model was prepared to verify the detention 
basin's storage capacity, check the earthwork calculations, and prepare typical sections 
through the detention basin. The model and manual calculations checked within less than two 
percent of each other. 

A concept design grading plan was prepared consistent with the storage capacity needs for the 
detention basin. The grading plan used adjacent land east of the dam as a disposal site for the 
excess soil. The prospective disposal area is presently graded in a tiered fashion and is within 
the 100-year floodplain delineation. It was thought that by filling this site with the 
overexcavated material from the detention basin, the site could be regraded and become 
developable property. Consideration has already been given (by others) to develop this land 
as a park. 

As a result of the Value Engineering and concept design review, earthwork for the dam and 
detention basin are balanced. Thus, a disposal area for waste material will not be a major 
concern. 

Two options were reviewed for the spillway construction: structural concrete and RCC. 
Several construction contractors with experience with RCC placement were contacted to 
discuss constructibility and costs. The cost of setting up and operating a pug mill to produce 
approximately 1,500 CY of the RCC mix made that option more costly than structural 
concrete. Thus, structural reinforced concrete appears to be the most cost-effective option 
for constructing the spillway and energy dissipator. 

Sewer Relocation 
The dam location and detention basin grading were the primary factors in determining the 
extent of sanitary sewer relocation. A profile of the existing sewer was prepared from as-built 
drawings. The digital terrain model, proposed grading plan, and dam alignment were 
superimposed on the profile to determine the extent of required sewer relocation. 
Approximately 950 lineal feet of existing sewerline and three manholes either will be removed 
or abandoned in place. Three alignments were investigated for the relocated sewer. The first 
alignment routed the sewerline around the north side of the dam. This alignment requires 
trench excavation and manhole depths over 35 feet. It was dismissed as impractical to 
construct The second alignment consisted of routing the sewer under the dam. This 



alignment, which became the preferred alternative, was submitted in the concept design. It 
consisted of replacing only a portion of the existing sewer (from MH #19 to MH #17), or 
about 875 feet. The alignment was later modified as a result of the design submittal, and 
extends from #20 to MH #16, or about 1,450 feet. This alignment was preferred by the 
District because of the depth of the existing sewer within the detention basin area. 

Relocation under the dam and detention basin requires lowering the sewer by flattening its 
slope. This was accomplished with a constant slope on the pipe and relocating the sewer 
alignment as shown in the plan submittal. The full flow capacity of the proposed sewer pipe is 
approximately 4.2 cfs, more than twice the existing pipe through the same reach. Since the 
detention basin will likely impound water several times per year, watertight frames and covers 
will also be required within the detention basin. Under the dam. the pipe will have to be 
encased in concrete. 

The Town of Wickenburg's Public Works Department and consulting engineer were 
contacted to discuss the limiting criteria for the sewer relocation. These criteria are 
summarized in Section 6, Concept Design Recommendations. 

Design recommendations for the sewer relocation are: 

Sewer and manhole details should be in accordance with MAG standards. 

Relocated sewer pipe should be 12-inch RCP; ASTM C-76 (During the design 
review process, the sewerline was changed to Ductile Iron Pipe, Class 5 1. DIP is 
typically used by MAG communities for sewer construction.) 

Trench condition should be Class B (Compacted granular bedding), except for 
within 20 feet of toe of dam where trench should be concrete encased to 0.7D 
above pipe invert (pipe zone modified to full concrete encasement). 

Minimum slope should be 0.01 percent 

Maximum length of sewer line between manholes should be 500 feet. 

Maximum depth of manholes should be 20 feet. 

Manholes within the detention basin and downstream manholes subjected to flood 
conditions should be retrofitted with watertight frames and covers. 



Other Utilities 

If required, adjustments to service connections will be designed in accordance with UBC and 
MAG standards.. 

Maintenance Roads 

Maintenance roads are not for general public use. Therefore, the recommendations for 
roadway design stated in the AASHTO Policy on Geometric Design of Highways and Streets 
may not be hlly applicable. Access to the dam will use portions of existing private drives off 
the public streets. Roads for maintenance access will spur off the private drives and extend to 
the top of the dam on both the north and south side of the spillway, as well as to the upstream 
and downstream toes. The maintenance road design must accommodate county maintenance 
and emergency vehicles. Two access ramps (north and south side of basin) will be provided 
for occasional nonvehicle recreational use and maintenance. Therefore, the maintenance roads 
will be based on less than a 20-mph design speed. The following criteria are recommended 
based on the types of maintenance vehicles anticipated: 

Turning radius based on SU-30 vehicles. 
Maximum grade of 10 percent, with 80-f~ot vertical curves. 
Roadway width will be 14 feet (20 feet for ihe entrance drive south of the dam). 
Minimum structural section of maintenance roads will be Cinch granular base 
course. 

Outlet Pipe through Dam 

The following criteria are recommended for the outlet pipe through the dam. 

The outlet pipe shall be 36-inch Reinforced Concrete Pipe, ASTM C-76. 
D-Load = 18,000 Ibdfi. 
Trench shall be encased in concrete to 6 inches above spring line. 

Structural Elements 

It is recommended that structural elements be designed in accordance with AISC and ACI 
requirements. 

Landscaping 

The landscaping plan and recommendations are presented in Appendix B. 



Preliminary Construction Costs and Schedule 

The preliminary construction cost opinion for the detention basin and dam project is 
summarized in Table 6-1. The detailed estimate is presented in Appendix D. Estimates were 
developed for the major elements shown in the 90% design submittal. No contingency was 
applied. 

Figure 6-3 presents the preliminary construction schedule showing the bid, award, and 
construction phases, as well as the major items of work within each phase. The purpose of 
the schedule is to obtain an understanding of the overall project sequencing, to verify the 
project's constructibiiity, and to determine an approximate duration of construction. 
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CASANDRO WASH DAM PROJECT 

-. (Town of Wickenburg) 

LANDSCAPE CONCEPT SUBMITTAL 

1.0 INTRODUCTION 

1.1 The landscape concept submittal is limited to the proposed 
seed and plant list and the feasibility of using a temporary 
watering system. To arrive at these recommendations it is 
important to review the following related information. 

1.2 Casandro Wash project site is located in the Town of 
Wickenburg approximately 1500 feet upstream of Mariposa Drive in 
what is predominately a residential neighborhood. The site 
varies in elevation with typical arroyo carved bluffs and canyons 
bordering the wash on the north and south. 

The site is vegetated with typical Sonoran desert vegetation. 
The casandro Wash Vegetation Survey list the following plants 
within the project site: 

Mesquite 
Desert Broom 
Catclaw 
Creosote 
Wol fberry 
Grey Thorn 
Burro Bush 
Turpentine Broom 
Triangle Leaf Bursage 
Desert Mallow 
Desert Marigold 

Prosopis juliflora 
Baccharis sarathroides 
Acacia greggii 
Larrea tridentata 
Lycium andersonii 
zizyphus obtusifolia 
Hyrnenocl ea salsola 
Thamnosma montana 
Ambrosia deltoidea 
Sphaeralcea ambigua 
Baileya multiradiata 

Native grasses and Palo Verde are not listed as a part of this 
survey. 

The soils are typical desert wash sandy gravely soils with a high 
pH and low plasticity index. This soil would be considered poor 
for agricultural purposes but for reintroducing native plants it 
is acceptable. 

1.3 In the early stages of this project the Town of Wickenburg 
had requested the detention basin be graded to allow for a future 
park. This is no longer the case and the Town of Wickenburg will 
not be establishing a park. 

1.4 The Arizona Game 6 Fish Department's Heritage Data 
Management System docs not indicate the presence of any special 
status species of wildlife in the project vicinity. However, it 
is possible that Sonoran desert tortoise could be encountered 



during construction. This species is a Category 2 Candidate for 
listing under the Endangered Species Act and if encountered 
should be ha&lled in accordance with established guidelines. 

2.0 LANDSCAPE CONCEPTS 

2.1 It is recommended that native vegetation be retained in the 
project area by selective grading. These pockets of vegetation 
will provide wildlife habitat and at the same time provide a seed 
source for natures revegetation process. 

2.2 It is recommended that revegetation of the Casandro Wash Dam 
Project be accomplished in two approaches, seeding and salvage of 
existing mesquite. The seed mix for the dam should not contain 
mesquite or desert broom but they should be included in the mix 
for slopes and the floor of the basin. 

Salvage, holding and replanting native mesquite is recommended 
for this project providing it can be accommodated within the 
project budget. The cost for transplanting native trees has 
typically been running $55 to $6@ per caliper inch trunk. 
Further inventory and tagging of existing mesquite would be 
necessary to determine the number of potential transplant 
candidates. This effort is not currently in our scope of work. 
Further comments and recommendations on this issue are requested. 

2.3 The following preliminary seed list is included for review 
and comment: 

Fi 1 aree 
Indian Wheat 
Purple heliotrope 
Annua 1 br ome 
Big galleta 
Desert needlegrass 
Sand dropseed 
Plains bristlegrass 
Meaquit e 
Desert Broom 
Catclaw 
White Thorn 
Creosote Bush 
Triangle Leaf Bursage 
Desert Marigold 

Erodium circutarium 
Plantago insularis 
Phacelia tenacetifolia 
Bromus rubens 
Hilaria rigida 
Stripa speciosa 
Sporobolus cryptandeus 
Setaria macrostachya 
Prosopis juliflora 
Baccharis sarathroides 
Acacia greggii 
Acacia constricta 
Larrea tridentata 
Ambrosia deltoidea 
Baileya multiradiata 

2.4 The Arizona Native Plant Law applies to this project. State 
agencies clearing land exceeding one-fourth acre are required to 
submit a written notice of intent to clear land 60 days prior to 
beginning work. Salvaged plant material retained on the project 
site do not require a non fee permit by the state agency 
performing the salvage. 



3.0 SOILS TEST 

3.1 The hort-icultural soils test results are as follows: 

TEST STANDARD TEST COMMENT 
PH 6.0 to 8.3 Average 8.6 High 
Soluble salts 2000 PPM Max Average 362 Acceptable 
P. I. 5 to 20 Average 2.2 Low 
Gradation 

2 Inch 100% 100% Acceptable 
1/2 Inch 85% to 100% 91.5% Acceptable 
No. 40 sieve 35% to 100% 26.8% Low 

3.2 Generally speaking the soils of this region are alluvial 
deposits which consist of gravel, sand, silt, and clay. This 
soil, as mentioned earlier, is of poor agricultural quality but 
quite suitable for the natural selection of native plants. 
Natural selection implies that, when a broad variety of native 
seed is broadcast over a wide are, only seed which is in a ideal 
location receiving the appropriate amounts of sun and water will 
germinate. 

The high pH is indicative of Arizona desert region and would be a 
problem if a large amount of container grown plants were 
introduced into the project. Ideally it would be better if the 
pH did not exceed 8.3. To lower the pH, soil sulfur or sulfuric 
acid can be applied to planted areas which in turn will result in 
increased soluble salts. The tested soluble salts for Casandro 
Wash are very low consequently any increase should not be a 
problem. Having taken all this into consideration We do not 
recommend a soil pH modification. The natural selection process 
for seeded native plants should overcome the high pH. 

The plasticity index is notably low. This will not negatively 
affect plant growth but it does point out the need for erosion 
protection in the form of native grasses. A quick establishment 
of native grasses will not only help prevent erosion but will 
enhance the growth of seeded shrubs and trees. 

4.0 IRRIGATION RECOMMENDATIONS 

4.1 Seeded areas within the project do not require and should 
not have supplemental irrigation. However the ideal time of year 
for seeding large areas is in the late fall. 

4.2 If it is deemed feasible to salvage, hold and replant native 
mesquite, for this project, a temporary drip irrigation system is 
recommended for approximately the first year after transplant. 
Temporary water will also be needed for the mesquite holding - .  
area. . 

Water can be accessed from a 2 inch water main located in the 
roadway at Sunset Terrace just North of-the project site. 
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DATE: January 26, 1994 

SUBJECT: Casandro Wash Hydrology 

PROJECT: SWW35441 

Introduction 

This memorandum describes HEC-1 hydrologic modeling of Cassandro Wash performed 
for the design of a proposed detention dam on Cassandro Wash near Wickenburg, 
Arizona The 100-year discharge was estimated using procedures outlined in the Flood 
Control District of Maricopa County (FCDMC) Manual "Drainage Design Manual for 
Maricopa County. Arizona. Volume I Hydrology" (1992). Preliminary design criteria for 
the detention basin require that the 100-year event be detained below the spillway 
elevation and that maximum outflow be less than or equal to the capacity of the proposed 
storm drain to be constructed downstream of the d design of the storm 
drain is described in the FCDMC Report Casandro Wash 
Dam" (1993). Design of the stonn drain is not discussed 
further in this memorandum. 

Hydrology 

Hydrologic modeling was completed usiag the HEC-1 computer model. Hydrologic data 
for the Casandro Wash watershed was directly obtained or was modified from the 
Wickenberg Area Drainage Master Study (ADMS), except as described below. Future 
watershed conditions, at 100 percent build-out of existing zoning, was assumed given the 
long design life of the detention dam and recent, rapid development in the Wickenberg 
area. 

Rainfall. Rainfall was estimated for the 6-hour local storm (drainage areas less than 100 
square miles). Rainfall depths were determined using the PREFRE program provided with 
the FCDMC Hydrology Manual. Rainfall depths were input into the HEC-1 model after 
adjustment for aerial reduction using Table 2.2 (p. 220 of the FCDMC Manual). A depth 
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area reduction factor of 0.985 was used. The adjusted rainfall six hour rainfall depths for 
Cassandra Wash are: 

. P, = 1.39 inch, . P,, = 2.20 inches. . P,, = 3.35 inches. 

FCDMC design storm pattern number 1.5 was used as shown on Figure 2.17 and 
interpolated from Table 2 3  of the FCDMC manual. 

Rainfall Losses. Rainfall losses were determined using FCDMC Manual Tables and 
Green-Ampt soil loss parameters. Surface retention was estimated at 0.10. This estimate 
was based on a theoretical maximum for the area for natural conditions, hill slopes and 
desert of 0.15 inch and a theoretical minimum for paved urban areas of 0.05 inch. 
Development of the area typically has been residential and commercial with residential 
development of up to four residents per acre. Tiw surface retention or initial abstraction 
of 0.10 represen< a future conditions basin average. 

Green-Ampt parameters were based on soil characteristics described in the Aguila- 
Carefree Soil Conservation Service (SCS) Soil Survey Report. Soil units in the watershed 
included clay loams, sandy clay loams and sandy loams. Soil unit coverages were 
aerially-weighted using equations and methodologies described in the FCDMC manual. 
Percent imperviousness for the watershed was estimated based on full build out under 
existing zoning for the Town of Wickenberg. For areas within unincorporated Maricopa 
County without ordinanced zoning, the zoning for the City of Wickenberg nearest the 
Maricopa County portion of the watershed was used. Future condition percent 
imperviousness averaged about 35% for the entire watershed. 

Unit Hydrograph. Clark unit hydrograph procedures were used to develop runoff peaks 
and volumes. Time of concentration equation #5.5, for desert and mountain areas, in the 
FCDMC manual was used. Basin area was planimetered on USGS topographic mapping. 
Watershed length was similarly measured on USGS topographic mapping. The basin 
factor Kb for the time of concentntion equation was determined by aerially weighting 
between the categories of commercial, residential areas. Type A and desert range lands, 
type B using Figure 5.5 of the FCDMC manual. Measured watercourse slopes were 
adjusted, as required, using Figure 5.4 of the FCDMC manual. Unit hydrograph 
parameters input into HECl were determined using the software program MCUHPl 
provided with the FCDMC Manual. 

Channel Routing. Channel routing parameters were baqed on typical average cross 
section from the dam to an upstream confluence of the two subwatersheds. Only one 
routing reach was needed for the watershed, upstream of the proposed dam site. Modified 
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Puls storage routing techniques were used, according to guidelines given in the FCDMC 
Manual. 

Reservoir Routing. Preliminary reservoir routing was computed using elevation-storage 
information estimated by planimetering 2-foot contour interval mapping provlded by the 
FCDMC and the preliminary dam alignment provided by CH2M HILL. Reservoir outflow ' 

was assumed to be zero to determine maximum storage requirements upstream of the I 

dam. Storage requirements for sedimentation, volume adjustments for slope stabilization, 
basin and site grading, as well as final dam alignments will be modeled later in the design 
process. The objective of preliminary reservoir routing was to estimate total storm I 

, I  
volumes. 

Modeling Results 

Peak discharge estimates for the Casandro Wash detention dam project are shown in Table 
1. The 100-year design peaks was estimated at 1,769 cfs with a total volume of 156 acre 
feet. The two, ten and fifty year discharge estimates are 506 cfs, 1,028 cfs, and 1,544 cfs, 
respectively, with volumes of 43, 86 and 129 acre feet. The calculation of synthetic skew 
for the two, ten and one-hundred using procedures outlined in bulletin 17B of the Water 
Resource Council indicate the synthetic skew is -0.1 1, well within the regional skew of - 
0.1 computed by the Water Resource Council in Bulletin 17B. Computation sheets and 
sample output from HEC-I 100-year modeling is attached. 

- 

Table 1. 
Casandro Wash Detention Dam, Hydrology. 

Recurrence Interval 

100 

50 

2 

Peak (&) 

1,769 

1,544 

506 

Volume (Acre-feet) 

156 

129 

43 
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Hydrologic Design Manual 
for Maricopa County 

E" 2 5 10 20 50 100 

RETURN PERIOD (YEARS) 

I PARTIAL- DURATION SERIES 

Figure 214 
Precipitation Depth versus Return Period for Partial-Duration Series 



SUBJECT- - - - - -- - -- -- --- - 
- m ~ ~ - - h ~ ~ ~ C  SHEET ~ 0 . b - - O F  - -- - 
-------------- -- PROJECT NO.- - - - ----- 

FORM 38 



Depth-Area Relation 

Table 2.2 
Depth-Area Reduction Factors 

for 6-Hour Duration Rainfall 

Use the depth-area reduction values from Figure 214 or Table 22 to correct the 
&hour point rainfall depth from the isopluvial maps (Figures 22 through 27) for 
all flood studies in which the &hour local storm is the design rainfall criteria (see 
Table 21). 

If the flood study is for the design of a retention/detention facility for a small 
drainage area and the design rainfall criteria is the 100-year, 2-hour storm, then the 
point rainfall depths from Figure 21 are not to be reduced for area. This is becaw 
local retention/detentionbasins willbe provided only for very smalldrainageareas 
and the point rainfall from Figure 21 is representative of the equivalent uniform 
depth of rainfall over the entire contributing area. 

If a general storm is the accepted design rainfall criteria (as opposed to the &hour 
local storm as defined in this manual), then the appropriate depth-area reduction 
curve will need to be defined to correspond wi% thi M- duration and the 
temporal distribution of the general storm. This will need to be performid on a 
os~by-basisdepending~nthep"poseof thestudy,location~thewatershed, 
and other meteorological and hydrological fadon. 

2.3.1 Procedure for Depth-Area Adjustment 
The following procedure is to be used with the &hour local storm rainfall depths 
(Figures 22 through 27): 

1. D e t e d e  the size of the drainage area. 



use 1,s 
DRAINAGE AREA (SQ. MI.) 

Flgure 2.17 
Area Versus Pattern Number for Marlcopa County 



0 
Rainfall 

o\@p S h t  I9 
vff&{ot+ 

Table 2.4 L w t ,  f ' &Hour Distributions* 
~TO~\"~, \W* 

\ b  p,oQ ' 

'Pattern represents percent Rainfall Depth. 

. . . . . . . . . . . . . . . . . . . . . . .. . , , . , . , . . . . . ... . . . . .,. .,. , . . . . . . . . 

June 1, 1992 
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Rainfall Losses 

S h u t  22 

:::,:*,pa:;<; 
yvp*-u* ;$$p6 

fj 
.2$ " ' d ;< ?... g., $:*s;$x<$$ urface Retention Loss 
::>s,y<>8**+> 
$&@$ ; 
%-?& Surface retention loss, as used herein, is the summation of all rainfall losses other 

than i-dtration. The major component of surface retention loss is depression 
storage; relatively minor components of surface retention loss are due to intercep- 
tion and evaporation, as previously discussed. Depression storage is considered to 
occur in two forms. First, in-place depression storage occurs at, and in the near 
vicinity of, the raindrop impact. The mechanism for this depression storage is the 
microrelief of the soil and soil cover. The second form of depression storage is the 
retention of surface runoff that occurs away from the point of raindrop impact in 
surface depressions such as puddles, roadway gutters and swales, roofs, irrigation 
bordered fields and lawns, and so forth. 

A relatively minor contribution by interception is also considered as a part of the 
total surfaieretention loss. ~ s ~ t e s  of s&ce retention loss are diffcdt to obtain 
and are a function of the physiography and land-use of the area. 

The surface retention loss on impewious surfaces has been estimated to be in the 
range 0.0625 inch to 0.125 inch by Tholi and Keefer (196% 0.11 inch for 1 percent 
slope to 0.06 inch for 2.5 percent slopes by Viessman (19671, and 0.04 inch based on 
rainfall-runoff data for anurban watershed in Albuquerque by Sabol(1983). Hicks 
(1944) provides estimates of surface retention losses during intense storms as 0.20 
inch for sand, 0.15 inch for loam, and 0.10 inch for clay. Tholin and Keefer (1960) 
estimated the surface retention loss for turf to be between 0.25 to 0.50 inch. Based 
on rainfall simulator studies on undeveloped alluvial plains in the Albuquerque 
area. the surface retention loss was estimated as 0.1 to 0.2 inch (Sabol and others, 
198&). Rainfall simulator studies in New Mexico result in estimates of 0.39 inch for 
eastern plains rangelands and 0.09 inch for pinon-juniper hillslopes (Sabol and 
others, 1982b). Surface retention losses for various land-uses and surface cover 
conditions in Maricopa County have been extrapolated from these reported es- 
timates and these are shown in Table 4.1. 

Table 4.1 
Surface Retention Loss for Various Land Surfaces In Maricopa County 

T P ~ .  
mag. 

- 
tu+ul-e 

~ k a o r .  
win. 

. 
Landuse andlor Surface Cover 

(1 1 
Natural 

Desert and rangeland, flat slope 
Hillslopes, Sonoran Desert 
Mountain, with vegetated surface 

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

Agricultural 
Tilled fields and imnated pasture 

Surface Retention 
Loss IA, inches 

(2) 

0.35 
0.15 C 
0.25 

0.20 
0.10 C 
0.05 f 

0.50 
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LEGEND 

DEEP. VERY WARM SOIW ON FLOOD PLAINS AN0 ALLUVIAL FANS 

CarrLo: Nearly level arid gently goping. ~ccasiondlfy flooded. V W  gravelly. sandy soils; on flood c 
I . . 

