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Executive Summary 

In January 1994, the Flood Control District of Mariapa County (FCDMC) contracted with 
CH2M HDLL to provide preliminary and final design services for the proposed Casandro 
Wash Detention 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. 
E l d i g  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 &om inundation and sediment deposition. 

.~ . . . 

The Casandro Wash Detention Dam is classified by the Arizona Department of Water 
Resources as e half probab1e:'dmum flood (5,404 cfs) is 
recommended for spillway design purposes. However,.,$ased on the results of the Value 
Sngineering Meeting of April 12, 1994, the spillway: should also@ass' the fufl FW'=tfic$t. 
ieeboard.@reeboard will be controlled by residual . ~ b o ~ & : r e q u u e m e n t  of 3 feet above the __ . . , : . 

- maximum routed 0.5 PMF water surface elevati~n."~'~:~. .... . . . ~  :. 

A sedimentation investigation was conducted:.td estimate.: potential sediment supply to the 
reservoir site. Sediment deposited in the ~asandro:~amreservoir area reduces the available 

reservoir, approximatelm 
-year event. Monitoring of 

tenance plan. According to 
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. . . 

Hydraulic structures associated with the Casandro Wash Detention 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 ogee crest, with the crest apex at elevation 2153 0 feet. The proposed spillway chute has 
slope of 4:1, which is sufficient to maintain supercritical flow. Thmiimeniation reservo* 
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 

The geotechnical investigation was performed to obtain subsurface information at the 
proposed damsite and reservoir area for development of geotechnical recommendations for 
design and construction. The field exploration include 2~.t&?@ 
Laboratory tests were performed to characterize the onsite materials and determine their 
engineering properties. A CI12M IIILL engineer specified test pit and boring locations, 
determined sampling intervals, and provided general oversight during all exploration 
operations. Laboraton tcstirl~ included Alterber~ limits. sieve analysis, specific gravity, bulk 
density, and molsture content to estahl~sh index properties and verify field classifications. The 
data for all laboraton results 1s included in  the previously submitted Geotechnical Data 
Report. 



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 -- -- 
werlying dense to very dense cemented sand. The depth to the partially cemented materid / 

eat&. The overlying loose soil in the reservoir should be removed and the dam " & .  
ound on the cemented or very dense sand. The abutment wnditions were similar to the 
bundation 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 wnditions are similar at the proposed alignments, the final alignment should be 
determined based on other wnditions such as spillway sii and orientation, reservoir storage, 
and minimizing earthwork. 

The proposed dam should be ~ o g e n o u ~ l l  dam constructed of materials excavated 
from the reservoir. 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 drawis preferred over importing clay soil for a core. The material in the 
reservoir may be suitable for use in construction of a RCC dam, but cost and potentially 
compressible foundation conditions eliminated RCC from further consideration. 

CH2M HILL recommends that the! .,, ,.,,. ,,,,,. ,, ,,., , feet to db1 -y"- 
3r a wider access road and to increase stability of the dam Gd on the above invesiigation, 
design peak rock acceleration of 0 m s  recommended for final design. petails of the 

eismic investigation will be included in the Geotechnical Design 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. A 6-inch 
waterline is located north of the detention reservoir which serves the adjacent residential 
properties. It generally parallels the wash alignment and is approximately 200 feet north of 
the wash centerline. 

Residents on the north side of the reservoir 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 reservoir extend to the south (toward U.S. 
60), and away from the project area Service connections do not appear to be in 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 the res~dents is located within 
the dike prism and may need to be relocated 

The 10-inch sewerline has an easement of vanlng w~dth tilrough the prolect area Partial 
relocation of the sewer w~ll require an amendmcn~ to  he easemcnt descr~ption 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, fill slope easements could 
be obtained for certain (as yet undefined) areas that require grading. 

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

Constmetion of the Casandro Wash Detention Dam requires the acquisition of two permits: 
the Dam Safety Permit issued by h n a  Department of Water Resources (ADWR) Dam 
Safety Division; and the U.S. Anny Corps of Engineers (COE) !+@on 404 Fii and Dredge 
permit. FCDMC is primarily responsible for obtaining these p,&&i, however, CH2M HILL 
is assisting in preparing applications and in coordin "e '$pit t ing efforts. Prior to 
construction, a U.S. EPA Stomwater NPDES permit nr&Qn ;:. 

... activities will also be 
... . .  .. ... 

required. .. .. ... . ... . ... .. .... .. 
8 .  : . ... ... .. '.' .? 
... . 