Gilman:  early level. rarely $loodd. loamy soils: on flood plains and alluvial fans . . .  
:?:' 

DEEP.VERY WARM SOILS; ON FAN TERRACES 

M o m d i ~ a r r i ~ D a u r e :  Nearly level. nongravelly to very gravelly, loamy and sandy kits; on fan 
) 

~oha l l~ont ine !  Nearly level and gmtly sloping, loamy and clayey soils; on fan terraces 

walls: Dominantly gently sloping to moderately steep, gravelly and very grz 

inantly gently sloping to moderately steep. gravelly and very gravelly, I 
cfayey soils; on fan terraces 

.AN0 DEEP. VERY WARM SOILS; ON FAN TERRACES 

early level and gently sloping, cnbbly and nongravelly to very gravelly, 

OW. VERY WARM SOILS. AND ROCK OUTCROP; ON HILL SLOPES 

: Dominantly strongly sloping to steep. very gravelly, loamy soils. a 

DEEP. WARM SOILS; ON FAN TERRACES AN0 FLOOD PLAINS 

gently sloping, clayey and loamy soils; on fan terraces 

~ ~ ; ~ e n o :  h l inant ly  gently sloping to moderately steep. very gravelly. clayey and loamy soils; 

RM SOILS ON FAN TERRACES 

fly sloping to moderately steep, nongravilly and very 

Gran-Rock outcr~ip~ehmans: Dominantly moderately steep and steep. nongravelly andvery gravel(, 
clayey ,is. and M outcro~: on hi11 siopes , moun, sfom 
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Aguila-Carefree Soil Survey 

M ~ P  % o f  Control  
Uni t  

XKSAT, 
Map Horlzon Table 4.2 

No. So i l  Name USDA Soil Texture Un i t  Depth, Inches Textural C lass  
lnchl 
hour 

29,30 Denure Fine Sandy Loam 40 0-2 Loam 0.34 
Momoli Gravelly Sandy Loam 30 0-10 Sandy Loam 
Camzo Gravelly Sandy Loam 20 0-10 Sandy Loam 
Glman 3.33 Loam 

Map0 3.33 Sandy Loam 
Carriro 3.33 Loamy Sand 

31,32 D i i e t a  Wemely Cobbly Sandy Loam 85 1-8 Sandy Loam 0.33 
Rodt Outcmp 35 - 
Ohaw 25  Clav Loam 
N!&l 2.5 Sandy Loam 
Cave 2 5 Loam 
Eba 2.5 Sandy Loam 
Gran 25  Clay Loam 
Lehrnans 2.5 Clay Loam 

33.34,s Eba Very Gravellv Loam 80 0-3 Sandv Loam 023 
P i i e n a  10 
Conbnental 

sandychy Loam 
10 Clav 

36 Eba Very Gmvelly Loam 45 (0-3) sandy Loam 0.07 
Continental Clay 35 (144) Chv 
Ohaw 5 Clay Laam 
Pinaleno 5 sandy Clay Loam 
Sun City 5 
Tres Hennms 

Loam 
5 Clay Laam 

37,38 Eba Very Gravelly Loam 40 (0-3) Sandy Loam 0.13 
Continental C ~ Y  25 
Cave Loam 

( 1 4 )  ChY eG 
20 (1-14) Loam 

&t"QnY 2.5 
Mzo  

s a n d y h  
25  Loamy Sand 

Greyeagle 2.5 Sandy Loam 
Ohaw 25  Clay Loam 
N'W 2 5  Sandy Loam 
P i i e m  2.5 sandycw Loam 

39 Eba Very GmveUy Loam 30 0-3 sandy- 029 
N i i  Gl;ivdly Loam 25 1-10 
Cave Loam 25 1-14 Loam 

s a n d y h  

Mzo 4 
Pinaleno 

m y  safd 
4 

Sun City 
sandymy Loam 

4 
Greyeagle 

sandy C ~ Y  - 
4 

ohaw 
sandy Loam 

4 Clay Loam 

* 
June 1.1992 
.- . 
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Aguila-Carefree Soil Survey 

M a p  % o f  Controi XKSAT, 
unn M a p  Hor izon Table 4.2 Inch1 
No. So l l  Name USDA soil Texture Unn Depth, Inches Textural Class hour 

70.71 Gunsight Very Gravelly Loam 40 0-1 1 Sandy Loam 0 36 
Rillito Cravellv Loam 40 0-12 Sandy Loam 
Camzo 2.22 Loamy Sand 
Chu&walla 222 Sit 
Ebon 222 Clay Loam 
M0hall 222 Loam 
P i i t  222 Slt 
Tremanl 222 Sandy Loam 
CipMno 222 Sandy Loam 
Pnb 222 Sandy Loam 
Gilman 222 Loam 

72.73 Lehmans Clay Loam 64 0-2 Clay Loam 0.09 
Rodt Outaop 30 - OK 

Arizo 7.2 Loamy Sand 
Eba 7.2 Sandy Loam 
F'iiem 72 sandy Clay Loam 
Greyeagle 72 Sandy Loam 
N i i  7_2. sandy Loam 

74 Luke Very Gravelly Clay 45 1-28 silty clay OD8 
Ciwiano Vely Gravelly Loam 35 0.6 SandV Loam 
i3eardJey 2857 clay 
Conline 2857 Clay Loam 
Ebon 2.857 Silty Clay Loam 
P i i t  2.857 Slit 
Sun City 2.857 Sandy Clay Loam 
G u n W  2.857 Loamy Sand 
Cam'zo 2.857 Loamy Sand 

75 ~ o h a l l  ~oam 80 0-7 ~ o a m  on 
Gilman 5 Loam . 
~ le rba r  5 Loam 
come 5 Clay Loam 
Tiernont 5 sandy Loam 

76 Mahall Loam 80 0-7 Loam 023 
Contine 3.33 Clay Loam 
Mahall 3.33 Clay Loam 
Tiemant 3.33 sandy- 
Antho 3.33 SandYLoam 
Estreh 3.33 Loam 
Valenda 3.33 sandy- 

June 1.1992 
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Aguila-Carefree Soil Survey 

Map .. % o f  Contro l  XKSAT, 
Untl Map Hor lzon Table 4.2 Inch1 
NO. Soi l  Name USDA So l l  Texture unn Depth, Inches Tedu ra l  class hour 

86 Mohave Clay Loam 85 2-15 Clay Loam 0.05 -. 
Anmony 3 Sandy Loam 
Gila 
Tres Hermanos 
Mohave 
Contnenlal 

Loam 
Clay Loam 
Loam 
Clav 

87 Mohave Clay Loam 45 2-1 1 Clay Loam 0.04 
Mohave Clay Loam 40 2-5 Clay Loam 
Mohave 15 Clay Loam 

88 Mohave Clay Loam 45 2-1 1 Clay Loam 0.02 
Guest Clay 40 260 Clay 
Mohave 7.5 Loam 
Conrnental 75 clay 

89 Mohave Clay Loam 50 2-1 1 Clay Loam 0.06 
Tres Hermms Gravelly Clay Loam 30 2-20 Sandy Chv Loam 
Anzo 5 Loamy Sand 
AndMny 5 Sandy Loam 
Conb'nenlal 5 C ~ Y  
P~naleno 5 sandy ChY Loam 

90 Momoli Gravelly Sandy Loam 70 0 3  Sam3 Loam 0.39 
Camzo 7.5 Loamy Sand 
Marip0 7 5  w- 
~inamt 75 sat 
Denum 7.5 sandy- 

91,92 Momoli Very Gravelly Sandy Loam 45 160 Loamy Sand 0.93 
Canizo Verv Gravelly Sandy loam 35 0-1 1 Loamv Sand 
Mohall 25 Loam 
Tremant 2 5  s a n d y m  
Gunsight 2 5  Loamy Sand 
C h M l a  25 Silt 
Denure 2 5  Sandy Loam 
Glman 2 5  Loam 

Ma"p0 25 sandy- 
Camzo 2 5  sandy- 

93,94 N'dcel Gravdly Loam 50 1-10 sandy- 
Cam Loam 35 1-14 Loam 

aed 
AIim 3.75 Loamy Sand 
mny 3.75 sandy- 
Pinaleno 3.75 s a n d y m ~  - 
dreyea@e 3.75 sandy- 



Recommended Methods for Estimating 
Ralnfall Losses 

The threeinfiltration parametersare functions of soilcharacteristics, groundsurface 
characteristics, and land management practices. The soil characteristics of interest 
are particle size distribution (soil texture), ~rganic~matter, and bulk density. The 

characteristics are vegetation Fnopy cover, ground cover,and 
management practices y e  identified as various tillages as 

/ 
ters as a function of soil characteristics a l e s  alone (bare of Green ground anr7 ndition) have b obtained from published reports (Rawls 

and others, 1983; Ra and Brakensi ,19831, and average values of XKSAT and 
PSIF for each of the so texture d are shown in Columns (2) and (3) of Table 
4.2 The values of XKSA and PSIF rom Table 4.2 or Figure 4.3 should be used if 
general soil texture class' tion the drainage area is available References used 
to create Table 4.2 can be fo the Documentation Manual. 

In Table 4.2, loamv sand an&d are combined. The uarameter values that are 
shown in the table& for 1 The hydraulicconductivity WAT) for sand 
is often used as 4.6 ca~illary suction (PSiF) is oftenused as 1.9 

k i e a r e a s  can result in the generation 
of becorrect. Incorrectresultscouldcause 

and design. Therefore, it is recom- 
small subareas of sand--the 

Green and meter values for Gamy sand &used for the sand of 
a large portion of sand, then either theGreenand 

Table 4.2 
Green and Amnt ,t Rate Parameter Values for Bare Ground 

soil Texture 
Classlflcatlon 

(1 

loamy sand & sand 
sandy loam 
loam 

XKSAT 
Inchesthour 

(2) 

silty loam 
silt 
sandy day loam 

DTHETA' 
Inches "" 

(3) 
1.2 
0.40 
0.25 

clay loam 

Selection of DT.HETA: 

0.15 
0.10 
0.06 

sandy day 
silty day 
clay 

Dly = Nonirrigated lands, such as desert and rangeland; 
Normal = lniaated lawn, turf, and permanent pasture; 

2.4 
4.3 
3.5 

silty day loam I 0.04 1 10.8 1 0.30 1 0.15 0 I 0.04 

Saturated = lnigated agricultural land. 

6.6 
7.5 
8.6 

0.02 
0.02 
0.01 

4-10 June 1. 1992 

0.35 
0.35 
0.35 

8.2 1 0.25 1 0.15 

0.40 
0.35 
0.25 

0 

9.4 
11.5 
12.4 

0.30 
0.25 
0.25 

0 
0 
0 

0.25 
0.15 
0.15 

0.20 
0.20 
0.15 

0 
0 
0 

0.10 
0.1 0 
0.05 

0 
0 
0 



Rainfall Losses 

Figure 4.3 
Composite Values of PSlF and DTefETA as a function otXKSAT 

(To be used for area-weighted averaging of Green and Ampt parameters.) 



Recommended Methods for Estimating 
Rainfall Losses 

Vegetation Cover (Vc), % 

Figure 4.4 
Effect of Vegetatlon Cover on Hydraulic Conductlvlty 

For ~ydraulic Soil Groups 8, C, and D, and for all Soll Textures 
other thansand and Loamy Sand 

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

The influence of tillage results in a change in total porosity and therefore a need to 
modify the three Green and Ampt equation Mtration parameters. The effect of 
tillage systems on soil porosity and the corresponding changes to hydraulic con- 
ductivity, wetting front capillary suction, and water retekon is available (Rawls 
and Brakensiek, 1983). Although this information is available, it is not presented in 
this manual, nor is it recommended that these adjustments be made to the infiltra- 
tion wrameters for design vurpose use in Maricoua Countv; because for most flood 
esti-tion purposes it -ot &assumed that the soil willbe in any particular state 
of tiltaeeat the timeof stormoccurrenceand therefore the basecondition infiltration 
param:ters, as presented, should be used for flood estimation purposes. However, 
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Table 5.1 
Equation for Estimating Kb In the Tc Equation 

June 1. 1992 
.. - 

K b = m l o g A + b  
area, In acres 

Typical 
Appllcatlons 

Commercial/ 
industrial areas 

Residential area 
Parks and golf 

murses 
Agricultural fields 
Pastures 
Desert rangelands 
Undeveloped 

urban lands 

Hillslopes 
Brushy alluvial 
fans 

Hilly rangeland 
Disturbed land, 

mining, etc. 
Forests with 

underbrush 

Mountains 
Some wetlands 

TY Pe 

A 

B 

- 
C 

D 

Equatlon 
-. Where A is drainage 

Descrlptlon 

Minimal roughness: Relatively smooth 
andlor well graded and uniform land 
surfaces. Surface runoff is sheet flow. 

Moderately low roughness: Land 
surfaces have irregularly spaced 
roughness elements that protrude 
from the surface but the ovemll 
character of the surface is relatively 
uniform. Surface runoff is 
predominately sheet flow around the 
roughness elements. 
Moderately high roughness: Land 
surfaces that have significant large to 
medium-sized roughness elements 
andlor poorly graded land surfaces 
that cause the flow to be diverted 
around the roughness elements. 
Surface runoff is sheet flow for short 
distances draining into meandering 
drainage paths. 
Maximum roughness: Rough land 
surfaces with torturous flow paths. 
Surface runoff is concentrated in 
numerous short flow paths that are 
often oblique to the main flow 
direction. 

Parameters 

m 

-0.00625 

-0.01375 

-0.025 

-0.030 

b 

0.04 

0.08 

0.1 5 

0.20 



Figure 5.5 

Resistance Coefficient "Kb" as a Function of Watershed Size and Surface Roughness Characterlstlcs 
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MEASURED WATERCOURSE SLOPE. FT/MILE 
. . 

Figure 5.4 
Slope Adjustment for Steep Watercourses in Natural Watersheds 

(Source: Drainage Criterla Manual, Urban Drainage and 
Flood Control District, Colorado, May 1984.) 

. * - 



SUBJECT ------- -- ---- --- A== BY -------- OATE -\ 

G L j w g U a  - 4Y062n L --------- - ----- -- 40 SHEET NO OF- --- 
---------------- PROJECT NO.- - - -----A 



Unlt Hydrograph Procedures 

5 w f 4 \  

Table 5.2 
Values of the Synthetic Dlrnensionless Tlme-Area Relatlons 

for the Clark Unit Hvdroclraph 

r %$% !*&# An Sgraph is a dimensionless form of a unit it can be used in the 
place of a unit hydrograph in performing The concept of 
h e  Sgraph dat& ba& developm&t of the itself, although 
the application of not been as of the unit 
hydr6hph. Theuseof 
of Engineers, Los (USBR). 

An example of an Sgraph Dams (USBR, 1987) is shown in 
Figure5.8. The discharge of ultimate discharge (Quit), 
and the time scale is def&ed as the elapsed time, 
usually in hours, of unit rainfall 
excess 

isthetim~for50percentof of a&it hydrograph to occ& 
It is to be noted that,there for lag in hvdrolow and the 
Sgraph lag should are iot c&istezwith this 
definition. 

Ultimate discharge id the maximum discharge that would be achieved from a 
particular watershed when subjected to a continuous intensity of rainfall excess of 

June 1,1992 5-1 7 
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F L W O  HYDROGRAPH PACKAGE (HEC-1) : * U.S. ARMY CORPS OF ENGINEERS * 

* MAY 1991 HYDROLOGIC ENGINEERING CENTER * 
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T H l S  PROGRAM REPLACES A L L  P R E V I W S  VERSIONS OF HEC-1 KNOWN AS HECl (JAN 73). HECIGS, HEClDB, AND HECIKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTIMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED U l T H  THE 19T3-STYLE INPUT STRUCTURE 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD MAS CHANGED U I T H  REVISIONS DATED 28 SEP 81. T H l S  I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK OUTFLCU SUBMERGENCE SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATIO~ INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 



--- - ... . - - - 
HEC-1 INPUT PAGE 1 

LINE I0 ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 
* filename = alOO.HC1 * 
* 
*DIAGRAM * 
ID Casandra Uash Detention Dam CH2M H i l l  Ap r i l ,  1994 
ID HEC-1 f a r  P100, revised dam locat ion a l te rna t i ve  #3 

KK SAC230 
KM SUB-BASIN SAC230 
KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC & R FOR T H l S  BASIN 
Kn THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
Kn BASIN FROn UICKENBERG ADMS 
BA .720 . . . . . - . 
IN 15 
Kn RAINFALL DEPTH OF 3.40 UAS SPACIALLY REDUCED AS SHOWN BY THE PB RECORD 
* 10 ear - 2.202, 100 year = 3.350 
PB g.350- - -. ~ 

KM THE FOLLWING PC RECORD USED A 6-HOUR STORM WITH A PATTERN No. OF 1.53 
PC .OOO .009 .016 .025 .034 .042 .051 .059 .067 .075 
PC .087 .lo0 .I19 .I51 .235 .416 .760 .a72 .915 .944 
PC .956 .967 .979 .989 1.000 
LC .I00 .250 5.200 .240 35.000 

KK SAC235 
KM SUB-BASIN sac235 
KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC 8 R FOR T H l S  BASIN 
KM THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
KM BASIN FROM UICKENBERG ADMS 

KK ADD 
KM ADD SAC230 8 SAC235 

ic 2 

KK RWTE 
KM RWTE COMBINED HYDROGRAPH TO DAM LOCATION 
RS 1 FLW - 1 
RC .045 .03 .045 4200 .0175 
RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
E Y  16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

Page 2 of 21 
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I H E C - I  INPUT PAGE 2 

L I N E  I D  ....... 1.......2.......3.......4.......5.......6.......7.......8.......9......10 1 
4 1  KK CAS240 
4 2  KM SUB-BASIN c a s 2 4 0  
4 3  KM 6 - H W R  RAINFALL, PATTERN NO. 1 . 5 3  UAS USED TO FINO TC B R FOR T H I S  BASIN 
4 4  KM T H I S  BASIN USED RAINFALL REDUCTION FACTOR OF .985 
4 5  KM B A S I N  MODIFIED F R M l  UICKENBERG AOMS TO REFLECT DAM LOCATION 
4 6  BA . I 4 0  
4 7  LC , 1 0 0  .210  6 .400  . 1 4 0  21 .000  
4 8  UC . 2 5 8  . 2 3 2  
4 9  UA 0 5 16 3 0  6 5  77 8 4  9 0  9 4  97 

5 1  KK DAMIN 
5 2  KO 1 
5 3  KM ADD ROUTED HYDROGRAPH TO CAS240 
5 4  HC 2 

5 5  KK D W T  
5 6  Kn Route H y d r o g r a p h  T h r o u g h  Dam. 
5 7  Kn 
5 8  RS 1 STDR 2 
59 KO 1 * 

- 

P1OO.RIT 2-2-95 2:llp Page 3 of  21 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

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

NO. ( .) CONNECTOR ( < - - - )  RETURN OF DIVERTED OR PUMPED FLOU 

5 SAC230 

3 2  ADD ............ 
v 
v 

35 R W T E  

('**) RUNOFF ALSO COMPUTED AT T H I S  LOCATION 

I. - - - - - _. . _- -- 

3 
5 
i 

9100 .0~~  2-2-95 2:llp Page 4 o f  21 
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HECl SIN: 0 1 3 4 3 0 1 1 2 2  H U V e r s i o n :  6.33 D a t a  F i L e :  Q 1 0 0 . h c l  

F L W O  HYDROGRAPH PACKAGE (HEC-1) z 
MAY 1991 

t VERSION 4.0.1E . t 

* 
RUN DATE 0 2 / 0 2 / 1 9 9 5  T l M E  1 4 : l l : l S  . 

.***t**tt**.*.*..~""~""*"*"*"""""******"* 

C a s a n d r o  Wash D e t e n t i o n  Dam CH2M H i l l  A p r i  1, 1 9 9 4  
HEC-1 f o r  P100, revised dam L o c a t i o n  a l t e r n a t i v e  #3 

W T P U T  CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

... - .. - - .......... .- - ..... 
NMlN 5 MINUTES I N  CCUPUTATION INTERVAL 

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

NQ 9 0 0  NUMBER OF HYDROGRAPH ORDINATES 
NDDATE 4 0 ENDING DATE 
NDTIUE 0 2 5 5  ENDING TIME 
ICENT 19 CENTURY M R K  

COMPUTATION INTERVAL 0 .08  H W R S  
TOTAL T l M E  BASE 74.92 H W R S  

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

....................................... 
* * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 6 0 9  SECOND STREET * DAVIS, CALIFORNIA 9 5 6 1 6  
t 

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

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

11 I N  TIME DATA FOR INPUT TIME SERIES 
JXMlN 1 5  TIME INTERVAL I N  MINUTES 

- JXDATE 1 0 STARTING DATE - 
P100.WT 2-2-95 2:llp 

- .. - -. 
Page 5 of 21 



.- .- -- 
JXTlME 0 STARTING TIME 

SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERISTICS 
TAREA 0.72 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB STORM 3.35 BASIN TOTAL PRECIPITATION 

INCREMENTAL 
0.00 
0.00 
0.00 
0.00 
0.03 
0.04 
0.00 
0.00 

PREClPITATlON PATTERN 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.00 
0.00 0.00 0.01 
0.03 0.06 0.06 
0.01 0.01 0.01 
0.00 0.00 0.00 
0.00 

18 LG GREEN AND AMPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.25 MOISTURE DEFICIT 
PSlF 5.20 VETTING FRONT SUCTION 

XKSAT 0.24 HYDRAULIC CDNDUCTIVITY 
RTlMP 35.00 PERCENT IMPERVIWS AREA 

19 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 
R 0.37 STORAGE COEFFICIENT 

20 UA ACCUMULATED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, RE 0.37 HR 

SNYDER TP= 0.29 HR, CP= 0.48 

UNIT HYDROGRAPH 
26 END-OF-PER100 ORDINATES 

83. 383. 684. 750. 692. 597. 487. 387. 308. 246. 
195. 156. 124. 99. 79. 62. 50. 40. 32. 25. 
20. 16. 13. 10. 8. 6. 

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

HYDROGRAPH AT STATION SAC230 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, TOTAL EXCESS = 2.32 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1078. 4.17 (CFS) 178. 45. 15. 14. 

(INCHES) 2.293 2.306 2.306 2.306 
(AC-FT) 88. 89. 89. 89. 

CUMULATIVE AREA = 0.72 SQ M I  

*** *** *** *,* *** *** *** *** ..* .** *** **. .** *** *** .** *** *** *** *** *** *** *** *** **+ *** *** *** *** *** *** **. *.* 
- - . . - - ----- 

0100.WT 2-2-95 2: l lp  Page 6 of  21 



SUB-BASIN sac235 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC & R FOR THlS BASIN 
THlS BASIN USE0 RAINFALL REDUCTION FACTOR OF ,985 
BASIN FROM UICKENBERG AOMS 

SUBBASIN RUNOFF DATA 

27 BA SUBBASIN CHARACTERISTICS 
TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB STORM 3.35 BASIN TOTAL PRECLPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.01 
0.03 0.03 0.06 0.06 
0.04 0.01 0.01 0.01 
0.00 0.00 0.00 0.00 
0.00 0.00 

28 LG GREEN AND AMPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.23 MOISTURE DEFICIT 
PSlF 6.20 UETTING FRONT SUCTION 

XKSAT 0.15 HYDRAULIC CONDUCTIVITY 
RTIMP 36.00 PERCENT IMPERVIWS AREA 

29 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.46 STORAGE COEFFICIENT 

30 UA ACCUMULATEO-AREA VS. TIME 11 ORDINATES 
0.0 5.0 i6.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNlT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNlT HYDROGRAPH 
32 END-OF-PER100 ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 172. 144. 
120. 100. 84. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 

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

HYDROGRAPH AT STATION SAC235 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 0.87, TOTAL EXCESS = 2.48 

PEAK FLOU TIME -- MAXIMUM AVERAGE FLOU -- - -- -- - -. - 
Q100.oUT 2-2-95 2 : l l p  Page 7 of  21 



- .. 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

532. 4.25 (CFS) 100. 25. 8. 8. 
(INCHES) 2.450 2.467 2.467 2.467 

(AC-FT) 50. 50. 50. 50. 

CUMULATIVE AREA = 0.38 SP Ml  

**t *** *.* *** *** *** *st ..* *** t** *.* .I* *** +*+ *+* *+* *** tt* I.. .*. *** .** *** *** *** *** *** *.* .** *** *** ttf *** 

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

3 2  KK * ADD " * 
******..*****. 

ADD SAC230 & SAC235 

34 HC HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION ADD 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1608. 4.17 (CFS) 278. 70. 23. 22. 
(INCHES) 2.347 2.361 2.361 2.361 

(AC-FT) 138. 139. 139. 139. 

CUMULATIVE AREA = 1.10 sa MI 

.****~*****tll* 

* X 

35 KK * RWTE * * " 
*****.*****.** 

RWTE COnBlNED HYDROGRAPH TO DAM LOCATION 

HYDROGRAPH ROUTING DATA 

3 7  RS STORAGE ROUTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 IN IT IAL  CONDITION 

X 0.00 UORKING R AND D COEFFICIENT 

. DEPTH 
ANL 

ANCH 
ANR 

RLNTH 
SEL 

ELMAX 

CHANNEL 
0.045 
0.030 
0.045 
4200. 

0.0175 
0.0 

LEFT OVERBANK N-VALUE 
MAIN CHANNEL N-VALUE 
RIGHT OVERBANK N-VALUE 
REACH LENGTH 
ENERGY SLOPE 
MAX. ELEV. FOR STORAGE/WTFLOW CALCULATION 



- 
CROSS-SECTION DATA 

- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  R I G H T  OVERBANK - - -  
40 RY ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
39 RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

1 
*** 

COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
WTFLOU 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLCU 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

HYDROGRAPH AT STATION RWTE 

PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1552. 4.25 (CFS) 277. 70. 23. 22. 

(INCHES) 2.341 2.361 2.361 2.361 
(AC-FT) 137. 139. 139. 139. 

PEAK STORAGE TlME 
(AC-FT) (HR) 

13. 4.25 

PEAK STAGE TlME 
(FEET) (HR) 
13.22 4.25 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 

3. 1. 0. 0. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

10.97 10.25 10.08 10.08 

SUB-BASIN cas240 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC 8 R FOR T H l S  BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN MOOIFlED FROM UICKENBERG ADMS TO REFLECT DAM LOCATION 

"t* **. *** *** *** *** *** *** *** *** *** It* *** *** *** *** *** *** *** tl. **l tt* tt* *t* *** *** *t* *** *** *** *** t** *** 

SUBBASIN RUNOFF DATA 

I 

46 BA SUBBASIN CHARACTERISTICS 
TAREA 0.14 SUBBASIN AREA 

PRECIPITATION DATA 

14 PB STORM 3.35 BASIN TOTAL PRECIPITATION 

14 PI INCREMENTAL PRECIPITATION PATTERN 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 -- - - . -- -- 
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47 LG GREEN AND AMPT LOSS RATE 
STRTL 0 . 1 0  STARTING LOSS 

OTH 0.21 MOISTURE D E F I C I T  
P S l F  6 .40  UETTING FRONT SUCTION 

XKSAT 0.14 HYDRAULIC CONDUCTIVITY 
RTIMP 21.00 PERCENT IMPERVIOUS AREA 

I 4auc 

CLARK UNITGRAPH 
TC 0 .26  TIME OF CONCENTRATION 

R 0.23 STORAGE COEFFICIENT 

4 9  UA ACCUMULATED-AREA VS. TIME 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0  77.0 8 4 . 0  90 .0  9 4 . 0  97.0 

100 .0  

*** 

U N I T  HYDROGRAPH PARAMETERS 
CLARK TC- 0 .26  HR, R= 0 .23  HR 

SNYDER TP- 0.19 HR, CP= 0 .52  

U N I T  HYDROGRAPH 
16 END-OF-PERIW ORDINATES 

63 .  187. 231. 182. 128 .  89. 62 .  4 3 .  30 .  21. 
15.  10. 7. 5. 3. 2. 

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

HYDROGRAPH AT STATION CAS240 

TOTAL RAINFALL = 3.35, TOTAL LOSS = 1.03, T O W L  EXCESS = 2.32 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

2 7 5 .  4.08 (CFS) 35 .  9. 3.  3. 
(INCHES) 2.300 2.305 2.305 2.305 

(AC-FT) 17. 17. 17. 17. 

CUMULATIVE AREA = 0.14 SO M I  

5 2  KO W T P U T  CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
OSCAL 0. HYOROGRAPH PLOT SCALE 

ADO ROUTED HYDROGRAPH TO CAS240 

L5C HC HYDROGRAPH COMBINATION -- 
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l COMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

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

HYDROGRAPH AT STATION OAMlN 
SUM OF 2 HYOROCRAPHS 

DA MON HRMN ORD FLOW OA MON HRMN OR0 FLOW OA MON HRMN ORD FLOW DA MOM HRMN ORD FLOW . 



.... 
0615 76 
0620 n 
0625 78 
0630 79 
0635 80 
0640 81 
0645 82 
0650 83 
0655 84 
0700 85 
0705 86 
0710 87 
0715 88 
0720 89 
0725 90 
0730 91 
0735 92 
0740 93 
0745 94 
0750 95 
0755 96 
0800 97 
0805 98 
0810 99 
0815 100 
0820 101 
0825 102 
0830 103 
0835 104 
0840 105 
0845 106 
0850 107 
0855 108 
0900 109 
0905 110 
noin r r r  
c b i S  i i i  
0920 113 
0925 114 
0930 115 
0935 116 
0940 117 
0945 118 
0950 119 ... 
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PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

1769. 4.25 (CFS) 312.  79.  26. 25.  
(INCHES) 2.336 2.355 2.355 2.355 
(AC-FT) 154. 156. 156. 156. 

CUMULATIVE AREA = 1.24 SO MI  

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

55 KK * DAMWT : . 
************** 

Route Hydrograph Through Dam. 

5 9  KO OUTPUT CONTROL VARIABLES -- 
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IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYOROGRAPH PLOT SCALE 

HYOROGRAPH ROUTING OATA 

58 RS STORAGE RWTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP STOR TYPE OF INITIAL CONDITION 
RSVRlC 2.00 INITIAL CONDIT ION 

60 SA AREA 2.0 2.5 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

62 SE ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

64 SO DISCHARGE 0. 10. 14. 19. 23. 29. 31. 295. 823. 1539. 
2423. 3450. 4577. 57i3. 7015. 

COHPUTEO STORAGE-ELEVATION OATA 

STORAGE 0.00 4.53 16.62 41.74 89.06 117.93 139.09 150.24 161.71 173.46 
ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 

STORAGE 185.44 197.64 210.20 223.26 236d82 
ELEVATION 2159.00 2160.00 2161.00 2162.00 2163.00 

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

HYOROGRAPH AT STATION OAMWT 

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

* " 
OA MON HRMN OR0 WTFLOU STORAGE STAGE : OA MON HRMN OR0 WTFLW STORAGE STAGE : OA MON HRMN OR0 WTFLOW STORAGE STAGE 

52.4 2145.4 
52.3 2145.3 
52.2 2145.3 
52.0 2145.3 
51.9 2145.3 
51.8 2145.3 
51.6 2145.3 
51.5 2145.2 
51.3 2145.2 
51.2 2145.2 
51.1 2145.2 
50.9 2145.2 
50.8 2145.1 
50.7 2145.1 
50.5 2145.1 
50.4 2145.1 
50.2 2145.1 
50.1 2145.1 
50.0 2145.0 
49.8 2145.0 
49.7 2145.0 
49.6 2145.0 
49.4 2145.0 
49.3 2145.0 
49.2 2144.9 
49.0 2144.9 
48.9 2144.9 -- - - .. . .- - 
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48.7 2144.9 
48.6 2144.9 
48.5 2144.9 
48.3 2144.8 
48.2 2144.8 
48.1 2144.8 
47.9 2144.8 
47.8 2144.8 
47.7 2144.8 
47.5 2144.7 
47.4 2144.7 
47.3 2144.7 
47.1 2144.7 
47.0 2144.7 
46.8 2144.6 
46.7 2144.6 
46.6 2144.6 
46.4 2144.6 
46.3 2144.6 
46.2 2144.6 
46.0 2144.5 
45.9 2144.5 
45.8 2144.5 
45.6 2144.5 
45.5 2144.5 
45.4 2144.5 
45.2 2144.4 
45.1 2144.4 
45.0 2144.4 
44.8 2144.4 
44.7 2144.4 
44.6 2144.4 
44.4 2144.3 
44.3 2144.3 
44.2 2144.3 
44.0 2144.3 
43.9 2144.3 
43.8 2144.3 
43.6 2144.2 
43.5 2144.2 
43.4 2144.2 
43.2 2144.2 
43.1 2144.2 
43.0 2144.2 
42.8 2144.1 
42.7 2144.1 
42.6 2144.1 
42.5 2144.1 
42.3 2144.1 
42.2 2144.1 
42.1 2144.0 
41.9 2144.0 
41.8 2144.0 
41.7 2144.0 
41.5 2144.0 
41.4 2143.9 
41.3 2143.9 
41.1 2143.9 
41.0 2143.9 
40.9 2143.9 
40.7 2143.8 
40.6 2143.8 
40.5 2143.8 
40.4 2143.8 
40.2 2143.8 

... 40.1 2143.7 
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31.9 2142.4 
31.8 2142.4 
31.7 2142.4 
31.5 2142.4 
31.4 2142.4 
31.3 2142.3 
31.2 2142.3 
31.1 2142.3 
31.0 2142.3 
30.8 2142.3 
30.7 2142.2 
30.6 2142.2 
30.5 2142.2 
30.4 2142.2 
30.3 2142.2 
30.2 2142.2 
30.0 2142.1 
29.9 2142.1 
29.8 2142.1 
29.7 2142.1 
29.6 2142.1 
29.5 2142.0 
29.4 2142.0 
29.3 2142.0 
29.1 2142.0 
29.0 2142.0 
28.9 2142.0 
28.8 2141.9 
28.7 2141.9 
28.6 2141.9 
28.5 2141.9 
28.4 2141.9 
28.2 2141.9 
28.1 2141.8 
28.0 2141.8 
27.9 2141.8 
27.8 2141.8 
27.7 2141.8 
27.6 2141.7 
27.5 2141.7 
27.4 2141.7 
27.3 2141.7 
27.1 2141.7 
27.0 2141.7 
26.9 2141.6 
26.8 2141.6 
26.7 2141.6 
26.6 2141.6 
26.5 2141.6 
26.4 2141.6 
26.3 2141.5 
26.2 2141.5 
26.1 2141.5 
26.0 2141.5 
25.9 2141.5 
25.7 2141.5 
25.6 2141.4 
25.5 2141.4 
25.4 2141.4 
25.3 2141.4 
25.2 2141.4 
25.1 2141.4 
25.0 2141.3 
24.9 2141.3 
24.8 2141.3 

- 24.7 2141.3 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

118. 5.83 (CFS) 47. 32. 23. 23. 
(INCHES) 0.350 0.957 2.101 2.125 

(AC-FT) 23. 63. 139. 141. 

PEAK STORAGE TlME 
(AC-FT) (HR) 1 143. 5.83 

PEAK STAGE TlME 
(FEET) (HR) 

2155.33 5.83 

-- ---- 
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OPERATION STATION 

HYDROGRAPH AT SAC230 

HYDROGRAPH AT SAC235 

2 COMBINED AT ADD 

ROUTED TO RWTE 

HYDROGRAPH AT CAS240 

2 COMBINED AT DAMIN 

ROUTED TO DAMWT 

PEAK 
FLOW 

1078. 

532. 

1608. 

1552. 

275. 

1769. 

118. 

RUNOFF SUMMARY 
FLOU I N  CUBIC FEET PER SECOND 

TlME IN HOURS, AREA I N  SQUARE MILES 

TIME OF AVERAGE FLOU FOR MAXIMUM PERIOD 
PEAK 6-HOUR 24-HOUR 72-HOUR 

4.17 178. 45. 15. 

4.25 100. 25. 8. 

4.17 278. 70. 23. 

4.25 277. 70. 23. 

4.08 35. 9. 3. 

4.25 312. 79. 26. 

5.83 47. 32. 23. 

BASIN MAXIMUM TIME OF 
AREA STAGE MAX STAGE 

0.72 

0.38 

1.10 

1.10 13.22 4.25 

0.14 

1.24 

1.24 2155.33 5.83 

"' NORMAL END OF HEC-1 *** 





TO: Steve WalkerRHX 
-. 

COPIES: Michael LopezrFCDMC 
Sandy Story/FCDMC 
Peter BinneylDEN 
Roger LidquistlCVO 
John LivingstonmDD 

FROM: Jon FulIerlPHX 

DATE: January 26, 1994 

SUBJECT: Casandro Wash Probable Maximum Flood Determination 

Introduction 

This mc:morandum summarizes emergency spillway design criteria for the Casandro Wash 
Detention Dam, as specified in Arizona Department of Water Resources (ADWR) report 
"Gui&r'ines for the Determination of Spillway Capacity Requirements" dated May, 1991 
(hereder, "the ADWR Manual"). The memorandum also summarizes the procedures 
used and the modeling results for the probable maximum flood (PMF) at the proposed 
dam site. 

Hazard Classification 

In Ariz'ona, spillway design criteria, as outlined in the ADWR Manual, are a function of 
the hazard classification of the dam. Hazard classification is based on factors such as the 
height of the dam, storage capacity, existing and probable future downstream 
development, uses of the reservoir, operational procedures, the type of dam, the type of 
spillway, the site and foundation geology, the size, slope and material composition and 
configuration of the downstream channel and the d i c e  of the dam from the nearest 
downsbream development The Casandro Wash Dam will have a spillway crest height of 
about 25 feet (total dam height of about 30 feet), a maximum storage capacity of about 
150 acre feet (below the spillway), will have increased future residential development 
downstream, will be used for flood control purposes only, will be uncontrolled, and will 
probably be earthen with an overflow emergency spillway. 

- 
The Casandro Wash Dam will be classified as a small, significant to high hazard dam by 
ADWR due to more than a small number of habitable structures downstream and the 
potenti:il for appreciable economic losses downstream. Table 1 of the ADWR Manual 
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(attached) classifies these characteristics as high hazard. The dam is classified as high 
hazard for urban development, and significant hazard for economic loss. Dam size is a 
function of its height and capacity. The proposed dam's height is between 25 and 39 feet, 
and its proposed capacity is between 15 and 499 acre feet These characteristics give the 
proposed structure a cumulative rating factor of 1. According to Table 2 of the ADWR 
Manual, "small" dams have a cumulative rating between 0 and 2. 

Spillway Design Criteria 

The spillway design flood recommended by ADWR for the proposed Casandro Wash Dam 
is the half probable maximum flood (0.5-PMF), given the hazard and size classification. 
Small dams in the high hazard class are to have a spillway that passes the 0.5-PMF; small 
dams in the significant hazard class are to have a spillway that passes the 100-year to 
0.5-PMF, as indicated on Table 3 of the ADWR Manual (attached). 

Total heboard, or the distance between the top of the dam and the spillway crest, is 
determined by the type of dam, the o u m  water surface during discharge of the design 
flow (0.5-PMF), wave height and runup, and economic factors. The xninimum 
permissible total freeboard for the spillway will be 4 feet according to the ADWR 
Manual. 

Residual freeboard, or the distance between the maximum water surface during passage of 
the inflow design flood and the top of the dam, must be a minimum of three feet, except 
when the inflow design flood is the 0.5-PMF or greater. For cases when the inflow 
design flood is 0.5-PMF or greater, the residual freeboard may be reduced. 

Probable Maximum Flood Estimate 

The 0.5-PMF and full PMF (PMF) were estimated using procedures outlined in 
Hydrometerological Report 49 (HMR 49; Probable Maximum Precipitation Estimates, 
Colorado River and Great Basin Drainages, U S  Army Corps of Engineers, September 
1997). The HEC-1 hydrologic model used to estimate the PMF and 0.5-PMF was 
developed by the FCDMC for the Casandro Wash as part of the Wickenburg Area 
Drainage Master Study (ADMS) and updated by CH2M HILL for this project. The HEC- 
1 model is described in dEtail elsewhere (See memorandum to Michael LopezFCDMC 
from Jon FullerICH2M HILL dated January 26. 1994). 

Probable maximum precipitation (PMP) for a "local" storm was determined from HMR 
49, as documented in computation sheets attached to this memorandum. The PMP 
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analysis featured the following: 

. I-hour PMP of 11.5 inches . No elevation adjustment (site < 5,000 feet) 
&hour to 1-hour ratio of 1.32 

o Aerial reduction of 0.25-, 0.5, 0.75-hour PMP values (area = 1.24) . No aerial reduction adjustment for 1-hour to 6-hour durations . Alternative incremental PMP distribution developed by USACOE 
(EM#1110-2-1411) . No aerial distribution of the PMP storm 

Application of the PMP depth and distribution to the HECl watershed model for Casandro 
Wash resulted in a PMF estimate of 10,941 cfs (HEC-1 file "CASFPMFE.HC1"). The 
0.5-PMF was determined by ratioing the full PMF hydrograph o r d i i  from the HECl 
model using a JR record, resulting in a 0.5-PMF estimate of 5,404 cfs (HEC-1 file 
"CASHPMFE.HCln). Computation sheets for determination of PMF and 0.5-PMF are 
attached to this memorandum. 

For the Casandro Wash project, the 0.5-PMF of 5,404 is recommended for design 
purposes. Freeboard is likely to be controlled by residual freeboard requirement of 3 feet 
above the maximum 0.5-PMF water surface elevation (WSEL). The Casandro Wash Dam 
is a high hazard, small dam. 

Table 1. 
Casandro Wash Spillway Design Criteria 

Spillway Capacity 

Freeboard 

0.5-PMF 

0.5-PMF 

4 ft  (spillway to top of dam) or 
3 ft above 0.5-PMF WSEL 

5,404 cfs 
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L TABLE 1. DOWNSTREAM HAZARD POTENTIAL CLASSIFICATION 

No permanent strucbae for human M i i a l  (undeveloped to occasional 
habitation structures or agricuktre). 

f High 
- 

industry, agricukure). 

Bscause this definition does not cite a s p M c  ~ m b e r  d r~es mat ewld be lasf some d i l l y  has been experienced in detennlning 
whather dams should be cateaoi+zed as having ' s i g i i i  or 'high' downstrean1 hazard potential The &sue is dzdsd by emphasizing that 

I th. w a r n  hazard catekial cl-ification should be based on the demitv d downstream develooment mntainins habitable structures. ........ 

I 
- 

Fcr ccamplc dams locat& upstream of isolated fannhusea would be daooified as having signilicant d&mtrram hara-d poteniial. and those 
located upsiredm d seved houses era residential development would be dastified as having a high downsiream hazard potential. 

( SIZE CLASSlFlCAllON 

4 Dams are ~IaS~iiiied into small, medium and large sizes. A Rese~oir capacity, in acre-feet, is measured to the 

f numefical rating procedure, based on the descriptive spilhvay crest or top of the spillway gates if so equipped. 
charadeMcs of height and reservoir capacity has been For dams with no spillway, capacity is measured to the 
developed to determine the dam sue dassification dam aest 

Height is measured from the lowest elevation of the The categories and corresponding rating factors are 
outside limit of the dam (usually the downstream toe) to shown in Table 2 
the s p i i  crest, or top of spillway gates if so equipped. 
For dams with no spillway, the height is measured to the 
crest of the dam. 

1, TABLE 2 SIZE CLASSIFICATION RATlNG CATEGORIES 

I 
A numerical rating is computed for each dam by adding have a rating of ( 3 + 4 = G d a m f ; ; a  

- 
e a rating in the 

the corresponding rating facton for each of the two range 0-2. medium dams i range of 3-7 and large 
categories. For example, a dam thafis 65 feet in height dams, 8 or greater. 
and has a reservoir capacity of 22,000 acre-feet would 1 
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.m evaluation of the and capac'w of an 
'ng spillway or a hydrologic design study for a 

>illway at a proposed dam is required to determine the r-' 
AWy of the structure to safely pass a flood whose 

I magnitude is estaMished on the basis of the s'ae and 
'mnsweam hazard potential clasSmcalions assigned to 
le dam 

I The lnRow Design Rood (IDF) for a specific spillway is 
etermined by the runoff hydrograph selected prim* 
n the basis of the size and hazard classications 

assigned to the dam. As there are many factors to 
consider in the selection of the magnitude of this flood, it 
is not the p u p x e  of these guidelines to require a specitic 
flood frequency, volume or rainfan depth for each 
classification However, Table 3 does provide ranges of 
flood magnitudes from which the Inflow Design Flood may 
be selected on the basis of the designated hazard 
potential and size dasTiC%3IhIS These ranges of flood 
magnibides genera(ly define the limits acceptable to the 
Department of Water Reswrces for use as the basis for 
sizing the spillway. 