.. .. ...,. .. ... .7 ., 

As part of the concept design analysis, two dam &mni".ii&ere ~ .. identified and staked in the 
field during the initial field and ge s. They were based on the 
geotechnical setting (for instance, the ,as well as the storage capacity 
needed to impound the 100-year sto 

The concept design al of developing preliminary earthwork 
quantities and order-of- estimates to determine the preferred 
layout. The results of this .:the Alignment I1 alternative was more cost 
effective than Alignment I . : :  torter, requires less earthwork, and provides 
better hydraulics for the s ~ i r Y : " : : , . ~  '':iii 

.. . 

Two options were reviewed f o ~  the1 --itruction: structural concrete and RCC. 
bpears to-be tne most cost-effective option for constructing 

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, which became the preferred alternative 

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 ofthe spillway, as well as to the upstream and downstream roes. 

The prelim~nary construction cost estimate for the detention basin and dam project is 
$1,338,000 Estimates were developed for the major elenlents in the concept design 
submittal A 20-percent contingency was applied for minor items not specifically identified or 
shown 



The recommended design features are summarized below: 

Dam length : 350+ feet. dam top width: 20 feet. 
~mb&t slopes, upstream 3.1, downstream 3:l. 

t Dam configuration: homogenous eartMU with chimney drain. 
Spillway type: structural conaete, 80-foot width. 

t The spillway configuration: Ogee crest. 
+ Impoundment area : 14 acres. 
* 100-year water s~rface~elevation: 2153.9 feet. 
t Design capacity: 0.5-Probable Maximum Flood:! feet of freeboard. 

Full PMF contained within the principal sp 
Low flow outlet. 



Section 1. 
Introduction 

In January 1994, the Flood Control District of Maricopa County (FCDMC) contracted with 
CH2M HILL to provide p r e l i  and finaI design services for the proposed Casandro 
Wash Detention Dam project. This Concept 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 wate of the geotechnical 
investigations of the dam site, detention basin ; and the proposed 
modiications to conflicting utilities. 

.. . .. . 
Casandro Wash is an ephemeral stream draining 'epd&&afely a 3-square-mile watershed 
west of the town of Wickenburg in Maricopa c&irnty,i,hzona (see Figure 1-1). The 
watershed generates approximately 1,770 cf9 in'the.,100'-'gearutorm event. The storm runoff 
in the watershed is conveyed through ~icke~~~*g.:~i~~e$elall~ a south to north direction, 
crossing U.S. Highway 60, where runoff .. .. is di&hargedinto Sols Wash. 

. . 
.: : :: 

. . 

Downstream of the crossing at ~ .~ :~60, / : -d{~" ;~ash  is characterized by a poorly defined 
alluvial channel within a br0ad;..d,~~.7~ail~~~.,~h~~~downstream reaches of Casandro Wash are 
conveyed primarily throu&~:::und&sizexl drainage channels and inverted crown roadway 
sections. lmmediately,.:-up~~~~.off~~thei+~~coduence with Sols Wash, a railroad drainage 
crossing structure lin$~sif6e con~eyiwc~'ca~acity of Casandro Wash into Sols Wash, resulting 
in localized flooding'.hf:the, urban . @eas . between Mariposa Drive and the Southem Pacific 
Transportation Company;: 

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 FCDMC in 1991 recommended the 
construction of a detention dam to reduce the flood impacts from discharges in Casandro 
Wash. In addition, the plan recommended construction of an outfall stonndrain conveyance 
system downstream of the proposed dam location to the outfall at Sols Wash 



FIGURE 1 -  I 

LOCATION AND VICINITY MAP 
@ - 

CASSANDItO WASH OtI fMKlN BASIA' 
IYICMMA~JIIG, nr - ELx.im 

m 



Objectives 

The objectives of this report are to: 

1. Desaibe the hydrologic, geologic, and geotechnical settings for the proposed dam. 

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

3. Present the proposed criteria for the final design. 
..... 

4. Describe alternative dam locations, sizes, configuratioB.w,d construction materials, 
and the evaluation process used to select from among,-the~&,, 

,:; ,:?a:.. .?:., ; :  , : '3::. 

5. Present the recommended concepts at app gn level for review 
and approval by the FCDMC. 

6. Present preliminary budget-level o cost for use in evaluating and 
budgeting the proposed project. 

Information used in this design mber of sources and previous studies. 
Some of the sources includ 

Topographic map 1993 prepared for the FCDMC by Aerial 

the Sunset and Sumycove Dam prepared by the 

Hydrologic modilini prepared for the Wickenburg ADMS dated 1990 

Utilities maps prepared by the Town of W~ckenburg 

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

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 in the 
concept designs 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 
2163.5, and spillway crest to elevation 2153.0. 

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

.... 

With the revised dam location and higher dam, the spitt&& width was revised to 
.. . . . . .  . . . .  

80 feet. This requires less st~ctural concrete. :::< 

The concept design submittal presents the and dam concept 
grading plan as well as major design 

dissipater, access 

roads, and relocated sewer. 
.:. .::. 

Existing property and right- the Town of Wickenburg and 
modified with updated inflormation grading plan was reviewed to 
minimize the affect on adjacent pro nnecessaty land. Existing 
property l i e s  and proposed right* oncept design submittal. 

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

efforts and assistance of the staff of the Town of 
Town Manager Ben Navdelli, and Building 

like to thank the Wickenburg Volunteer Fire 
eeting room facilities. 



Section 2.. 
Hydrology and Hydraulics 

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

Hydrologic Analysis 

Hydrologic modeling of Casandro Wash was performed using HEC-I, 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 " ! n a p  Design Manual for Mm'copa Coll~l&~ Ankna, Volume I 
HyrhIogv" (1992). Preliminary design criteria for the detention dam require that the 100- 
vear event be substantiallv detained below the s~illwav elevation and/or the maximum outflow 
ie  less than or equal to ;he hydraulic capacity of:thep&p:$sed storm drain to be constructed 
downstream of the dam Prelimbuy desi&:,of& $torm"ddn is described in the FCDMC 
report "Ckw~dio Wasb 0utfYIfor &&.;~wh ~ m ~ ( 1 9 9 3 ) .  Design of the storm drain 

. . .  
is not part of this project. Acco FCDMC .. ., . .. report, the capacity of the storm drain is 

... . 
339 cfs. . .. .. ~ .. . .. . 

Hydrologic data for,th rshed were directly obtained or were modified 
fiom the wick en bur^^,:^ cribed below. Future watershed conditions 
assume 100 percent b ~ ~ d - ~ o & ; , a : ~ r d i n ~  to the existing zoning in the watershed to account for 
potential changes in runoff~6~esover the long design life of the detention dam. Recently, 
development in the ~asandro'Wash watershed has been rapid. 

~WI&X Rainfail 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-I model after 
adjustment for areal reduction using Table 2.2 (p. 220 of the FCDMC Manual) A depth-area 
reduction factor of 0.985 was used. The adjusted 6-hour rainfall depths for Casandro Wash 
are: 

t Pz = 1.39 inch (2-year) 
* PI0 = 2.20 inches (10-year) 
t Plw = 3.35 inches (100-year) 



FCDMC design storm pattern number 1.5 was used as shown on Figure 2.17 and interpolated 
from Table 2.3 of the FCDMC manual. 

~~ 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 
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 characteristic$de.%ribed in the Aguila-Carefree 
Soil Conservation Service (SCS) Soil Survey ~e~ort..,;~$&uni~~::in'~'the watershed included 
clay loams, sandy clay loams, and sandy loams. s:d];&t ~ 0 v e r a g ~ : w e r e  areally weighted 
using equations and methodologies described in t h @ ~ ~ c ~ , ~ c , ~ h a n u a l .  Percent imperviousness 
for the watershed was estimated based on fir11 build &t'iindir existing zoning for the Town of 
Wickenburg. For areas within uninu)rporat&d.~~~coCO~~ :County without ordinanced zoning, 
the zoning for the Town of Wickenburg, nkaxesi:-the"~&iw~a County portion of the 
watershed was used. Future condition perc$$t':ignpep40usness :: averaged about 35 percent for 

.. :> 

the entire watershed. / /  .. ~ . .  . . . .. 
. . .. ... . . :. 

UnitHjdicgqh Clark unit h y d i r o S i ~ ~ ~ ~ ~ c e d w e s  were used to develop runoff peaks and 
volumes. Time of concentration'eq~a~.on ....... :. #5i~,for  desert and mountain areas, in the FCDMC 
manual was used. ~e~ntion,,ba~in'kr&::~~as planimetered on USGS topographic mapping. 
Watershed length w&:,.s&la&. & d e d  on USGS topographic mapping. The detention 
basin factor Kb for&&time of &centration equation was determined by areally weighting 
between the categorie.J"ofComer&ial, residential areas, Type A, and desert range lands Type 
B using Figure 5.5 of t h e " ~ d I l M ~  manual. Measured watercourse slopes were adjusted, as 
required, using Figure 5.4 ofthe FCDMC manual. Unit hydrograph parameters input into 
HEC-I were determined using the s o h a r e  program MCUHPl provided with the FCDMC 
Manual. 