1. TABLE 3. RECOMMENDED SPILLWAY DESIGN FLOODS 

I Low 

I Significant 

I High 

Small 
Medium 
Larse 

Small 
Medium 
Large 

Small 
Medium 
Lame 

. - 

1OOyear to 0.5 PMF 
0.5 PMF 

0.5 PMF to PMF 6 

".a r..,.- ." . ..st 
PMF 

I The flood magnitudes shown in Table 3 are derived from 
rainfall depths for mious durations and severities of 
storms. Both general irontal and thunderstorm type 

I 
storms should be studied wiVl due consideration given 
tropical storm potential and orographic inRuences that 
may greafly increase rainfall amounts. 

Recorded rainfall and flood flows in Amona are rather 
sparse, and the period of record is usually short 
Consequently, rainfall data are usually obtained from data 

'published by the National Weather Service as liied in the 
References. Synthetic flood hydrographs are then 
developed by modeling the watershed's rainfalV~noff 
response and employing the unit hydrograph approach I m e  peak inflow rate u s u w  has a greater influence than 
the runoff volume on the spillway capacity requirement for 
a dam with a small reservoir storage that is subject to 
dorm inflow from a large watershed. In this case, the ( Inflow Design Flood OOF) peak flow is essentially equal to 
the peak obtflow rate. Conversely, a reservoir that is 

relatively large compared to contniuting watershed will 
usually attenuate the IDF peak; in this case, the spillway 
peak d i i a r g e  may be considerably less than the IDF 
peak 
A spillway capacity less than outlined ?hove will be 
acceptable for: (I) all new darns, (2) existing dams which 
are being enlarged or improved, and (3) dams being 
reevaluated for safety, where the owner (or the owner's 
engineer) can demonstrate to the Department that the 
incremental damages due to failure of the dam are 
insignificant and will not cause loss of life. m e  analysis 
shall be based upon the dam failure caused by a flood 
which just exceeds the routing capacity of the reservoir- 
The result shall be compared to the pre-fatlure conditions 
such as the spillway d i i a r g e  and any reasonable 
rainfall runoff occumng between the dam site and the 
point(s) of interest below the dam. The burden of proof 
rests with the owner. 
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RESERVOIR ROUTING REQUIREMENTS 

m e  adequacy of the spillway for an existing dam is 

f' 
normally determined by rq@ng the Inflow Design Flood 
through the reservoir and spillway. Flood rouSngs for 
spillway capacity detenninatjons will normally be required 

P 
to commence with the reservoir storage level at the 
spgway crest e l m a o n  Infrequent exception would be: 
(1) normal conservation storage level is below the spillway 

f 
crest of a reservoir without a flood storage pool. (2) the 
ncmal upper surface of the cans--on pool is limited to 
a level that is coincident with the bottom level of the flood 
control pod allocation or (3) the reservoir is used 
exdus'nrely for flood control and would normally be empty. 
Deviations from the normal starting level of routing at the 
spillway crest elevation must be considered on the basis 
of risk and reservoir operating procedure. r FREEBOARD REQUIREMENTS 

P Total freeboard (the distance between the top of the dam 
and the spillway crest) is determined by the type of dam, 
the maximum water surface during discharge of the Inflow 

water surface and the top of the dam) depends on dam 
type. wave height and mnup, the slope and finish of the 

t' upper part of the upstream face. and the lMow Design 
Rood Generally, the minimum permissible residual free- 
board for an eartMill or rock311 dam shall be the greater of 
either the sum of wave height and mnup or three feet 
T K i  requirement may be reduced in those cases where 
the Inflow Design Flood is the 0.5 PMF or greater. 

The minimum residual freeboard for a concrete dam of 
any type withorR either a parapet wall or protection 
against overpour shall be the same as that of an earthfill 
cr rockfill dam. Concrete dams provided with parapet 
walls exceeding the minimum residual freeboard height, 
or concrete dams provided with adequate splash impact 
protection at the toe need no other residual freeboard 

DEFINITIONS 

The following definitions may be helpful to those concer- 
ned with the design of an emergency spillway. The 
terminology is largely based on data published by Federal 
agencies. 

IOa-Year Hood- The flood runoff whose magnitude is 
expected to be equaled or exceeded, on the average, 
once in 100 years. Stated another way. it is a flood that 
has a one percent chance of being equaled or exceeded 
in any one year. 

Concrete Dam- Any dam constructed of concrete. Some 
examples are: arch. gravity. arch-gravity, slab and 
buttress, multiple arch. A dam having only a concrete 
facing should not be referred to as a concrete dam. 

Dminge A m  - The area that drains naturally to a 
particular point on a river or stream. 

Fa/? Dam /Ea&/i/Dam/- An embankment dam in which 
more than 50% of the total volume Ls formed of 
compacted fine-grained material obtained from a borrow 
area 

Embankment Dam /F/l Damj - Any dam COnst~cted of 
)excavated materials 
/ 

Fit&- The straight line distance. between a dam and the 
farthest reservoir shore. The fetch is one of the factors 
used in calculating wave heights in a reservoir. 

F M -  The runoff from rainfall or snowmelt of significant 
magnitude and often related to a theoretical frequency of 
occurrence. Flood is iMow to the water control structure. 

F / d  Romg - The determination of the attenuating 
effects of storage on a flood passing through a valley. 
channel, or resewoir. 

Hyd/ogqh - A graphid representation of dischargs, 
stage, or other hydraulic property with respect to time for 
a particular point on a stream. (At times the term is 
applied to the phenomenon the graphical representation 
describes: hence a flood hydrograph is the passage of 
flood discharge p a  the observation point). 

/nflow Desgn F/ood (IDQ - The reservoir flood inflow 
whose magnitude has been selected for design require- 
ments based on the size and assigned hazard classifica- 
tion of the dam. The magnitude of the IDF may range from 
the 1ODyearflood to the PMF. 

Masonly Dam - Any dam constructed mainly of stone. 
brick, or concrete blocks that may or may not be joined 
with mortar. A dam having only a masonry-facing should 
not be referred to as a masonry dam. 
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Figire 4 .  ~ - - L Q c c z Z - S ~ Q ~  P W  for I ni2 (2.6 km2) 1 hr. f irect ly  
~ P Z & ~ J &  for b c a t i o n .  between sea ZeveZ and 5000 f t  (1524 a). 
Elevation @ k . ~ * n t  must be applied for bca t ion .  above 5000 I t .  

events.  In con t ra s t  t o  f i g u  intains a between 
these two loca t ions .  There is no ical,basis for a different 
so lu t ion -  The a n a l y s i s  sugges ts  t 

portion of the region 

mximum pm occurs between t h e  S i e  
west and the Wasatch 

range on the  e a s t .  

A d i s c r e t e  m a x i m u r n  (> 1 0  inches ,  the north end qf the 
Sacramento Valley i n  nor the rn  C a l i  

mais 

a i r  is inc reas ing ly  channeled and 
Pport for this Pm ten- 

t e r  comes from the  Newton, Kennett, ( f ig .  4.1). Although 
the ana lys i s  i n  t h i s  region  appe 

the broad 

through the  cen te r  of t h e  Sout 
d i r e c t i o n  of moist inflow. Th 

t o  t i e  p lo t t ed  maxima 
inflow d i r e c t i o n s ,  t e r r a i n  e f  f - -- - 



F w e  4.7---Anatysis of 6/1-hr r a t i o s  of m e w e d  m- s t a t i o n  
data (p lo t ted  a t  midpoints of a 2. l a t i t u d e - l o n g i d  g ~ d ) .  

establish the  
a va"i?ble set of 

t h a t  a r e  needed- 

r e l a t i o n  (see 

17 Bureau greates t  1951b) 3-hr and 

(1940-63) - The 3-hr 
amounts ranged from 1 t o  3 i n c  these  events. 

the  nos t  extreme short- duration st.m. Corps of Engineers 
1945- ). ~ h e s e  S t a t e s  and have 3-hr 

amounts of 5 to  22 inches (127 to  559 w). 
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I 
r a t i o s  than storms with high 311-hr r a t i o s .  The geographzcal d i s t r lbu t lon  
of 15-min t o  1-hr r h magnitudes of 
the  611-hr r a t i o s  and San Diego 
(high 611-hr .ratSos 

I whereas the  i5-min 
were general ly high 

I 
Depth-duration re n 1 hour w e r e  then smoothed 

t o  provide a family 
t o  6 hours, a s  sho 
curves t o  provide 

1 We bel ieve  w e  were j u s t i f i e d  i n  r ng t he  number of t h e  curves shown i n  
f igu re  4.3 f o r  dur  u r ,  l e t t i n g  one curve apply to a 

I range of 611-hr ra 
l e t t e r  des ignators  any 6-hr amount 
betwgen 115% and 1 c ia t ed  values 

I 
fo r  dura t ions  less esignated a s  "8". 

Table 4.4 lists dura t io  f o r  selected 
611-hr r a i n  r a t i o s  

I To determine 6-hr P r a b a s i n ,  u s e  f igu re  4.3 (or  t a b l e  4.4) and the  
geographical d i s t r  

I Table 4.4 .--Dm 
i n  percent of 1-hr PMP (see f igure  4.3) 

I 611-hr Dura t ion  (hr)  
r a t i o  114 1 /2  3/4 1 2 3 4 5 6 

I 1.1 86 93 97  100 107 109 110 110 110 

Ca.%M(-s 

I ~ - ~ - ~ - -  -33 
1.5 63 83 9 3  100 121 132 140 145 150 
1.6 43 70 87 100 124 138 147 154 160 
1.8 43 70 87 100 130 149 161' 1 7 1  180 

I 2.0 4 3 70 87 100 137 161 175 188 200 

I 4.5 Depth-Area Relation 

We have thus f a r  developed loca l -s torm P W  f o r  an a rea  of 1 m 1 2  (2.6 !a2). 
To apply PMP t o  a bas in ,  w e  need t o  determine how 1 - m i 2  (2.6-!a2) PMP should 
decrease with increasing a rea .  W e  have adopted depth-area r e l a t i o n s  based 

i 
I 

on r a i n f a l l s  i n  the  Southwest and from considerat ion of a model thunderstorm- 

I 
I 



DURATION IHRSl  

i 10 1000 

A R E A  

Figure 4.9.--Adopted depth-area reZations for ZocaZ-storm PMP. 





F i g u r e  4.10. --Idealized 
bca t - s to rm i s o h y e t a l  
pa t te rn .  

storm period. The sequence of hourly incremental  PMP f o r  the  Southwest 6-hr ! 

thunderstorm i n  accord w l t h  t h i s  s tudy is presented i n  column 2 of t a b l e  
4.7. A small v a r i a t i o n  C r m  t h i s  sequence is given in Engineering Manual 
1110-2-1411 (U. S. Army. Corps o f  Engineers 1965). The latter. l i s t e d  i n  
column 3 of t a b l e  4.7, p l a c e s  g r e a t e r  incremental amounts somewhat more 
toward t h e  end of t h e  6-hr s torm period.  I n  app l i ca t ion ,  the  choice of 
e i t h e r  of these  d i s t r i b u t i o n s  i s  l e f t  t o  the  user  s ince  one may prove t o  1 
be more critical i n  a s p e c i f i c  case  than the  o ther .  i 

I 
Table 4.7.--Time sequence f o r  hour ly  incremental PMP i n  6-hr s torm 

HKR No. 5 l  EM1110-2-1411 2 

Increment 

Largest hour ly  amount 
2nd l a r g e s t  
3rd l a r g e s t  
4 th  l a r g e s t  
5 th  l a r g e s t  
l e a s t  

4. S. Weather Bureau 1947. 
2U. S. Corps of Engineers 1952. 

Sequence Pos i t ion  

Third 
Fourth 
Second 
F i f t h  
F i r s t  
Las t  

Fourth 
Third 
F i f t h  
Second 
Last  
F i r s t  
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HEC-1 INPUT PAGE 1 

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

: FINAL 1/2 PMF RUN HPM.HC1 

:DIAGRAM 

ID Casandro Mash Detent ion Dam CH2H H i l l  August, 1994 
ID Copy of HEC-1 for  0100, changed p r e c i p i t a t i o n  
ID Revised dam loca t ion  and basin grading 

112 PMF Run - routed . 
I T  5 900 
10 3 * 
JR FLW .5 

KK SAC230 
KM SUB-BASIN SAC230 
KM 6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THlS BASIN 
131 THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
KM BASIN FRW UICKENBERG ADMS 
BA .720 
rN 15 
- "  
KU THE';OLLWING PI RECORD USES A 6-HWR STORM - HMR#5 DISTRIBUTION 
PI  0.075 0.075 0.075 0.075 0.125 0.125 0.125 0.125 0.4 0.4 
P I  0.4 0.4 8.4 1.7 0.7 0.7 0.2 0.2 0.2 0.2 
P I  0.075 0.075 0.075 0.075 
LG .I00 .250 5.200 .240 35.000 
UC .446 .367 
U A 0 5 16 30 65 77 84 90 94 97 

KK M D  
131 ADD SAC230 & SAC235 
HC 2 
t 

FlND TC & R FOR T H l S  
,985 

BASIN 

94 

- - ............... 
Page 2 of  22 
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HEC-1 INPUT PAGE 2 

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

36 KK R W T E  
37 KM ROUTE COMBINED HYDROGRAPH TO DAM LOCATION 
38 RS 1 FLOW - 1 
39 RE ,045 .03 .045 4200 ,0175 
40 RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
41 Y 16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

........ - .. 
KM SUB-BASIN cas240 
KM 6 - H W R  RAINFALL, PATTERN NO. 1.53 UAS USED TO F I N D  
KH T H l S  B A S I N  USED RAINFALL REDUCTION FACTOR OF .985 
KM S A S I N  M W l F l E D  FRDW UiCKENBERG ADMS TO REFLECT DAM 
BA .140 
LG .I00 .210 6.400 .140 21.000 
UC .258 .232 
UA 0 5 16 30 65 77 
:A 100 

TC 8 R FOR T H l S  B A S I N  

LOCAT ION 

52 KK D A U I N  
53 KM ADD ROUTED HYDROGRAPH TO CAS240 
54 KO 1 
55 

?C 
2 

56 KK DAMWT 
57 KM R o u t e  H y d r o g r a p h  T h r o u g h  Dam. 
58 KM 
59 RS 1 STOR 2 
60 KO 1 * 

L --- - -. -- - -- - -. - 
HP1I.MIl 2-2-95 2:13p Page 3 of 22 



SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L I N E  ( V )  ROUTING ( - - - > )  D I V E R S I O N  OR PUMP FLOW 

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

7 SAC230 

33 ADD ............ 
v 
v 

36 ROUTE 

4 2  CAS240 

52 DAMIN ............ 
v 
V 

56 DAMOUT 

("') RUNOFF ALSO COMPUTED AT T H I S  LOCATION 



nEC l  SIN: 0134301122  HMVers ian :  6.33 D a t a  F i l e :  hpn .hc l  

FLOOD HYDROGRAPH PACKAGE (HEC-1) : 
MAY 1991 

* VERSION 4.0.1E . * 
* 

* RUN DATE 02/02/1995 TlME 14:12:34 . " 

* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 6 0 9  SECOND STREET * DAVIS, CALIFORNIA 95616  * 

(916 )  756 -1104  * 
* 
* 

C a s a n d r o  U a s h  D e t e n t i o n  Dam CH2H H i l l  A u g u s t .  1 9 9 4  
Copy o f  HEC-1 f o r  QlOO, c h a n g e d  p r e ~ i p i t a t i o n  
R e v l s e d  dam l o c a t i o n  a n d  b a s i n  g r a d i n g  

5 1 0  OUTPUT CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
1 PLOT 0 PLOT CONTROL 
PSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMlN 

IDATE 
I T I M E  

NO 
NODATE 
NDTIME 
ICENT 

DATA 
5 

1 0  
0 0 0 0  

9 0 0  
4 0 

0 2 5 5  
19 

COMPUTATION INTERVAL 0.08 HWRS 
TOTAL T lME BASE 74.92 HWRS 

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

JP MULTI-PLAN OPTION 
NPLAN 1 NUMBER OF PLANS 

JR MULTI-RATIO OPTION 
RATIOS OF RUNOFF 

0.50 

SUB-BASIN SAC230 
6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FINO TC & R FOR TH IS  BASIN -- - .- . -- 

HM.M 2-2-95 2:13p ~ a g e  5 o f  22- 



-- -- .. 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FROH VICKENBERG AOMS 
THE FOLLWING PI  RECORD USES A 6-HWR STORM - HMRR OlSTRlBUTlON 

13 I N  TIME DATA FOR INPUT TIME SERIES 
JXMlN 15 TIME INTERVAL I N  MINUTES 

JXOATE 1 0 STARTING DATE 
~XTIME 0 STARTING TIHE 

SUBBASIN RUNOFF DATA 

12 BA SUBBASIN CHARACTERISTICS 
TAREA 0.72 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STORM 15.00 BASIN TOTAL PRECIPITATION 

15 P I  INCREMENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.02 
0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
0.04 0.04 0.04 0.04 0.13 0.13 0.13 0.13 0.13 0.13 
0.13 0.13 0.13 0.13 0.13 0.13 2.80 2.80 2.80 0.57 
0.57 0.57 0.23 0.23 0.23 0.23 0.23 0.23 0.07 0.07 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 
0.03 0.02 

19 LG GREEN AN0 AMPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.25 MOISTURE DEFICIT 
PSI F 5.20 VETTING FRONT SUCTION 

XKSAT 0.24 HYDRAULIC CONDUCTIVITY 
RTIMP 35.00 PERCENT IMPERVIWS AREA 

20 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.37 STORAGE COEFFICIENT 

21 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R= 0.37 HR 

SNYDER TP= 0.29 HR, CP= 0.48 

UNIT HYDROGRAPH 
26 END-OF-PERIOD ORDINATES 

83. 383. 684. 750. 692. 597. 487. 387. 308. 246. 
195. 156. 124. 99. 79. 62. 50. 40. 32. 25. 
20. 16. 13. 10. 8. 6. 

HYDROGRAPH AT STATION SAC230 
FOR PLAN 1, RATIO = 0.50 

TOTAL RAINFALL = 15.00, TOTAL LOSS = 1.64, TOTAL EXCESS = 13.36 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
6516. 3.50 (CFS) 1028. 258. 86. 83. 

(INCHES) 13.275 ---- 13.305 13.305 13.305 ---- -~ ~ 

HPII.WT 2-2-95 2:13p Page 6 of  22 



(AC-FT) 510. 511. 511. 511. 

CUMULATIVE AREA = 0.72 SQ M I  

*** **I *** *** *** 

HYDROGRAPH AT STATION SAC230 
FOR PLAN 1, RAT10 = 0.50 

PEAK FLOU TIME HAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
3258. 3.50 (CFS) 514. 129. 43. 41. 

(INCHES) 6.637 6.652 6.652 6.652 
(AC-FT) 255. 255. 255. 255. 

CUMULATIVE AREA = 0.72 S4 M I  

SUB-BASIN sac235 
6-HOUR RAINFALL, PATTERN NO. 1.53 WAS USED TO FIND TC 8 R FOR THlS BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FROM YICKENBERG ADMS 

SUBBASIN RUNOFF DATA 

28 BA SUBBASIN CHARACTERISTICS 
TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STDRM 15.00 BASIN TOTAL PRECIPITATION 

INCREMENTAL 
0.03 
0.03 
0.04 
0.13 
0.57 
0.07 
0.02 
0.03 

PRECIPITATION PATTERN 
0.03 0.02 0.03 
0.03 0.04 0.04 
0.04 0.04 0.04 
0.13 0.13 0.13 
0.57 0.23 0.23 
0.07 0.07 0.07 
0.03 0.02 0.02 
0.02 

29 LC GREEN AND AHPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

OTH 0.23 MOISTURE DEFICIT 
PSlF 6.20 UETTING FRONT SUCTION 

XKSAT 0.15 HYDRAULIC CONDUCTIVITY 
RTlMP 36.00 PERCENT IMPERVIWS AREA 

CLARK UNITGRAPH 
T C  0.45 TIME OF CONCENTRATION 

R 0.46 STORAGE COEFFICIENT 

ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
- 0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 - 94.0 97.0 

-- 

H P I I . M  2-2-95 2:13p Page 7 of 22 
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UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNIT HYDROGRAPH 
32 END-OF-PERIOD ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 172. 144. 
120. 100. 84. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 
3. 3. 

HYDROGRAPH AT STATION SAC235 
FOR PLAN 1, RATIO = 0.50 

TOTAL RAINFALL = 15.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 13.68 

PEAK FLW TIME llAY1M.M AVERAGE FLCU 
(CFS) (HR) 6-HR 24-HR R - H R  74.92-HR 
3076. 3.50 (CFS) 555. 139. 46. 45. 

(INCHES) 13.570 13.617 13.617 13.617 
(AC-FT) 275. 276. 276. 276. 

CUMULATIVE AREA = 0.38 SQ M l  

*** *** *** *.* tt. 

HYDROGRAPH AT STATION SAC235 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOU TIME MAXIMUM AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1538. 3.50 (CFS) 277. 70. 23. 22. 

(INCHES) 6.785 6.808 6.808 6.808 
(AC-FT) 138. 138. 138. 138. 

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

33 KK * ADD 2 . 
..**.********* 

ADD SAC230 & SAC235 

35 HC HYDROGRAPH COMBINATION 
1 CDMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION ADD 
. - -. . . FOR PLAN 1, R A T I O  = 0.50 -- -- 
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PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
4796. 3.50 (CFS) 791. 198. 66. 64. 

(INCHES) 6.688 6.706 6.706 6.706 
(AC-FT) 392. 393. 393. 393. 

*************. 
* t 

36 KK RWTE : 
*************. 

RWTE CCUBINED HYOROGRAPH TO DAM LOCATION 

HYOROGRAPH RWTING DATA 

38 RS STORAGE RWTING 
NSTPS 1 NUMBER OF SUBREACHES 

lTYP FLW TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X 0.00 YORKING R AND D COEFFIClENl 

39 RC NORMAL DEPTH CHANNEL 
ANL 0.045 LEFT OVERBANK N-VALUE 

ANCH 0.030 MAIN CHANNEL N-VALUE 
ANR 0.045 RIGHT OVERBANK N-VALUE 

RLNTH 4200. REACH LENGTH 
SEL 0.0175 ENERGY SLOPE 

ELWX 0.0 MAX. ELEV. FOR STORAGElWTFLOW CALCULATION 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  RIGHT OVERBANK - - -  

41 R Y  ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
40 RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

*** 

COMPUTED STORAGE-WTFLOU-ELEVATION DATA 

I STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
OUTFLOU 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLOU 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVAllON 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

**t *.. *** *** 

HYDROGRAPH AT STATION RWTE 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
4700. 3.50 (CFS) 791. 198. 66. 64. 

(INCHES) 6.682 6.706 6.706 6.706 
f A C - F T )  392. 393. 393. 393. . . . . .~ - . 

-- ~ 

- . - ~  - - 87 
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PEAK STORAGE TlME 
(AC-FT) 1 28. 

(HR) 
3.50 

PEAK STAGE TIME 
(FEET) (HR) 
15.47 3.50 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 

6. 2. 1. 1. 

CUMULATIVE AREA = 1.10 SQ HI 

SUB-BASIN cas240 
6-HOUR RAINFALL, PATTERN NO. 1.53 WAS USED TO FlhD TC 8 R FOR ThlS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN MODIFIED FRffl UICKEWBERG MMS TO REFLECT O M  LOCATION 

SUBBASIN RUNOFF DATA 

47 BA SUBBASIN CHARACTERISTICS 
TAREA 0.14 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STORM 15.00 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
P 

15 P I  
0.03 0.03 0.02 0.03 0.03 0.02 0.03 ' 0.03 0.02 0.02 
0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
0.04 0.04 0.04 0.04 0.13 0.13 0.13 0.13 0.13 0.13 
0.13 0.13 0.13 0.13 0.13 0.13 2.80 2.80 2.80 0.57 
0.57 0.57 0.23 0.23 0.23 0.23 0.23 0.23 0.07 0.07 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 
0.03 0.02 

GREEN AND Anpr 
STRTL 

DTH 
PSlF 

XKSAT 
RTIMP 

LOSS RATE 
0.10 
0.21 
6.40 
0.14 

21 .oo 

STARTING 1 OSS 

I 49 uc 

CLARK UNITGRAPH 
TC 0.26 TIME OF CONCENTRATION 

R 0.23 STORAGE COEFFICIENT 

I j0 

ACCUIULATED-AREA VS. TIME, 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

I UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.26 HR, R= 0.23 HR 

SNYDER TP= 0.19 HR, CP= 0.52 - - . - - - -- - - - - . 
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UNIT HYDROGRAPH 
16 END-OF-PERIM) ORDINATES 

63. 187. 231. 182. 128. 89. 62. 43. 30. 21. 
15. 10. 7. 5. 3. 2. 

HYDROGRAPH AT STATION CAS240 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOU TIME rwctnun AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1748. 3.33 (CFS) 201. 50. 17. 16. 

(INCHES) 13.372 13.387 13.387 13.387 
(AC-FT) 100. 100. 100. 100. 

HYDROGRAPH AT STATION CAS240 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOW TIME MAXIMA AVERAGE FLW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

874. 3.33 (CFS) 101. 25. 8. 8. 
(INCHES) 6.686 6.693 6.693 6.693 
(AC-FT) 50. 50. 50. 50. 

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

* 
52KK * DAMIN ' 

***********.** 
ADD RDUTED HYDROGRAPH TO CAS240 

54 KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
4SCAL 0. HYDROGRAPH PLOT SCALE 

I HYDROGRAPH CDnBlNATlON 
1 CDnP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION DAMIN 
SUM OF 2 HYDROGRAPHS 

PLAN 1, RATIO = 0.50 

I- - .. -- .. . 
* 12 
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--- -- .... - ~ I- H ~ ~ - s / N :  0 1 3 4 3 0 1 1 2 2  H M V e r s i o n :  6 . 3 3  D a t a  F i l e :  h w . h c l  1 
F L O W  HYDROGRAPH PACKAGE '( 

HAY 1 9 9 1  
VERSION 4.0.1E 

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

... ... ... ... ... ... F u l l  M i c r o c o n y l u t e r  l n p l e m e n t a t i o n  ::: ... ... ... ... bv ... ... ... ... H a e s t a d  M e t h o d s .  I n c .  

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

t D A V l S  CALIFORNIA 9 5 6 1 6  
* 

* 
(416) 7 5 6 - 1 1 0 4  * 

* 
* 

*****************f*t*t***t****~***~**"* 

37 B r o o k s i d e  R o a d  * U a t e r b u r y ,  C o n n e c t i c u t  0 6 7 0 8  ' ( 2 0 3 )  7 5 5 - 1 6 6 6  

T H I S  PROGRAA REPLACES A L L  P R E V l W S  VERSIONS OF HEC-1 KNOUN AS HECl  (JAN 73). HEClGS, HEClDB, AND HEClKU. 

THE D E F I N I T I O N S  OF VARIABLES -RTlMP- AND -RTIOR- HAVE CHANGED FROM THOSE USED U l T H  THE 19TJ-STYLE INPUT STRUCTURE. 
THE D E F I N I T I O N  OF -AMSKK- ON RM-CARD UAS CHANGED U l T H  REVISIONS DATED 28 SEP 81. THIS I S  THE FORTRAN77 VERSION 
NEW OPTIONS: DAMBREAK W T F L O U  SUEMERGENCE SINGLE EVENT DAMAGE CALCULATION, DSS:URITE STAGE FREQUENCY, 
DSS:READ TIME SERIES AT DESIRED CALCULATIO~ INTERVAL LOSS RATE:GREEN AND AMPT INFILTRATION 
KINEMATIC UAVE: NEW F I N I T E  DIFFERENCE ALGORITHM 

.... -- 
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- - - 
HEC-1 INPUT PAGE 1 

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

: FINAL 1/2 PMF RUN HPM.HC1 

:DIAGRAM 

ID Casandro Wash Detent ion Dam CH2M-HILL August, 1994 
ID copy of HEC-1 f o r  0100, changed p r e c l p l t a t i o n  
ID Revised dam Location and basin grading 
* 1/2 PMF Run - routed . 
I T  5 900 
10 3 " 
1R FLOU .5 

KK SAC230 
KM SUB-BASIN SAC230 
KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THlS BASIN 
KM THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
KM BASIN FRW UICKENBERG ADMS 
BA .720 
IN 15 
PB 15 
KM THE FOLLWING PI  RECORD USES A 6-HOUR STORM - HMRIK DISTRIBUTION 
PI  0.075 0.075 0.075 0.075 0.125 0.125 0.125 0.125 0.4 0.4 
P I  0.4 0.4 8.4 1.7 0.7 0.7 0.2 0.2 0.2 0.2 
P I  0.075 0.075 0.075 0.075 
LG .I00 .250 5.200 .240 35.000 
UC .446 .367 
U A 0 5 16 30 65 77 84 90 94 97 
!A roo 

KK SAC235 
KM SUB-BASIN sac235 
KM 6-HOUR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THlS BASIN 
KM THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
KM BASIN FRW UICKENBERG mns 
BA 3 8 0  
LC .I00 .230 6.200 .I50 36.000 
UC .450 .461 
UA 0 5 16 30 65 77 84 90 94 97 

KK ADO 
KM ADD SAC230 & SAC235 
HC 2 

- ~ 

~-~ -- ~ 
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I HEC-1 INPUT PAGE 2 

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

3 6  KK RWTE 
3 7  KM RWTE COMBINED HYDROGRAPH TO DAM LOCATION 
3 8  RS 1 FLOU - 1 
3 9  RC .045 .03 ,045 4200 ,0175 
4 0  RX 463.5 467.5 477.5 487.5 512.5 522.5 532.5 536.5 
4 1  !Y 16.5 12.5 12.5 10.0 10.0 12.5 12.5 16.5 

4 i  KM SUB-BASIN cas240 
44  KM 6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
45  KM THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
4 6  KM BASIN M w l F l E D  F R m  UICKENBERG ADMS TO REFLECT D M  LOCATION 

5 2  KK DAMIN 
5 3  M ADD RWTED HYOROGRAPH TO CAS240 
5 4  KO 1 
55 HC 2 

5 6  KK OAHWT 
5 7  Kt4 Route  Hydrograph Through Dam. 
5 8  KM 
59 RS 1 STOR 2 
6 0  KO 1 

.- -- 
HPM.RIT 2-2 -95  2:13p Page 3 of 2 2  
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SCHEMATIC DIAGRAM OF STREAM NETWORK 
INPUT 

L I N E  ( V )  RCUTING ( - - - > )  DIVERSION OR PUMP FLOW 

NO. (.) CONNECTOR ( C - - - )  RETURN OF DIVERTED OR PUMPED FLOW 

7 SAC230 

33 ADD ............ 
v 
v 

36 ROUTE 

("') RUNOFF ALSO CCUPUTED AT T H I S  LOCATION 

- - - - 
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-- 
HECl S/N: 0 1 3 4 3 0 1 1 2 2  H M V e r s i o n :  6.33 D a t a  F i t e :  h p n . h c 1  

* F L W O  HYDROGRAPH PACKAGE (HEC-1) z * MAY 1991 
* VERSION 4.0.1E . " 
* RUN DATE 0 2 / 0 2 / 1 9 9 5  T l M E  14:12:34 : " 
I* *******.*****t************tt**..."***** 

........................................ 
" * 
* U.S. ARMY CORPS OF ENGINEERS * 
* HYDROLOGIC ENGINEERING CENTER * 6 0 9  SECOND STREET 
* DAVIS, CALIFORNIA 9 5 6 1 6  
" 

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

C a s a n d r o  U a s h  D e t e n t i o n  Dam CH2M H i l l  A u g u s t ,  1 9 9 4  
C o p y  of HEC-1 for  R100, c h a n g e d  p r e c i p i t a t i o n  
R e v l s e d  d a m  l o c a t i o n  and b a s i n  g r a d i n g  

5 1 0  W T P U T  CONTROL VARIABLES 
IPRNT 3 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
RSCAL 0. HYDROGRAPH PLOT SCALE 

HYDROGRAPH TIME 
NMlN 

IDATE 
l T l M E  

NO 
NDDATE 
NDTIME 
ICENT 

DATA 
5 MINUTES I N  COMPUTATION INTERVAL 

1 0 STARTING DATE 
0 0 0 0  STARTING T lME 

9 0 0  NUMBER OF HYDROGRAPH ORDINATES 
4 0 ENDING DATE 

0 2 5 5  ENDING T l M E  
19 CENTURY MARK 

COMPUTATION INTERVAL 0 .08  HOURS 
TOTAL T l M E  BASE 74.92 HOURS 

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

JP MULTI-PLAN OPTION 
NPLAN 1 NUMBER OF PLANS 

JR MULTI -RATIO OPTION 
RATIOS OF RUNOFF 

0.50 

*** tt* tt* *** ttt .** t*. *** *** *** *** **. ft* *** *** *** *** *** *** *** *** *** *** *** tt* *** **1 *** *** *** *** *** *** 

SUB-BASIN SAC230 
-- - . .- -- 6 - H W R  RAINFALL, PATTERN NO. 1 . 5 3  UAS USED TO FIND TC & R FOR T H I S  B A S I N  . - A -- - . - -. --. . . - ... 
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-- - -- - - --. - -- 

THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FROM UICKENBERG ADMS 
THE FOLLOUING P I  RECORD USES A 6-HWR STORM - HMRW DISTRIBUTION 

TlME DATA FOR INPUT TlME SERIES 
JXHlN 15 TIME INTERVAL I N  MINUTES 

JXOATE 1 0 STARTING DATE 
JXTIME 0 STARTING TIME 

I SUBBASIN RUNOFF DATA 

SUBBASIN CHARACTERlSTICS 
TAREA 0.72 SUBBASIN AREA 

PRECIPITATION DATA 

STORM 15.00 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 
0.03 0.03 0.04 0.04 
0.04 0.04 0.04 0.04 
0.13 0.13 0.13 0.13 
0.57 0.57 0.23 0.23 
0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 
0.03 0.02 

19  LG GREEN AND AMP1 LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.25 HOISTURE DEFICIT 
PSIF 5.20 UETTING FRONT SUCTION 

XKSAT 0.24 HYDRAULIC CONDUCTIVITY 
RTlMP 35.00 PERCENT IUPERVIWS AREA 

20 UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.37 STORAGE COEFFICIENT 

UNlT HYDROGRAPH PARAMETERS 
CLARK TC- 0.45 HR, R= 0.37 HR 

SNYDER TP= 0.29 HR, CP= 0.48 

UNlT HYOROGRAPH 
26 END-OF-PERIOD ORDINATES 

83. 383. 684. 750. 692. 597. 487. 387. 308. 246. 
195. 156. 124. 99. 79. 62. 50. 40. 32. 25. 

20. 16. 13. 10. 8. 6. 

HYbROGRAPH AT STATION SAC230 
FOR PLAN 1, RATIO = 0.50 

TOTAL RAINFALL = 15.00, TOTAL LOSS = 1.64, TOTAL EXCESS = 13.36 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 

6516. 3.50 (CFS) 1028. 258. 86. 83. 
(INCHES) 13.275 13.305 13.305 13.305 

~~~ 
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(AC-FT) 510. 511. 511. 511. 

CUMULATIVE AREA = 0.72 SQ U I  

HYDROGRAPH AT STATION SAC230 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOW TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
3258. 3.50 (CFS) 514. 129. 43. 41. 

(INCHES) 6.637 6.652 6.652 6.652 
(AC-FT) 255. 255. 255. 255. 

SUB-BASIN sac235 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
THlS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN FRW UICKENBERG M)MS 

SUBBASIN RUNOFF DATA 

2 8  BA SUBBASIN CHARACTERISTICS 
v 

TAREA 0.38 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STORM 15.00 BASIN TOTAL PRECIPITATION 

INCREMENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 
0.03 0.03 0.04 0.04 
0.04 0.04 0.04 0.04 
0.13 0.13 0.13 0.13 
0.57 0.57 0.23 0.23 
0.07 0.07 0.07 0.07 

2 9  LG GREEN AND AMPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

DTH 0.23 MOISTURE DEFICIT 
PSlF 6.20 WETTING FRONT SUCTION 

XKSAT 0.15 HYDRAULIC CONDUCTIVITY 
RTlMP 36.00 PERCENT IMPERVIOUS AREA 

3 0  UC CLARK UNITGRAPH 
TC 0.45 TIME OF CONCENTRATION 

R 0.46 STORAGE COEFFICIENT 

3 1  UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 L _- _ - - - - . - -- - - -- 
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UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.45 HR, R= 0.46 HR 

SNYDER TP= 0.31 HR, CP= 0.44 

UNlT HYDROGRAPH 
32 END-OF-PERIOD ORDINATES 

35. 162. 298. 339. 324. 290. 248. 207. 172. 144. 
120. 100. 84. 70. 58. 48. 40. 34. 28. 23. 
20. 16. 14. 11. 9. 8. 7. 6. 5. 4. 
3. 3. 

HYDROGRAPH AT STATION SAC235 
FOR PLAN 1, RATIO = 0.50 

TOTAL RAINFALL = 15.00, TOTAL LOSS = 1.32, TOTAL EXCESS = 13.68 

PEAK FLOW TIME HAXIUIJU AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
3076. 3.50 (CFS) 555. 139. 46. 45. 

(INCHES) 13.570 13.617 13.617 13.617 
(AC-FT) 275. 276. 276. 276. 

CUMULATIVE AREA = 0.38 SQ M I  

HYDROGRAPH AT STATION SAC235 
FOR PLAN 1, R A T I O  = 0.50 

PEAK FLOW TIME MAXIMUM AVERAGE FLOW 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
1538. 3.50 (CFS) 277. 70. 23. 22. 

(INCHES) 6.785 6.808 6.808 6.808 
(AC-FT)  138. 138. 138. 138. 

CUMULATIVE AREA = 0.38 SQ M I  

..* .** *.* **+ tt* *** *** **. tt* *** *** *** *** *** *** *** *** "I. *** *** *** *** *** *** *** *** *** *** *** **L *** *** *** 

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

33 KK : ADD 

**..********** 
ADO SAC230 & SAC235 

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

HYDROGRAPH AT STATION ADO 
... - .. . - FOR PLAN 1, R A T I O  = 0.50 -- 
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PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
4796. 3.50 (CFS) 791. 198. 66. 64. 

(INCHES) 6.688 6.706 6.706 6.706 
(AC-FT) 392. 393. 393. 393. 

CUMULATIVE AREA = 1.10 SP MI 

I************. . t 

36 KK * RWTE : * 
************** 

RWTE CWBlNED HYDROGRAPH TO DAM LOCATION 

HYOROGRAPH ROUTING DATA 

38 RS STORAGE RWTING 
NSTPS 1 NUMBER OF SUBREACHES 

ITYP FLOU TYPE OF INITIAL CONDITION 
RSVRIC -1.00 INITIAL CONDITION 

X 0.00 VORKlNG R AND D COEFFICIENT 

39 RC NORMAL DEPTH CHANNEL 
ANL 0.045 LEFT OVERBANK N-VALUE 

ANCH 0.030 MAIN CHANNEL N-VALUE 
ANR 0.045 RIGHT OVERBANK N-VALUE ..~..~ 

RLNTH izoo. REACH LENGTH 
SEL 0.a175 ENERGY SLOPE 

ELMAX 0.0 MAX. ELEV. FOR STORAGEIWTFLOU CALCULATION 

CROSS-SECTION DATA 
- - -  LEFT OVERBANK - - -  + - - - - - -  MAIN CHANNEL - - - - - - -  + - - -  R IGHT OVERBANK - - -  

41 R Y  ELEVATION 16.50 12.50 12.50 10.00 10.00 12.50 12.50 16.50 
40 RX DISTANCE 463.50 467.50 477.50 487.50 512.50 522.50 532.50 536.50 

*** 

COMPUTED STORAGE-WTFLOW-ELEVATION DATA 

STORAGE 0.00 0.87 1.83 2.88 4.02 5.25 6.57 7.98 9.93 12.10 
WTFLOU 0.00 27.97 90.60 181.95 300.62 446.32 619.30 820.07 1082.86 1405.42 

ELEVATION 10.00 10.34 10.68 11.03 11.37 11.71 12.05 12.39 12.74 13.08 

STORAGE 14.29 16.51 18.75 21.01 23.29 25.60 27.93 30.28 32.65 35.05 
WTFLOU 1769.68 2172.41 2611.51 3085.39 3592.83 4132.80 4704.46 5307.08 5940.05 6602.82 

ELEVATION 13.42 13.76 14.11 14.45 14.79 15.13 15.47 15.82 16.16 16.50 

HYDROGRAPH AT STATION RWTE 
FOR PLAN 1, RATIO = 0.50 

PEAK FLOU TIME MAXIMUM AVERAGE FLOW 
( C F S )  (HR) 6-HR 24-HR 72-HR 74.92-HR 
4700. 3.50 (CFS) 791. 198. 66. 64. 

(INCHES) 6.682 6.706 6.706 6.706 

~~~ .... ~~. . ~ . .  (AC-FT) 392. 393. 393. 393. -- -- ~~ 
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PEAK STORAGE TIME 
(AC-FT) (HR) 

28. 3.50 

PEAK STAGE TIME 
(FEET) (HR) 
15.47 3.50 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 

6. 2. 1. 1. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

11.66 10.42 10.14 10.14 

CUMULATIVE AREA = 1.10 SO M I  

*** *** *** **. *** *** **. ... t*. *** *** *** t*.... *** *** *** *** ft* it* *** *** *** *** *** tt* ttt *.* *** *** *** t** *** 

SUB-BASIN cas240 
6-HWR RAINFALL, PATTERN NO. 1.53 UAS USED TO FIND TC & R FOR THIS BASIN 
THIS BASIN USED RAINFALL REDUCTION FACTOR OF .985 
BASIN MWlFlED FROM UICKENBERG ADMS TO REFLECT DAM LOCATION 

SUBBASIN RUNOFF DATA 

47 BA SUBBASIN CHARACTERISTICS 
TAREA 0.14 SUBBASIN AREA 

PRECIPITATION DATA 

15 PB STORM 15.00 BASIN TOTAL PRECIPITATION 

15 PI INCREMENTAL PRECIPITATION PATTERN 
0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.02 
0.03 0.03 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 
0.04 0.04 0.04 0.04 0.13 0.13 0.13 0.13 0.13 0.13 
0.13 0.13 0.13 0.13 0.13 0.13 2.80 2.80 2.80 0.57 
0.57 0.57 0.23 0.23 0.23 0.23 0.23 0.23 0.07 0.07 
0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 0.07 
0.02 0.03 0.02 0.02 0.03 0.02 0.02 0.03 0.02 0.02 
0.03 0.02 

48 LG GREEN AND AHPT LOSS RATE 
STRTL 0.10 STARTING LOSS 

OTH 0.21 MOISTURE DEFICIT 
PSlF 6.40 UETTING FRONT SUCTION 

XKSAT 0.14 HYDRAULIC CONDUCTIVITY 
RTlWP 21.00 PERCENT IMPERVIOUS AREA 

CLARK UNITGRAPH 
TC 0.26 TIME OF CONCENTRATION 

R 0.23 STORAGE COEFFICIENT 

50 UA ACCUMULATED-AREA VS. TIME, 11 ORDINATES 
0.0 5.0 16.0 30.0 65.0 77.0 84.0 90.0 94.0 97.0 

100.0 

*** 

1 UNIT HYDROGRAPH PARAMETERS 
CLARK TC= 0.26 HR, R= 0.23 HR 

SNYDER TP= 0.19 HR, -- CP- 0.52 -- 
HPM.OUT 2-2-95 2:13p Page 10 o f  22 
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TOTAL RAINFALL = 

PEAK FLOU TlME 
(CFS) (HR) 
1748. 3.33 

PEAK FLOU TlME 
(CFS) (HR) 

874. 3.33 

UNIT HYDROGRAPH 
16 END-OF-PER100 ORDINATES 

187. 231. 182. 128. 89. 62. 43. 30. 21. 
10. 7. 5. 3. 2. 

HYDROGRAPH AT STATION CAS240 
FOR PLAN 1, RAT10 = 0.50 

15.00, TOTAL LOSS = 1.55, TOTAL EXCESS = 13.45 

MAXIMUM AVERAGE FLOW 
6-HR 24-HR 72-HR 74.92-HR 

(CFS) 201. 50. 17. 16. 
(INCHES) 13.372 13.387 13.387 13.387 
(AC-FT) 100. 100. 100. 100. 

HYDROGRAPH AT STATION CAS240 
FOR PLAN I, RATIO = 0.50 

IUXIMUII AVERAGE FLOW 
6-HR 24-HR 72-HR 74.92-HR 

(CFS) 101. 25. 8. 8. 
(INCHES) 6.686 6.693 6.693 6.693 

(AC-FT) 50. 50. 50. 50. 

CUMULATlVE AREA = 0.14 SO MI 

**. *** *** *** *** **. *** *** *** *** *** *** *** *** *** *** *** *.t *** *** *** *** *.* ttt *** *** *** tl* *** *** *** *** *** 

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

52KK * DAMlN * * 
*.********.*** 

ADD ROUTED HYDROGRAPH TO CAS240 

54 KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
QSCAL 0. HYDROGRAPH PLOT SCALE 

55 HC HYDROGRAPH COMBINATION 
ICOMP 2 NUMBER OF HYDROGRAPHS TO COMBINE 

HYDROGRAPH AT STATION DAMlN 
SUM OF 2 HYDROGRAPHS 

PLAN 1, RATIO = 0.50 

.t+tlt..*~***t+...*~*~~*~.**"~*"**,**~*.~~*.~~**~"""****~"~"***************~~""""*"*~****~*****"***~*~"****~*~*~~~***~*~"~"*"*****. 

* * * 
~ . ~ ~ -  
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MON HRMN 

0000 
0005 
0010 
0015 
0020 
0025 
0030 
0035 
0040 
0045 
0050 
0055 
0100 
0105 
0110 
0115 
0120 
0125 
0130 
0135 
0140 
0145 
0150 
0155 
0200 
0205 
0210 
0215 
0220 
0225 
0230 
0235 
0240 
0245 
0250 
0255 
0300 
0305 
0310 
0315 
0320 
0325 
0330 
0335 
0340 
0345 
0350 
0355 
0400 
0405 
0410 
0415 
0420 
0425 
0430 
0435 
0440 
0445 
0450 
0455 
0500 
0505 
0510 
0515 -- 

FLOW OA MON HRMN OR0 FLOW FLOW * OA MON " HRMN OR0 FLOW 



0520 65 
0525 66 
0530 67 
0535 68 
0540 69 
0545 70 
0550 71 
0555 72 
0600 73 
0605 74 
0610 75 
0615 76 
0620 77 
0625 78 
0630 79 
0635 80 
0640 81 
0645 82 
0650 83 
0655 84 
0700 85 
0705 86 
0710 87 
0715 88 
ono 89 
OR5 90 
0730 91 
0735 92 
0740 93 
0745 94 
0750 95 
0755 96 
0800 97 
0805 98 
0810 99 
0815 100 
0820 101 
0825 102 
0830 103 
0835 104 
0840 105 
0845 106 
0850 107 
0855 108 
0900 109 
0905 110 
0910 111 
0915 112 
0920 113 
0925 114 
0930 115 
0935 116 
0940 117 
0945 118 
0950 119 
0955 120 
1000 121 
1005 122 
1010 123 
1015 124 
1020 125 
1025 126 
1030 127 
1035 128 
1040 129 
1045 130 -. 

-- 

740 
74 1 
742 
743 
744 
745 
746 
747 
748 
749 
75 0 
75 1 
752 
753 
754 
755 
756 
757 
758 
759 
760 
76 1 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 
775 
776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 
790 
791 
792 
793 
794 
795 
796 
797 
798 
799 
800 
801 
802 
803 
804 
805 
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806 
807 
808 
809 
810 
81 1 
812 
813 
814 
815 
816 
817 
818 
819 
820 
821 
822 
823 
824 
825 
826 
827 
828 
829 
830 
83 1 
832 
833 
834 
835 
836 
837 
838 
839 
840 
841 
842 
843 
844 
845 
846 
847 
848 
849 
850 
85 1 
852 
853 
854 
855 
856 
857 
858 
859 
860 
861 
862 
863 
864 
865 
866 
867 
868 
869 
870 
871 -. 
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PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
5398. 3.50 (CFS) 891. 224. 75. 72. 

(INCHES) 6.681 6.705 6.705 6.705 
(At-FT) 442. 443. 443. 443. 

CUMULATIVE AREA = 1.24 SO MI 

**. *** *** *** *** *** ttt **. it* ... *** *** tt* t** *** *** *** tt* *** *** *** .** *** *** *** *** *** **L .** *** tl* *** I*. I 
**.*******.*** 
* * 

56 KK DAMCUT : 
*********.**** 

Route Hydrograph Through Dam. 

60 KO WTPUT CONTROL VARIABLES 
IPRNT 1 PRINT CONTROL 
IPLOT 0 PLOT CONTROL 
PSCAL 0. HYOROGRAPH PLOT SCALE 

I HYDROGRAPH ROUTING DATA 



61 SA AREA 2.0 2.5 5.8 6.8 9.1 10.2 11.0 11.3 11.6 11.9 
12.1 12.3 12.8 13.3 13.8 

63 SE ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 
2159.00 2160.00 2161.00 2162.00 2163.00 

65 SQ DISCHARGE 0. 10. 14. 19. 23. 29. 31. 295. 823. 1539. 
2423. 3450. 4577. 5773. 7015. 

*.* 

COMPUTED STORAGE-ELEVATION DATA 

STORAGE 0.00 4.53 16.62 41.74 89.06 117.93 139.09 150.24 161.71 173.46 
ELEVATION 2135.00 2137.00 2140.00 2144.00 2150.00 2153.00 2155.00 2156.00 2157.00 2158.00 

STORAGE 185.44 197.64 210.20 223.26 236.82 
ELEVATION 2159.00 2160.00 2161.00 2162.00 2163.00 

*~t.**tt***ll*t.***~"~*"**~*"********t*t*..*t**t*****f****tt**~*t******"**"***~"*****~~"~~"*~~~~*"*~~~"~~~*"~~~.*"~~***~~**~ttt**** 

HYDROGRAPH AT STATION DAMWT 
PLAN 1, RATIO = 0.50 

************ttt*~*****t*t*t**************"*."*****.*"*******~~**************~*"~***.~*~~~**"~"~*..~.~*"**.*.**~*~*.***~***~~*.*,*** 

t 

DA MON HRMN ORD WTFLOU STORAGE STAGE * OA MON HRMN OR0 WTFLOU STORAGE STAGE : DA MON HRMN ORD WTFLOU STORAGE STAGE * 
52.7 2145.4 
52.6 2145.4 
52.4 2145.4 
52.3 2145.3 
52.2 2145.3 
52.0 2145.3 
51.9 2145.3 
51.7 2145.3 
51.6 2145.3 
51.5 2145.2 
51.3 2145.2 
51.2 2145.2 
51.1 2145.2 
50.9 2145.2 
50.8 2145.1 
50.6 2145.1 
50.5 2145.1 
50.4 2145.1 
50.2 2145.1 
50.1 2145.1 
50.0 2145.0 
49.8 2145.0 
49.7 2145.0 
49.5 2145.0 
49.4 2145.0 
49.3 2145.0 
49.1 2144.9 
49.0 2144.9 
48.9 2144.9 
48.7 2144.9 
48.6 2144.9 
48.5 2144.9 
48.3 2144.8 
48.2 2144.8 
48.1 2144.8 
47.9 2144.8 
47.8 2144.8 
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0405 338 
0410 339 
0415 340 
0420 341 
0425 342 
0430 343 
0435 344 
0440 345 
0445 346 
0450 347 
0455 348 
0500 349 
0505 350 
0510 351 
0515 352 
0520 353 
0525 354 
0530 355 
0535 356 
0540 357 
0545 358 
0550 359 
0555 360 
0600 361 
0605 362 
0610 363 
0615 364 
0620 365 
0625 366 
0630 367 
0635 368 
0640 369 
0645 370 
0650 371 
0655 372 
0700 373 
0705 374 
0710 375 
0715 376 
ono 377 
0725 378 
0730 379 
0735 380 
0740 381 
0745 382 
0750 383 
0755 384 
0800 385 
0805 386 
0810 387 
0815 388 
0820 389 
0825 390 
0830 391 
0835 392 
0840 393 
0845 394 
0850 395 
0855 396 
0900 397 
0905 398 
0910 399 
0915 400 
0920 401 
0925 402 
0930 403 

0505 638 
0510 639 
0515 640 
0520 641 
0525 642 
0530 643 
0535 644 
0540 645 
0545 646 
0550 647 
0555 648 
0600 649 
0605 650 
0610 651 
0615 652 
0620 653 
0625 654 
0630 655 
0635 656 
0640 657 
0645 658 
0650 659 
0655 660 
0700 661 
0705 662 
0710 663 
0715 664 
ono 665 
OR5 666 
0730 667 
0735 668 
0740 669 
0745 670 
0750 671 
0755 672 
0800 673 
0805 674 
0810 675 
0815 676 
0820 677 
0825 678 
0830 679 
0835 680 
0840 681 
0845 682 
0850 683 
0855 684 
0900 685 
0905 686 
0910 687 
0915 688 
0920 689 
0925 690 
0930 691 
0935 692 
0940 693 
0945 694 
0950 695 
0955 696 
1000 697 
1005 698 
1010 699 
1015 700 
1020 701 
1025 702 
1030 703 - ~~ 

~ ~ .~ . ~~ .- - -  - . ~~ J. 
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38.9 2143.6 
38.8 2143.5 
38.7 2143.5 
38.6 2143.5 
38.4 2143.5 
38.3 2143.5 
38.2 2143.4 
38.0 2143.4 
37.9 2143.4 
37.8 2143.4 
37.7 2143.4 
37.5 2143.3 
37.4 2143.3 
37.3 2143.3 
37.2 2143.3 
37.0 2143.3 
36.9 2143.2 
36.8 2143.2 
36.7 2143.2 
36.5 2143.2 
36.4 2143.2 
36.3 2143.1 
36.2 2143.1 
36.1 2143.1 
35.9 2143.1 
35.8 2143.1 
35.7 2143.0 
35.6 2143.0 
35.4 2143.0 
35.3 2143.0 
35.2 2143.0 
35.1 2142.9 
35.0 2142.9 
34.8 2142.9 
34.7 2142.9 
34.6 2142.9 
34.5 2142.8 
34.4 2142.8 
34.2 2142.8 
34.1 2142.8 
34.0 2142.8 
33.9 2142.7 
33.8 2142.7 
33.6 2142.7 
33.5 2142.7 
33.4 2142.7 
33.3 2142.7 
33.2 2142.6 
33.0 2142.6 
32.9 2142.6 
32.8 2142.6 
32.7 2142.6 
32.6 2142.5 
32.5 2142.5 
32.3 2142.5 
32.2 2142.5 
32.1 2142.5 
32.0 2142.4 
31.9 2142.4 
31.8 2142.4 
31.6 2142.4 
31.5 2142.4 
31.4 2142.4 
31.3 2142.3 
31.2 2142.3 
31.1 2142.3 -- 
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. - -- 
30.9 2142.3 
30.8 2142.3 
30.7 2142.2 
30.6 2142.2 
30.5 2142.2 
30.4 2142.2 
30.3 2142.2 
30.1 2142.2 
30.0 2142.1 
29.9 2142.1 
29.8 2142.1 
29.7 2142.1 
29.6 2142.1 
29.5 2142.0 
29.4 2142.0 
29.2 2142.0 
29.1 2142.0 
29.0 2142.0 
28.9 2142.0 
28.8 2141.9 
28.7 2141.9 
28.6 2141.9 
28.5 2141.9 
28.3 2141.9 
28.2 2141.8 
28.1 2141.8 
28.0 2141.8 
27.9 2141.8 
27.8 2141.8 
27.7 2141.8 
27.6 2141.7 
27.5 2141.7 
27.4 2141.7 
27.2 2141.7 
27.1 2141.7 
27.0 2141.7 
26.9 2141.6 
26.8 2141.6 
26.7 2141.6 
26.6 2141.6 
26.5 2141.6 
26.4 2141.6 
26.3 2141.5 
26.2 2141.5 
26.1 2141.5 
25.9 2141.5 
25.8 2141.5 
25.7 2141.5 
25.6 2141.4 
25.5 2141.4 
25.4 2141.4 
25.3 2141.4 
25.2 2141.4 
25.1 2141.3 
25.0 2141.3 
24.9 2141.3 
24.8 2141.3 
24.7 2141.3 
24.6 2141.3 
24.5 2141.2 
24.4 2141.2 
24.3 2141.2 
24.1 2141.2 
24.0 2141.2 
23.9 2141.2 
23.8 2141.1 - 
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PEAK FLOU TIME MAXIMUM AVERAGE FLOU 
(CFS) (HR) 6-HR 24-HR 72-HR 74.92-HR 
3708. 3.83 (CFS) 622. 176. 72. 69. 

(INCHES) 4.663 5.281 6.444 6.472 
(At-FT) 308. 349. 426. 428. 

PEAK STORAGE TlME 
(At-FT) (HR) 

201. 3.83 

PEAK STAGE TlME 
(FEET) (HR) 

2160.23 3.83 

MAXIMUM AVERAGE STORAGE 
6-HR 24-HR 72-HR 74.92-HR 
151. 123. 76. 73. 

MAXIMUM AVERAGE STAGE 
6-HR 24-HR 72-HR 74.92-HR 

2156.05 2153.36 2147.89 2147.47 

CUMULATIVE AREA = 1.24 SO HI 



PEAK FLOU AND STAGE (END-OF-PERIOD) SUMMARY FOR MULTIPLE PLAN-RATIO ECONOMIC COMPUTATIONS 
FLOUS I N  CUBIC FEET PER SECOND, AREA I N  SQUARE M I L E S  

T lME TO PEAK I N  HOURS 

RATIOS APPLIED TO FLOUS 
OPERAT ION STATION AREA PLAN RATIO 1 

0.50 

HYDROGRAPH AT SAC230 0 . 7 2  1 FLOW 3 2 5 8 .  
TIME 3 .50  

HYDROGRAPH AT SAC235 0.38 1 FLOU 1 5 3 8 .  
TIME 3 .50  

2 COMBINED AT ADD 1 . 1 0  1 FLOU 4796.  
T IME 3 .50  

ROUTED TO R W T E  1.10 1 FLDU 4 7 0 0 .  
TIME 3 .50  

** PEAK STAGES I N  FEET ** 
1 STAGE 15.47 

T IME 3.50 

HYDROGRAPH AT CAS240 0.14 1 FLOW 874.  
TIME 3 .33  

2 COMBINED AT DAMIN 1.24 1 FLOU 5 3 9 8 .  
T IME 3 .50  

ROUTED TO DAMWT 1 . 2 4  1 FLOW 3 7 0 8 .  
T IME 3.83 

** PEAK STAGES I N  FEET ** 
1 STAGE 2160.23 

TIME 3.83 

'** NORMAL END OF HEC-1 '** 
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I 
:2 SIN: 1916530021 HHVersian:  6.50 D a t a  F i  Le: Spi l l e p s . h c 2  

~ E C - 2  U A ~ R  SURFACE PROFILES • 
\ 

4.6.2; May 1 9 9 1  . - 
1. ( ~-\..-\ * 

I RUN DATE ' J ~ A U G ~ ,  TIME i17:08:ih.\ 
.. .r**+...*t..*+iur.+rr***.****&*e******* 

~ . 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER . 
6 0 9  SECOND STREET, SUITE D . 
DAVIS, CALIFORNIA 95616.4687 * . ( 916 )  756 -1104  . ..... **t..t*.....*ttttt*t*...*.tt,.*"*~ 

X X mxxx XXXXX XXXXX 

X X X  X X X X 

X X X  X X 

XXXYXXX XrXX X xxxxx xxxxx 
X X X  X X 

X X X  X X X 

X X XXXXXXX XXXXX xxxxxxx 

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

... .-. 0 . -  ... ... ... FULL MICRO-COPIPUTER IHPLEPIEWTATION ::: 

... . - - ... ... .............................................. .............................................. .............................................. .............................................. 

......................... 
H A E S T A D  M E T H O D S  
.......................... 

37 Brookside Road ' Waterbury ,  C o m t i c u t  0 6 7 0 8  * (203) 7 5 5 - 1 6 6 6  



I 
~ul Date:  l lAUG94 R u n  T i m :  17:08:44 HMVersion: 6.50 D a t a  F i l e :  spiLLeps.hc2 

THIS RUN EXECUTED l lAUG94 17:08:44 
r**.r.+.*+*+r.*.+++.*t.t.*ttt*ttt*., - 
EC-2 WATER SURFACE PROFILES 

:rsim 4,6.2; may lwl 

C- P R W I L E  - CH2N H I L L  6 / 9 4  

REVISED ELL lPT l tAL  SPILLWAY 

C ICHECK I" 

NINV I D I R  STRT METRIC HVlNS 0 USEL Fa 

2 1 - 1  2158  

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBY  CHNlU ITRACE 



I 
~m oste: llAUG94 Run Time: 17:08:44 ~nversion: 6.50 Oata FiLe: spilleps.hc2 Page 2 

SECNO DEPTH NSEL 

I ,I, OLOB OCH 

VLOB VCH 

SLOPE XLOBL XLCH 

CCW- 0.100 CEHV= 0.300 

I 'SECWO l.m - -- 
20 CRITIML DEPTH ASSUMED 

1 .OOO 4.04 2159.04 
3700.0 0.0 3700.0 I 0.00 0.00 11.46 

0.002063 0. 0. 

CRIUS 
OROB 
VROB 
XL-QER 

USELK EG HV HL OLOSS L-BANK ELEV 

ALOB ACH AROB VOL TUA R-BANK ELEV 
XNL XNCH XNR UTN ELMIN SSTA 

ITRIAL I D C  I C O N 1  CORAR TOPYlO ENOST 

301 HV CHANGED MORE THAN HVINS 

. .. 

I 3302 UARNING: CONVEYANCE CHANGE OUTSIDE 

2.000 2.24 2153.94 2155.74 
3700.0 0.0 3700.0 0.0 I 0.00 0.00 20.67 0.00 

0.013933 10. 10. 10. 

OF ACCEPTABLE RANGE, KRATIO = 2.60 

I ECHO 3.000 
. . 
3301 HV CHANGEO MORE THAN HVINS 

3.000 1.83 2150.23 2152.44 0.00 2160.07 9.83 0.19 0.32 2156.90 

I ECHO 4.000 . . 
5301 HV CHANGED MORE THAN HVINS 

1 4.000 1.61 2146.71 2149.13 0.00 2159.45 12.74 0.32 0.29 2153.60 
3700.0 0.0 3700.0 0.0 0.0 129.2 0.0 0.1 0.1 2153.60 2 .  6 1 .A 

I - 0.00 0.00 28.64 0.00 0.000 0.014 0.000 0.000 2145.10 0.00 
0.040520 10. 10. 10. 16 17 0 0.00 80.00 80.00 

L 



I ~ u n  Date: l lAUG94 R m  T i m :  17:08:44 H w e r s i m :  6.50 D a t a  F i le :  spilleps.hc2 

SEW0 DEPTH CYSEL CRlUS USELK EG HV HL OLOSS L-BANK ELEV 

L Q 

 LOB PCH QROB ALOE ACH AR08 VOL TUA R-BANK ELEV 

TlUE VLOB VCH VROB XNL XNCH XNR UT W E W I Y  SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IOC ICONT CORAR TOPWID ENOST 

I 
ECNO 5.000 

1 31 HV CHANGE0 MORE THAW HVlWS 

I 0 1  HV CHANGED MORE THAW HVlNS 

ECNO 8.000 

E 0 1  HV CHNJGED M E  THAN HVlWS 

Page 3 



I ~ r n  Date: llAUG94 R u n  Tim: 17:08:44 HWersion: 6.50 Data F i le :  spil leps.hc2 Page 4 

SECNO DEPTH CUSEL CRlW WELK EG HV HL OLOSS L-BANK ELEV 

I :1ME 
QLOB OCH PROB ALOE ACH AROB VOL TUA R-BANK ELEV 
VLOB VCH VROB XNL XNCH XNR UTN ELMlW SSTA 

SLOPE XLOBL XLCH XLQIR ITRIAL IDC ICON1 CORAR TOPUID ENDST 

P 01 HV CHANGED MORE THAN HVIllS 

9.000 1.16 2129.76 2132.64 0.00 2154.32 24.56 1.11 0.20 2137.10 

1 ECNO 10.000 

301 HV CHANCED MORE THAN HVINS 

10.000 1.12 2126.42 2129.34 0.00 2152.87 26.45 1.27 0.19 2133.80 
3700.0 0.0 3700.0 0.0 0.0 89.6 0.0 0.3 0.2 2133.80 I 0.00 0.00 41.27 0.00 0.000 0.014 0.000 0.000 2125.30 0.00 

0.134771 10. 10. 10. 17 20 0 0.00 80.00 80.00 



I Run Date: llAUG94 Run Time: 17:08:44 HMVersim: 6.50 D a t a  F i l e :  s p i l l e p . h c 2  Page 5 

THIS RUN EXECUTED 11AUG94 17:08:44 
,.* ................................... 

C-2 WATER SURFACE PROFILES 

srsion 4.6.2; May 1991 

I--- 
AT LEFT OF CROSS-SECTION NLMBER IWOIUTES MESSAGE I N  SWMRY OF ERRORS LIST - 

h,VISEO ELLIPTICAL SPILL 

L RY PRINTOUT TABLE 150 

ELTRD ELLC ELWIW a NSEL CRIWS EG 10'~s VCH AREA -011: 



Run Oate: llAUG94 Run T ime:  17:08:44 HMVersion: 6.50 Data Fi le: sp i l lep.hc2 

I 
..-VISE0 ELLIPTICAL SPILL 

1' ~ R Y  PRINTCUT TABLE 150 

I SECNO a CUSEL DIFUSP OIFUSX OIFKUS TOPUIO 

1.04 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

0.00 80.00 

XLCH 

0.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

10.00 

Page 6 



I Run Date: llAUG94 Run Time: 17:08:44 HMVersion: 6.50 Data File: spillepo.hc2 

I V W R Y  OF ERRORS AND SPECIAL NOTES , 

1 UTlON SECNO- 1.000 PROFILE= 1 CRITICAL DEPTH ASSWED 

I RNING SECNOE 2.000 PROFILE= 1 CWMYAYCE CHANGE OUTSIDE ACCEPTABLE RANGE 

Page 7 
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I 
S E C T I O N  2 S E C T I O N  3 S E C T I O N  4 

OF THE STILLING BASIN RXI HIGH DAM SHORT STILLING BASINS FOR STILLING BASIN OESIGN 

APRONS AN0 EARTH M M  SPILLWPIYS AN0 AN0 WAVE SUPRESSORS FOR 

(BASIN 1) LARGE CANAL STRUCTURES 
CANAL SMALL OUTLET 

a N A L  STRUCTURES OUTLET WORKS, w m s  ANO S M ~ L  SPILLWAYS 
(BASIN 11) (BASIN $111 ANO OIVERSI~N (BASIN t v )  O A Y S  

ho basin knq<h om 33 h p  QO* Ienpth nduc rd  o m  60 
wmmt "ith bids and dentote4 F n t  with Chute D m * .  W f l *  P-. For use with jumm of F w d *  number 2.5 
end rill. Md d d  rod ,;I#. to  4.5 -r*n uluolv -r m comt 

1 01 F m d .  -be- ir For u w  m hiqh spll lw~ys, l o w  swl Fw us, on m o l l  s ~ l l r ~  wll.1 r d s .  structums ond d w e r t i a  dorns. 174% 
a in ~Iuliq IMC. strvctures, rtr k+ Frmde numbs- dl mna l  .*&urn -M= v, O.. "01 h s i n  r educn  e x c e s i r  .ores created 

II.III.IV.V.~~~ VI. above 4,s.' exseed .Y)-60 feat pr slmnd ond F r d *  i n  i m w r t u t  j u r n p ~  
MT WOWIII~~I a10 use o l t emte  s b n  Ollor, ass* or o n d m  ~ a r l n  -ore VI 

- MI" AN0 EN0  S l U S  

WATER SURRCE AND 
WAVE SUPPRESSORS 

PRESSURE PROFILES 
WATER SURFACE AN0 
PRESSURE PROFILES 

.m.Lv.rm~ M "om* SUMMARY OF STILLING BASIN CHARACTERISTICS 
~UMP FORMS S E C T I O N S  I T H R O U G H  4 I 



Table 3. Riprap gradation classes. 

-, 
Riprap 
Class Rock Size1 Rock Size2 

( f t )  (Ibs) Smaller Than 
/ 

Facing 

Light 

,---- 
1/4 ton. 

1/2 ton --2OOO----'- 
1000 
500 

/ 1 Assuming a specific gravity of 2.65. 
2 Based on AASHTO gradations. 

Gradation of the riprap being placed is controlled by visual inspection. To aid 
the inspector's judgment, two or more samples of riprap of the specified gradation 
should be prepared by sorting, weighing, and remixing in proper proportions. Each 
sample should weigh about 5 to 10 tons. One sample should be placed at  the quarry 
and one sample a t  the construction site. The sample a t  the construction site could be 
part of the finished riprap blanket. These samples should be uscd as a frequent 
reference for judging the gradation of the riprap supplied. 

An alternate gradation inspection procedure is to collect field samples of this 
riprap. Field samples should be collected at  regular intervals; each sample should be 
evaluated to determine in place gradation. 

4.3 LAYER THICKNESS 

. All stonu should be contained reasonably well within the riprap layer thickness 
to provide maximum resistance against erosion. Oversize stones. even in isolated spots. 
may cause riprap failure by precluding mutual support between individual stones, 
providing large voids that expose filter and bedding materials, and creating excessive 



S U B J E C T - Q ~ ~ , ~ ~ ~ L ~ - ~ ~  ------- wAL&h--- OATS J]Z.&~ 
m I x E m , d ~ ~ b * ~ ~ L & i h +   NO.---^^- -I_- Lzmm 
I _IxlcrkI? - - - - - - - - -- - - PROJECT NO.LM.~AT~~I 

-- ---- 

- - --- - 





1. Purpose. Eydraulic Design C k r t  712-1 c a  be used as a guide 
for the selection of rock sizes for riprzp for channel bottom +nd sicte 
slopes damstream from st- basins and for rock sizes fo r  r iver  clo- 
sures- Becommeuded stone gradation for s t i l l i ng  basin riprap is given . 
in pazagraph 6. 

2. Eacls&round- In -5 Wilfted A2& shoved that the capacity of a 
dream t o  move naterial  along its bed by sli&ing is  c. %netion of the  sixth 
power of the velocity of' the veter-I  Hem Law applied t h i s  concept t o  the 
overhrning of a cube,2 and in 1896 Hook e?E i l lustmted i ts  application to 
spheres. k 1932 and 1936 Isbash published c eir'icients for  the s tab i l i ty  
of romded stones dropped in f l o w  water. 3*e 9 aesi- curves giveu jn 
Chul: 712-1 hzve been camputea using Aity's law ul the  eqerimeutal coef- 
ficients for rounded s t h e s  published by Isbash. 

3. Theory. According t o  Isbash the basic equation f o r  the mov-t 
of stone b fluxing water can be written as: 

where 

v = velocity, i'ps 

C = a coefficient 

g = eccelera'iion of gravity, +t/sec 2 

3 7s = specific n e w t  of stone, ib/ft 
3 7 = specific w e i g h t  of water, lb/ft w 

D = stone diameter, ft - 
The dierneter of a s p h d c a l  stone in terms of its weight W is 

Substibiting fo r  D in  equation 1 results in 

712-1 
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-. [ is ; rj]l'ik+ v - c  2g 
. w  nTS 

4. merimeutal R=sults. -mimental &&+a on stone movement iu , 

n o r i n g  ~ t e r  fl~m the ear=n~;) w p c  o r  uu3uae5 io the -c rcfent 
BomeviUe EYdmulic L+aoratory tes t s  bve  beerr a h m  to c d T m  Am's 
lzv end I sFsh ' s  tikbllity codficicntf.7 The pnblished exDerimenlal htd 
&re .g&rally dcfbed in tenns of hottom veiocltles. Euwff~r,, 30mc sre in 
terins of average flow velccliles ail scmc s rc  not rpeaifi&.. . The Isbssh 
coefflclents -are Ilum f csto i;if?l ecsentially no b o ~ ~ ~ d a r y  layer d e v c l ~ u 1 t  
ma thc average flov velmities u e  representrtive oi +he vclocitr ng&inst 
stone. u%en &&e stone Icovena~t'rcsultcd by sliding, a coef:'icient of 0.66 
vas obAaLurJ.. When riovcmc~t 5 . c  eis'ected by roUing or o v w w ,  a co 
efficient of 1.20 r e d t d .  Wemive u. S. >,n E @ n c u  W a t v y s  a- 
perinen+. Station labor%tory t ea lhg  for the accign of r i m  below still- 
ing bas- hilicatcs that  thc c o e f f i c i d  of 0.86 sMdld be ud with the 
rv&cgc flow velocitg over the end sill for s i z iw  stilling b c c b  ri-mp 
bwP-nse of the excessively hi& burbulercc lcve XI the f l o w .  For mmact- 8 ' i.ype s t j l l i i i g  basirw, th-c -ecru of Rechmltim Ms adopted r'ripao ae- 
sign curve based an field and laboratory Cxperiacc and on a study by 
W s  and Laushey.9 The ~ t u . 6  curve specifies rock =eighing: 16> ~ b / f i ~  
aud i s  v a y  close t o  thc Icbzsh curve for s i d l z  r& us% a stability 
co&icieat of 0.8%. 

5 -  AflXcation. 'l%c -8s g i v e  in Chan 7l2-1 izpplicablc 
t o  3p-c stme v e i g ~ i s  or L$> U, 205 lb/fi3. TIW. w c  of the avemga 
flnv vel.ocity i s  b e b l e  .fa ccmsmmtiw dorLgo. 'Phe solid-line curves 
u e  reculmnenad for M i n g  basin 19l-n-a~ design E+ 0 t h ~  liiC;h-levd kr- 
bulcnce conditinnr. The dasneci m e  src rec=mdod far r3ver clo- ,, 
~nwrs a d  smil81' low-lev tl turbulacc condiiionc . R i p r a p  bank awl ' b 4  
moteclicm in natural a d  &ififid flood-cmz~ol cBuuiLs should. bc de- 
aigred in accordance with r e f e r e e  10. - 

6. st- - 
a. Size. l 3 1 ~  WX, stonc might and t b ~  T)50 stone aiametu - 

for cct?blir* r i ~ ~  size for  st- basha wn be ob- 
h i n d  using cham 7l2-1 in  the -or indicated by the 
neavy r u ; r o r ~  tkercom. fie effd. .oQ specific we1gLtL of the 
rocb on the requiral size i s  im5lai.d by the vertical 
spread of the solid line curves. 

b. - GrPantion. !fhe follnving size csl t r r ia  should serve as 
~r ideUues  :.or stllli~g Lasin ri>mp gradation. 

(1) The lover 1Smit. of W p  stons shuu13 nut bc iccc than 
the welgti. or stme i l t t d c d  ucing the appropriate 
"3tilling Bxcizic" c m e  *n CSarc 712-1. 



, 
(2) The ugper UPlt af Ji50 stone should not exceed the 

weight that can be obthed ecmamicalb from &&e quarry 
or the size tkt will satisfy layer thickness require- 
ments as specified in paragrqh 6c. 

(3) The lower limit of TJla stone should not be .less than -. 
tr?o tines the lower limit of U50 stone. ' 

(4) m e  upper Limit of Wlw szone should not be more then 
five times the lwer limli of W5o stone, nor exceed the 
sine tbat can be obta+ned econ&cd& f m m  the quarry, 
nor eyeeed the s ize  that w i l l  satisfy layer thickness 
requirements ss specFfied in p-aph 6c. 

( 5 )  The lcwer limit of stone should not be l e s s  than one- 
sixteenth the vpper limit of V ~ O O  stone- 

(6) The upper llmit of wpj  stone && be less than the q- 
per limit of V50 stone as required t o  satisfy cr i te r ia  
for  p d e d  stone filters s p e s i e d  in EM U10-2-191. 

(7) The bulk volume of stone lighter than W W15 stone 
should not exceed the volume of voids ip the revetment 
without this l ignter  stone. 

(8) Vo to  W 2  stone may be-used i n s b d  of W15 stone i n  cri- 
teria (5 7 , (6) ,  2nd (7) if desirable t o  bet ter  ut-e 
nvzilable stane sizes. 

c .  Tbichess. The t3 idnes s  of the r i p ~ p  protection shoald be - 
2Ds or 1-5900 - , wbi&ever results in the  greater 
thiclmess . 

d. &tent. Rim _~rote&on should ex-tend &mnstream t o  where - 
nonerosive channel velocities are  esA&lished aad should be 
placed mfficim high on the  a s c e n t  bank t o  provide pra- 
tection from wave wash during ~igxhmn discharge. The re- 
quired ripra? thickuess is determinedby substituting values 
for these relations in equation 2. 

7-  References. 

(1) Shellord, W., "On rivers f laring into  tideless seas, iUustrated by 
the river Tiber.D Proceediogs, Ins t i tu te  of Civil Eugineers, vol 82 
(1885). 

(2) Eooker, E- H., "The suspension of soli6s in f l d 5  water. " Trans- 
ecticns, American Society of C i v i l  m e e r s ,  vol 36 (l896), pp 23% 
3bo- 

(3)  Isbash, S. V., Construction of Dams by -knpin~  Stones in Flaring 
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(8) U. S. Bureau of Reclmation, St- Bas in  Performance; An A i d  in 
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EARTHWORK SUMMARY CALCULATIONS 

-. 

CUT VOLUMES F I L L  VOLUMES 
BANK MEASURE TOTAL = 104.900 CU. YDS. BANK MEASURE TOTAL = 85.209 CU. YOS. 

SWELL FACTOR = 1.0 ZONE 2 MATERIAL -2.900 CU. YDS. 
TOTnL CUT (LOOSE) = 104.900 CU. YDS. BANK MEASURE TOTAL = 82.309 CU. YOS. 

SHRINKAGE FACTOR = 1.15 
TOTAL FILL tLOOSE) = 94.655 CU. YDS. 

TOTAL CUT : 104.900 CU. YDS. 
TOTAL FILL = -94.655 CU. YDS. 

WASTE = 10,245 CU. YOS. 

204 EXCAVATION FOR DAM & DETENTION BASIN PERIMETER SLOPES 

DAM FOUNDATION EXCAVATlON = 36.903 CU. YDS. 
DAM EMBANKMENT EXCAVATION : 3.351 CU. YDS. 

TOTAL = 40,254 CU. YOS. 
USE 40.800 CU. YDS. IN 810 

210 BORROW EXCAVATION 

BANK MEASURE TOTAL : 64.646 CU. YDS. 
USE 65.100 CU. YOS. IN BID 

211-1 F I L L  CONSTRUCTION 



CH2M HILL 
EARTHWORK VOLUME CALCULATIONS 
PROJ DESCRIPTION: CASANDRO WASH DAM & DETENTION BASIN 
PROJ #: SWW35441 .CV - ' 

VOLUMES FOR DAM FOUNDATION EXC & REPLACEMENT 
(FROM EXST GROUND TO FOUNDATION PAY LIMIT) 

DIFFERENCE, FT 
I "OLUML CY I 

Page 1 of 1 



CH2M HILL 
EARTHWORK VOLUME CALCULATIONS 
PROJ DESCRIPTION: CASANDRO WASH DETENTION BASIN 
PROJ #: SWW35441 .CV 

PREPARED BY: W PAlU PHX 

EARTHWORK QUANTITIES FOR DAM EMBANKMENT ONLY 
CUT VOLUMES FILL VOLUMES FILL VOLUMES 

DIFFERENCE, FT CY 

South 
~ 4 0 0 1  

- 
North 
E I z l  

DIFFERENCE, FT 

CUT-FILL.XLS Page 1 of 2 2 / 1 / 9 5  3 : 1 9  PM 



CH2M HILL 
EARTHWORK VOLUME CALCULATIONS 
PROJ DESCRIPTION: CASANDRO WASH DETENTION BASIN 
PROJ #: SWW35441.CV 

PREPARED BY: W PAlU PHX 

EARTHWORK QUANTITIES FOR DAM EMBANKMENT ONLY 
CUT VOLUMES FILL VOLUMES FILL VOLUMES 

STATION I DIFFERENCE, FTI AREA, SF I I CY I 
BEGIN SPILLWAY 

I ~ n n  I I r;sn 1 

STATION I DIFFERENCE, FTI AREA, SF I I CY I 
BEGIN SPILLWAY m 1-1 

, , <  , . , .  

1 1  
END SPILLWAY 
T] 
7 1  
7 1  I I X l  

1-1 
1 4 0 0 1  
r Ar;n I Em 

CUT-FILL.XLS Page 2 of 2 2 / 1 / 9 5  3 :  



CH2M HILL 
EARTHWORK VOLUME CALCULATIONS 
PROJ DESCRIPTION: CASANDRO WASH DETENTION BASIN 
PROJ #: SWW35441 .CV 

PREPARED BY: W PAlU PHX 

EARTHWORK QUANTITIES FOR DETENTION BASIN AREA ONLY 
CUT VOLUMES FILL VOLUMES FILL VOLUMES 

DIFFERENCE, FT 
I vOLUMk CY I 

WEST 
1 1 0 0 1  

-1 
7 1  
-1 
7 1  
7 1  
7 1  
1 4 5 0 1  

r-xq 
7 1  

-1 

DIFFERENCE, FT 1 vOLwMk' CY I 

CF2 .  XLS Page 1 of 2  2 / 1 / 9 5  3 : 1 9  PM 



CHZM HILL 
EARTHWORK VOLUME CALCULATIONS 
PROJ DESCRIPTION: CASANDRO WASH DETENTION BASIN 
PROJ # SWW35441 .CV 

PREPARED BY: W PAlU PHX 

EARTHWORK QUANTITIES FOR DETENTION BASIN AREA ONLY 
CUT VOLUMES FILL VOLUMES FILL VOLUMES 

- 
- BANK M E A ~  
- m 

STATION DIFFERENCE, FT 

CF2. XLS Page 2 of 2 2/1/95 3:19 PM 

,:. -, . . 
CY 

;:* '-50 
.., 1 393 r----mq -1 

1 . 1  1245.1 
18001 -1 

ad#*. '$ 

01 

1-1 n -1 
7 1  

pzqijii] L r x T l  
I n l - 1-1 

AREA, SF 
VOLUMt, 



- 
DAM C l T  APPD FILLS 

C l r  FILL 

STA DlST AREA VOLUME AREA VOLIlME 

FT S Q f l  CII YD SQ 17 CLI YD 

0 0 480 

100 0.00 4870.37 

100 0 2150 

75 0.00 7652.78 

175 0 3360 

0 0.00 0.00 

175 0 2420 

85 0 00 7429 63 

260 0 2300 

0 0 00 0.00 

260 0 3440 

40 0 00 4548 I5 

300 0 2700 

100 0 00 8351.85 

400 0 1810 

100 0.00 4648.15 

500 0 700 
& _  

100 333.33 1759.26 

600 180 250 

100 740.74 1111.11 

700 220 350 

100 407.41 1944.44 



RESERVOIR C I T  AND FILLS 

C l T  FILL 

STA DlST AREA VOLUME AREA VOLIlME 

~r sy Fr CII Y D  SQ FT ctr YD 

0 -. 108.5 2520 

100 4391.67 5429.62963 

100 2263 412 

100 10394.44 1837.037037 

200 3350 580 

100 12962.96 1148.148148 

300 3650 40 

100 11101.85 601.8518519 

400 2345 285 

100 9083.33 870.3703704 

500 2560 185 

100 8629.63 861.1111111 

600 2100 280 

100 3972.22 1000 
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M E M O R A N D U M  

TO: Bob Monison Sr./RDD 

COPIES: Steve Walker/PHX 
?om WolWHX 

FROM: John LivingstodF'HX 

DATE: January 9, 1995 

SUBJECT: Final Geotechnical Recommendations 
Casandro Wash Spillway and Stilling Basin 

PROJECT: SWW35441.GT.30 

The spillway for the Casandro Wash Dam will consist of an 80 feet wide opening in the 
center of the &tll dam. The height of the opening is approximately 8.5 feet below the 
crest of the dam. Vertical walls will form the sides of the opening. An ogee crest will be 
constructed at approximately the centerline of the dam. Retaining walls approximately 11 
feet high will form the sides of the chute. A stilling basin approximately 6 feet deep below 
the downstream channel invert will be constructed at the downstream toe of the dam. 
Dragons teeth concrete chute blocks will slow the water down and cause a hydraulic jump 
under the design flows. A concrete slab will form the floor of the chute and stilling basin. 

Spillway Entrance Walls and Footings 
At the crest of the dam beneath the ogee crest a cutoff wall should be constructed under the 
concrete slab extending to a depth of 5 feet below the base of the slab. Laterally, the cutoff 
wall should extend 8 feet beyond the outside of the chute walls into the embankment fill. 
To the extent possible this wall and all footings in the spillway entrance area should be 
poured neat against compacted embankment material. All wall footings should be sized for 
a vertical dead load pressure not to exceed 1500 psf with a one third increase allowed for 
short term loading caused by wind or seismic forces. Where footings will be close to the 
upstream face of the dam the footings should be buried sufficiently deep to allow their zone 
of influence to be entirely within the embankment and not closer to the upstream face than 
4 feet. This will allow for some erosion and still provide for adequate embedment. The 
footing influence zone is a line at 1 horizontal to 1 vertical downward and outward from the 
base of the footings. 

Entrance walls allowed to rotate should be designed for an active earth pressure of 60 pcf 
per foot of depth. These walls will have compacted embankment backfill with no drainage 
system. Water will seep behind the walls when the spillway is operating. The water will 
seep out as the reservoir drains. No large unbalanced water pressures are anticipated. 

Chute Walls 
Drainage will be provided under the chute floor slab with an 8-inch thick granular material. 
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-. 
This drainage layer will wrap around the wall footing and up the chute walls about 2 feet 
and will prevent hydrostatic pressure from occurring in the chute wall backfill. .The chute 
walls should also be designed for an eaah pressure of 60 psf per foot of depth. The 
drainage system for the chute slab will tie into the chimney drain near the top of the chute. 
Other outlet pipes will be provided near the main construction joints. 

Stilling Basin Walls 
In the stilling basin the retaining walls may be designed for a passive resistance of 175 pcf 
per foot of depth. The soil backfill behind the walls may become nearly saturated when the 
stilling basin is operating at maximum flow but the soil should drain as the water in the 
stilling basin drains. With no water in the stilling basin the lateral earth pressure is 
anticipated to be 60 psf per foot of depth. Backtill soil unit weight is approximately 115 
pcf. 

An underdrain system is planned for the floor of the stilling basin which will remove uplift 
pressure on the floor slab. No weep holes will be required in the floor slab. Water will 
exit the underdrain system through pipes that p&netrate the stilling basin walls. 

Sliding resistance can be computed by multiplying the footing pressure by a friction 
coefficient of 0.4. 



CH2M KILL PBX. 

M E M O R A N D U M  -HILL 

TO: Stevc Walker 
-, Bob Momson 

FROM: John Livingston 

DATE: January 12, 1995 

SUBJECT Casandro Wash Dam Stilling Basin Uplift Analysis 

PROJECT: SWW35441.PS 

I have performed an uplift analysis for the stilling basin and spillway chute for Casandro 
Wash Dam. This memo presents the analysis and recommendations for drainage. 

Stilling Basin Analysis and Recommendations 
Water will occupy the stilling basin fiom direct precipitation, flow &om the outlet pipe, 
and flow over the spillway. The flow from direct precipitation and from the outlet pipe 
will be relatively calm flows and no hyctraulic jump is anticipated. The warn will simpIy 
fill up the stilling basin and go over the downstream lip of the stilling basin into the 
natural stream channel. The stilling basin will gradually drain tluough the low level 
gravity outlet at the bottom of the sn'lling b a s 9  

When the spillway operates at the design flow of 0.5 PMF a hydrauIic jump will occur in 
the stilling basin. Thc hydraulic jump wiU ajqxar as a series of waves M c h  rise up to a 
maximum watm depth of approximately 10.6 feet based on the hydraulic calculations. I 
understand that no rip rap will be provided so significant erosion will cxcw when the 
flows arc high enough to cany off the sandy soil. A concrete cutoff 4 has been 
provided to prevent scour from undermining the stilling basin. As the spillway opnatts 
water will tend to seep into the ground downstnam of the stilling basin. Swpage will 
move under the cutoff wall and may reach the underside of the stiliing basin floor. ?his 
condition will take one or mote days to develop if the ground is dry but if the outlet has 
been flowing for a couple of days then the ground will already be partially saturated and 
the seepage pressures will develop much quicker. 

The magnitude of the seepage or uplift pressure could equal the maximum water surface 
in the hydraulic jump which was taken to be Elevation 2134.6. With the floor of the 
stilling basin at Elevation 2122.5 the maximam uplift prcsfllrc is mimated to be 755 psf. 
This form will be resisted by the weight of the concrete and ovalying water in the stilling 
basin. 

The calculated pressure distributions under the stilling basin are shown on the attached 
two figures. For the specific water surface and hydraulic jump shape shown the factors of 
safety against uplift were plotted. With no drainage, the factor of safety was 0.4 in one - 
area of the basin and safety factors below one were calculated for quite large areas. It 
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would take up to approximately 3 additional feet of concrete added to the floor to resist 
the undraincd uplift pressures. The cost for the added concrm is on the order of $20- 
30,000. This is much higher than for an underdrain system and themfore an evaluation 
was made of the uplift pressures with an underdrain system 

I The attached figures show the general layout for relieving pressures under the stilling 
basin and part way up the spillway chute. A 12-inch thick layer of granular film material 
similar to the chiminey drain material would be placed under the horizontal portion of the 

I stilling basin and up to Elevation 2134 on the spillway chute. Several slotted PVC pipes 
would be placed in the &-aim matuial to convey the seepage water to an outlet located in 
the chute wall at the invert Elevation 2126.0 This drain pipe would have no valves and 

I would only require a screen to prevent rodents from eating and nesting in the pipe. When 
the spillway operates the pipe would not have any flow until the hydraulic pressure under 
the slab was equal to Elevation 2126. Baed on the attached figures the minimum factor 

I of safety would be 1.3 with the underdrain system normally operating. Should the system 
deteriorate due to contamination of the filter rnatcrial with silt then the safety fact01 could 
drop to 0.8 over a small arca of the basin, however this possiblilty is quite low and any 

I 
silt that entcrs the underdrain will likely flush out when the seepage wam is discharged. 
this is an appropirate system for the low frcquency that the spillway will be used. 

Spillway Chute Analysis and Recommendations 
The soil undeilying the spillway chute will be embankment material which is a silty sandy 
soil. The spillway will have a 3:l.slope. The concrete slab wiU have joints with 
waterstop material so that seepagelbrough the joints will not occur- The only way 
seepage could get undw the slab is if cracks ocnn and warn seeps into the underlying 
cmbankmcnt. This condition is vay undesirable because the wata could migrate along 
the soil-concrete interface and build up hydrostatic pressure which could cause the slab to 
crack or be lifted up. The 12-inch slab can only resist 2.4 feet of water pressure before it 
is lifted, therefore it is very important that the seepage prcssurt be minimized under the 
chute slab. 

An 8-inch thick granular film drain will be provided under the chute slab. This zone will 
convey seepage water to outlet pipes extending through the chute walls The outlets will 
be positioned sufficiently high on the walls to prevent backflow of the wata in the chute. 
The drainage layer will also save an important function of providing a smfacc on which 
to place the rebar and oonmte. The sandy embankment soil would be scvcrely dismrbed 
and hard to walk on without a granular drainage layer. The drainage layer will also save 
as a Wtcr to prevent silt particles from being sucked up through cmcks in the slab. This 
would occur if negative pressures developed at vutical offsets in the slab and soil 
particles were sufficiently small to be canied up through the cracks. 
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SUMMARY OF CONSTRUCTION COST OPINION 

PROJECT: CASANDRO WASH DAM 
APPROX. EXTENTED~ 

I TOTAL 1,075,584 



 ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

ITEM NO. 107 
NPDES Permits 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 

Page I 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

Clearing and Grubbing 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 

Page 2 

TOTAL ITEM NO. 201 I $13,489 1 
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 ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ 1 PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF i PHX 
PROJ.NO.:SWW 35441 .PS 

OVERHEAD & PROFIT 
BONDS & INSURANCE 

Page 3 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 

ITEM NO. 204-1 
Excavation for Dam 
1. Dam Foundation, wlscraper & dozer 
2. Dam Embankment, Stilling Basin, wlscarper & dozer 
3. Excavate for Riprap at toe of Stilling Basin, wl dozer 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 

Page 4 



 ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF / PHX : 

Page 5 

Borrow Excavation 
1. Basin Excavation used for Borrow 

Remaining Excavation of Basin not used for Borrow: 
2a. Required excavation, fill & compaction at basin 
2b. Excavate & waste, Assume onsite spread of excess 

OVERHEAD & PROFIT 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 2 10 

$2,770 
$0 
$0 

$141,246 



[ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

Page 6 

# DESCRIPTION 

ITEM NO. 21 1-1 
F~l l  Construct~on ( Zone 1 Material) 
1 Replace excavated volume from Dam Foundat~on 

2 Dam Embankment volume (less Zone 2 Matl) 

SUBTOTAL ITEM NO. 21 1-1 
MARK-UPS, 

OVERHEAD 8 PROFIT 5% 
BONDS 8 INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 21 1 - 1 

QUANTITY 

42,400 

43,100 

$213,750 

$1 0,688 
$4,489 

$0 
$0 

$228,926 

UNIT 

cy 

CY 

UNITCOST 

$ 2 50 

$ 2 50 

TOTAL 

$106,000 

$107,750 



]ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX '. 
PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

OVERHEAD 8 PROFIT 
BONDS & INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 

TOTAL ITEM NO. 21 1-2 
I 

Page 7 



)ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 

1 1 1 m . l i - u B ~  

Page 8 

TOTAL 

$8,775 

$8,775 

$439 
$184 
$0 
$0 

$9,398 

X 

SUBTOTAL ITEM NO. 21 1-3 
MARK-UPS: 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 21 1-3 

QUANTITY 

15 

DESCRIPTION 

ITEM NO. 21 1-3 
Finish Grading 
1 Finish Grading 

UNIT 

AC 

UNIT COST 

$ 585 00 
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)ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

Page 9 

1. Riprap placed at toe of stilling basin, 24" dia 

OVERHEAD & PROFIT 
BONDS & INSURANCE 



I )ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ 1 PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

OVERHEAD 8 PROFIT 
BONDS & INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 

Page 10 



)ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

Page 11 

TOTAL 

$3,825 
$1,763 

$5,588 

$279 
$1 17 

$0 
$0 

$5,984 

SUBTOTAL ITEM N0.310 
MARK-UPS: 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 310 

UNIT 

c'i 
s'f 

QUANTITY 

300 
3,525 

# UNITCOST 

$ 12.75 
$ 0.50 

DESCRIPTION 

ITEM NO. 310 
Aggregate Base Course (4 - inch) 
1. Material Cost 
2. Placement Cost 
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)ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 

Remove & Abondon Sewer: 
1 .  Remove & Salvage Manhole Rims & Covers 
2a. Remove Top 5 ft of Manhole 
2b. Plug inlets &outlets 
2c. Backfill Manhole to finish grade 
3. Remove Manhole completely 
4. Cap end of abandon VCP 

Remove 1 0  VCP completely: 
5a. Trench excavation, 7 ft deep average 
5b. Remove 10" VCP 

5c. Backfill with concrete slurry 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 

Page 12 



 ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 
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QUANTITY 

8 
6 

UNIT 

EA 
EA 

# 

SUBTOTAL ITEM NO405 
MARK-UPS. 

OVERHEAD 8 PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 405 

DESCRIPTION 

ITEM NO. 405 
Survey Monuments (MAG 120-2, Type B) 
1 Survey monuments, Type A 
2. Survey monuments, Type B 

$2,800 

$140 
$59 
$0 
$0 

$2,999 

UNITCOST 

$ 200 00 
$ 200 00 

TOTAL 

$1,600 
$1,200 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ / PHX 

PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 
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PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 
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# DESCRIPTION 

ITEM NO. 421 
Wire Fence ( CStrands ) 
1. Wire Fence 
2. Gate 13 ft wide 
3 Pedestrian I Equestrian Access 

SUBTOTAL ITEM NO421 
MARK-UPS: 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 421 

QUANTITY 

3,325 
1 
1 

$17,625 

$881 
$370 

$0 
$0 

$18,816 

UNIT 

LF 
EA 
EA 

UNIT COST 

$ 5.00 
$ 500.00 
$ 500 00 

TOTAL 

$16,625 
$500 
$500 



(ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF 1 PHX 
PROJ.NO.:SWW 35441.PS 

Landscaping Planting 
1. Seed Mix Type A 
2. Seed Mix Type B 

OVERHEAD & PROFIT 
BONDS & INSURANCE 

Page 16 
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(ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

ITEM NO. 505-1 
Concrete Spillway and Stilling Basin 
I. cut-on wall - 12" thk 
2. Cut-off wall - 18" thk 
3. Slab on grade, top of spillway, no slope - 12" thk 
4. OGEE Crest 
5. Slab on grade, spillway slope - 12" thk 
6. Slab Const~ction Corbels 
7. Slab on grade, stilling basin, no slope- 18" thk 
8. Slab on grade, stilling basin, wlslope - 18 thk 
9. Diffuser Blocks, Chutes 
10. Diffuser Blocks, Floor 
11. Walls, top of spillway - 12 thk 
12. Cut-off wall, cntr top of spillway - 12" thk 
13. Walls, placed on slope of spillway - 12" thk 
14. Walls in stilling basin - 12" t hk 
15. Walls in stilling basin - 1 6  t hk 

BONDS & INSURANCE 

Page 17 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

ITEM NO. 505-2 
lnlet I Outlet Structures for Outlet Pipe 
1. Outlet Structure: 
a. Slab on grade, 1 2  thk 
b. Walls, 1 2  thk 
c. MassConc 
2. lnlet Structure: 
a. Metal grating and misc steel 
b. Slab on grade, 1 2  thk 
c. Walls, 8" thk 
d. MassConc 
e. SS Slide Gate 

BONDS & INSURANCE 
CONTINGENCY 

Page 18 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 

OVERHEAD & PROFIT 
BONDS &INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 
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PROJECT: CASANDRO WASH DAM 

90% DESIGN -CONSTRUCTION COST ESTIMATE 
ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 
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# DESCRlPflON 

ITEM NO. 515 
Sedimentation Markers 
1. 4 dia steel pipe x 9 ft 
2. F~ll  with concrete 
3. Paint markings 
4. Placement in concrete base 

SUBTOTAL ITEM NOS 15 
MARK-UPS: 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 515 

QUANTITY 

2 
2 
2 
2 

$350 

$18 
$7 
$0 
$0 

$375 

UNIT 

EA 
En 
EA 
EA 

UNITCOST 

$ 100.00 
$ 25 00 
$ 25 00 
$ 25.00 

TOTAL 

$200 
$50 
$50 
$50 



)ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ 1 PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

Sanitary Sewer (12-inch DIP) 
la .  12" DIP, Material 
Ib .  1 2  DIP, Placement in trench 
2. Corrosion Protection, poly wrap pipe 
3. Trench Excavation 
4. Trench Backfill, native material 
5. Trench Backfill, concrete slurry 

OVERHEAD & PROFIT 
BONDS & INSURANCE 2% $1,239 
CONTINGENCY 0% $0 
ESCALATION @ 3% per year 0% $0 

TOTAL ITEM NO 615 $63,174 
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 ESTIMATE SUMMARY 1 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441.PS 

ITEM NO. 618-1 
Reinforced Concrete Pipe (36-inch) 
l a .  36" RCP , Material 
I b. Placement of 3 6  RCP in trench 
2. Trench Excavation 

MARK-UPS: 
OVERHEAD & PROFIT 5% $794 
BONDS & INSURANCE 2% 5333 
CONTINGENCY 0% 50 
ESCALATION @ 3% per year 0% $0 

TOTAL ITEM NO. 618-1 $17,003 
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!ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN -CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
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-a 

ITEM NO. 618-2 
PVC Drain Pipe (&inch) 
la.  8 PVC, material 
I b. 8 PVC, placement 
2. 8 PVC - 45 deg elbow, material & labor 

4. Outlet and Riser 
5. Trench excavation 

SUBTOTAL ITEM N0.618-2 
MARK-UPS: 

OVERHEAD & PROFIT 5% 
BONDS & INSURANCE 2% 
CONTINGENCY 0% 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 618-2 

$8,962 

$448 
$1 88 

$0 
$0 

$9,598 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF / PHX 
PROJ.NO.:SWW 35441.PS 

BONDS & INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 0% 

TOTAL ITEM NO. 62 1 
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IESTIMATE SUMMARY I I. 

PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ I PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF I PHX 
PROJ.NO.:SWW 35441 .PS 

OVERHEAD & PROFIT 
BONDS &INSURANCE 
CONTINGENCY 
ESCALATION @ 3% per year 
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PROJECT: CASANDRO WASH DAM ESTIMATOR: W PAIZ 1 PHX 

90% DESIGN - CONSTRUCTION COST ESTIMATE PROJ. MANAGER: TOM WOLF 1 PHX 
PROJ.NO.:SWW 35441.PS 
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[ESTIMATE SUMMARY I 
PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF I P H ~  
PROJ.NO.:SWW ,35441 .PS 

ITEM NO. 635-1 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 



PROJECT: CASANDRO WASH DAM 

90% DESIGN - CONSTRUCTION COST ESTIMATE 

ESTIMATOR: W PAIZ I PHX 

PROJ. MANAGER: TOM WOLF 1 PHX 
PROJ.NO.:SWW 35441 .PS I. 

ITEM NO. 635-2 

I b. Placement, 12" PVC 
2a. 12" PVC Slotted, material 
2b. Placement, 12" PVC slotted 
3a. 12" PVC -90 deg elbow, material 
3b. Placement, 12" PVC - 90 deg elbow 
7. Concrete block pipe supports 
8. Trench Excavation 
9. Backfill, Zone 2 

OVERHEAD & PROFIT 
BONDS & INSURANCE 
CONTINGENCY 
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M E E T I N G  N O T E S  ~ H I U  

DATE: May 2, 1994 

PROJECT: -, SWW35441.MC.10 

SUBJECT: Casandro Wash Detention Dam 
Value Engineering and Review Board Meeting 

MEETING DATE: April 12, 1994 (8:30 a.m. to 4: 15 p.m.) 

LOCATION: F i e  Station Meeting Room, Wickenburg, Arizona 

ATTENDEES: See Attached List 

REVIEW BOARD 
MEMBERS: Peter Binney, Larry Roth, Roger Lindquist 

AGENDA: Attached 

HANDOUTS: Attached 

PREPARED BY: Roger Lindquist 

Summary 

The purpose of the meeting was to present the work accomplished to date on the Casandro 
Wash Detention Dam for information and review by the dam review board and client 
representatives. The project hydrology and geology were presented, followed by a brief site 
visit and observation of test pits. After the site visit, the project was broken down into the 
major elements and the opinion of conceptual level construction cost for dach element 
presented. Just before lunch, a brainstorming session was held to develop ideas for 
improving the conceptual design and reducing the cost. Following lunch, the meeting 
focused on evaluating the ideas, eliminating the less acceptable ones, and developing the 
ideas to be presented to the design team for further review. 

Decisions 

The following decisions were made at the conclusion of the meeting: 

I .  The Design Flood--% PMF (5400 cfs), with 3 feet of freeboard; full PMF 
(10,900 cfs) without overtopping the dam, with just a few inches of 
freeboard. 



MEETING NOTES 
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2. Storage--Provide approximately 157 ac-ft of flood storage to contain-the 100- 
year flood below the spillway crest, less the flow released from the orifice, 
plus 2 ac-ft for sediment storage. 

3. Upstream Development--Assume the upstream drainage area is fully 
developed to the present zoning regulations 

4. Sediment Accumulation--Assume sediment is removed every 5 years with an 
5-year accumulation of average sediment yield (5 years at average 0.4 ac 
ft/yr). This storage of 2 ac-ft will be below the lip of the outlet orifice. 

5. Reservoir Level at Start of Flood--Assume the reservoir is empty at the start 
of the flood. 

6. Dam Crest Elevation-Assume the dam crest will be between elevation 2161 
and 2163 because of abutment topography constraints. Consauct wide flat 
dike across the right abutment to fill in the low spot (only about 2 or 3 feet 
high). Leave house in place, and bumess the area around the house. 
Excavate the trash and loose soil from the slope around the house. 
Remolded embankment permeability is about 1 x lo4 cmlsec, and foundation 
permeability is about 1 x cdsec.  Angle of friction is about 38 to 40 
degrees. Settlement of foundation and embankment are expected to be small. 

7. Dam Section--Even though the reservoir will normally be emptied quickly 
after every storm (assumed completely empty within seven days), assume 
there is a remote chance that the reservoir will remain full long enough for 
steady state seepage to develop. So, leave the chimney draii in as shown, 
and extend it in a trench so it is a few feet below foundation excavation. 
Assume the dam is a homogenous dam with a chimney drain; no core will be 
included. No special slope erosion protection will be provided, similar to 
Sunset Dam. 

8. Outlet--Assum an outlet will be provided with an orifice that limits the 
discharge to 20 cfs (with water surface about 3 feet below the spillway 
crest). Also provide the outlet with a gate that will allow up to 340 cfs 
(capacity of downstream drainage facility). Gate will be operated by a stem 
up the sloping face of the dam Provide a trash rack around both the orifice 
and gate. Outlet pipe will be 36-inches in diameter. The stilling basin for 
the outlet pipe will be the spillway stilling basin. The outlet will be 
backfilled with concrete or a pourable backfidl. Seepage collars 



MEETLNG NOTES 
SWW35441.MC. 10 
Page 3 

perpendicular to the pipe centerline may be excavated and poured against 
undisturbed ground. A drainage bacldii may be used for the downstream 30 
to 50 feet of the outlet pipe. 

9. Maintenance Access--Provide truck access to the reservoir for removal of 
sediment, to each abutment for maintenance and inspection, and to 
downstream toe for repair after severe flooding. 

10. HorsejMotorbike Access--Access through the reservoir for horse and bike 
traffic will be allowed via maintenance road but away from the dam. 

11. Fencing--Delay final decision until O&M staff review, but consider fencing 
around the spillway and outlet similar to Sunset Dam. 

12. Relocation of Sewer Pipe--Develop reservoir excavation to leave as much of 
the sewer pipe undisturbed in the reservoir as possible but still excavate the 
required embankment footprint and provide the needed flood storage. 
Relocatelreplace sewer pipe under dam, so pipe is not interfering with the 
foundation excavation of the dam or the excavation of the stilling basin. 
Sewer pipe should be concrete encased under the embankment 

13. Spillway Entrance--Further develop the spillway entrance as an ogee crest to 
pass the !4 and full PMF. Check the width reduction of the entrance, 
entrance coefficient, etc., during final hydraulic computations of the spillway 
so the flood is safely passed without dam overtopping. 

14. Spillway Chute-Evaluate the convergence angle of chute, the freeboard on 
the training walls. and the construction materials. Consider soil cement 
(CSA or RCC) using onsite materials with a strength of about 2000 psi. 
Consider constricting the walls with soil cement Soil cement shall be 
placed in layers about 10 feet wide with 2- or 3-foot-high steps. State Dam 
Safety will be concerned about seepage along the spillway walls, so discuss 
this issue with them and use cutoff walls if necessary. 

15. Spillway Stilling Basin--Consider providing a soil-cement-lined stilling basin. 
Consider shortening basin by having a deep, lined pool with a high 
downstream end weir. Fill stilling basin with sand that will wash out when 
used in flood. 
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16. Water for Construction--Assume water needed for construction will be about 
50 to 100 gallons per cubic yard of fd. Discuss with City about supply that 
may be available as well as preferred timing for construction or storage 
requirements. 

17. Waste Material-Assume waste excavation material may be placed 
downstream of dam, probably on right abutment area downstream from 
house. Client should review potential for some waste material to be hauled 
from site for use in other civil projects. 

18. Structures in Reservoir-County will arrange for removal of all smctures, 
debris, and obstructions in reservoir. 

19. Inert Debris in Reservoir--Inert debris may be buried downstream of dam. 

20. Debris-Other solid waste unsuita5te for incorporation in fill areas will be 
taken to City landfdl. 

Design Team Review 

The following suggestions were made to the design team for further review: 

. New Dam Alignment and Elevation-The advantage of modifying the dam axis 
alignment is to provide better downstream alignment of the spillway discharge. The 
advantage to locating the dam downstream and raising the crest of the dam and 
spillway is to reduce the excavation required in the reservoir and to balance the cut 
and fill volume. The suggested dam crest elevation is 2163, with the spillway wide 
enough to pass the !h PMF with the 3 feet of freeboard and pass the full PMF with 
just a few inches of freeboard. Recalculate the volume of fill in the dam, and 
considex steepening the downstream face to 2:1 if necessary, but remember that 
erosion control and maintenance will be better on a flatter slope. Consider reducing 
the crest width to 15 feet 

. Raise the Crest of the Dam Along Alternate II to Elevation 2.163--This concept 
would determine if the storage could be obtained while reducing the volume of 
excess excavation in the reservoir. 



Casandro Wash Value Engineering Meeting 
April 12, 1994 

Agenda 

8:30 - 850:  -coals and Objectives 

850 - 9:lO: Hydrology and Hydraulics 
- Precipitation 
- 100-year Flood 
- ID, Full PMF 
- Outlet Criteria/consideration/controls/operation 
- Hydraulic design concepts of spillway and outlet works 
- Dam Configuration, top width, hydraulic structures, etc. 
- Sediment yield 

9:10 - 9:30: Geology and Geotechnical 
- Site Constraints: Private property, access 
- General geology, seismicity and background information 
- Foundation strength, settlement, cutoff etc. 
- Construction materials - core, random, filters, drains and erosion 

protection 
- Stability analysis: Static and dynamic 
- Cross sections, alternatives 
- Construction cost estimates 
- Discussion of performance of similar adjacent dams, risk, allowable 

seepage, maintenance, landscaping etc. 

9:30 - 11:W Break and site inspection, observe test pits 

11:OO - 1200: Break down costs into major components and functions 
- Embankment - foundation, cutoff, fill material, cross section, erosion 

protection 
- Outlet works - Intake, conduit, stilling basin, diversion during 

consauction etc. 
- Spillway - type, location, materials, eneance, chute, stilling basin, etc. 

12:OO - 1:30: Lunch 

I 1:30 - 230: Breakout Discussion Session 
- 

2:30 - 4:30: Identification and Development of VE suggestions to address possible 

- - cost savings in the major items; discussion 

4:30 - 4:45: Wrao ua . . 
5:W Depart from meeting 
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AREA-DISCHARGE VS. ELEVATION RELATIONSHIPS 

2.130 2.135 2.140 2.145 2.150 2.155 2.1.50 2.165 2.170 

Elevation 