-el Routiog. Channel routing parameters were based 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 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 



Defkn6m R o h g .  Detention basin routing was computed using elevation-storage 
information estimated by planimetering 2-foot contour interval mapping provided by the 
FCDMC and the proposed grading plan and dam 'alignment provided by CHZM HILL, 
Detention basin outflow was estimated as described in the Hydraulic Structures Design 
section of this report, 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 acrefeet sediment storage during the 100-year event, as described later in this 
report. 

M i & &  Peak discharge estimates for the Casandro Wash detention dam project 
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- 10- 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 
synthetic skew for the 2-, 10- and 100-year discharge using procedures outlined in Bulletin 
178 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-I, 100-year modeling are provided in the appendix. 

The probable maximum flood and emergency spillway design criteria for the Casandro Wash 
Detention Dam were determined as specified in ADWR's report "Guidelines for the 
Detemination of  Spillway Capacity Requiiements" dated May 199 1 (hereafter, "the ADWR 
Manual"). 

The half-probable maximum flood (0 5 PMF) and full PMF were estimated using procedures 
outlined in Hydrometerological ~ e ~ o >  49 (HMR 49, Probable Maximum Prec@itation 
Esrimates, CoJomdo River and Great Detention basrn Dramagcs, U US Army Corps of 
Engineers, September 1977) The HEC-I hydrologic model was used to estimate the PMF 
and 0.5 PMF. The 100-year HEC-1 model described in the previous sectton of this report 
was modified by substituting 0 5-PMF and full PMF ramfall distr~butions 



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

* 1-hour PMP of 11.5 inches 
No elevation adjustment (site < 5,000 feet) 

* &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#l110-2-1411) 
* No areal distribution of the PMP storm 

., .. 

Application of the PMP depth and distribution to the t3l&l waiehed: model for Casandro 
Wash resulted in a PMF estimate of 10,941 &,,@EC-l.:file "CASFPMFE.HC1"). The 
0.5-PMF was determined by ratioing the full PME ~ r y d k g q h  ordinates from the HEC-1 
model using a JR record, resulting in a 0.5-PMF &hate of 5,404 cfs (HEC-1 file 
"CASHPMFE.HCln). Computation sheets e&nation of PMF and 0.5 - PMF are 
included in the appendix. 

Dam and Detention Basin Cri 

In Arizona, spillway design criteriq18as ~ ~ t l i n e d : ~ i i ~  the ADWR Manual, are a function of the 
hazard classification of ths,dam,, -4 clas.dfi'&ition is based on factors such as the height of 
the dam, storage ~apa&y,,~exi&n~. &d,;probable fiture downstream development, uses of the 
detention basin, op~d&nal p ~ ~ r ~ ~ , ~ t y p e  of dam, type of spillway, site and foundation 
geology, the sue, iop&:::md Gterial composition and configuration of the downstream 
channel, and the distah"'&~i:the'aam from the nearest downstream development. The 
Casandro Wash ~etentioni'l)~::will have a spillway crest height of about 22 feet (total dam 
height of about 30 feet), a h u m  storage capacity of about 150 acre feet (below the 
spillway), will have increased f h r e  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 Detention Dam will be 
due to the presence of mo 

*m 
le structures 

the potential for appreciable economic losses downstream. accordine to '., 
criteria outlined in thk ADWR ~a i ; a l .  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 hnction of its heieht 

~y 69 cresJ  '7- I \, 
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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 Detention Dam configuration is the halfprobable maximum flood (0.5-PMF), given the 
ward  and size c lWca t ion  S d  dams in the high hazard class we to havempillway t* 
a t h e  0.5-PiWKWy comparison, small dams in the significant hazard class are to haveba 
ipillway that passes the 100-year to 0.5-PMF, as indicated on lsble 3 of the ADWR Manual. 

::: .:. 5 .  : :  
j:i'i:/iii:. . ::. 

Total Ereeboard, or the distance between the top q%hci dami"& :the spillway crest, is 
d e t a m k d  by the type of d;lm, the maximurn m at^^^^^: during&mrge of the design 
low I heig nmup, and ecdi@iic,&&rs. ~ m n i m  
:otal : I ~illw B@* - -rdik&& . . . . .  .the ADWR Manual. 

. . . . .  ...... 

Residulu ~rauoard, or the distance oetwr: surface during passage of the 
in5ow design flood and the top of the d m of three feet, except when the 
inflow design flood is the 0.5-PMF a rg rea t4  ' 'y .~or  cases when the inflow design flood is 
0.5-PMF or greater, the residd'fieebo~d.:~ayb$.reduced. Freeboard will be applied to the 
routed 0.5-PMF maximum w a k s ~ e .  . . . . . .  ele$ati~ri: Table 2-2 summarizes the spillway design 

.:.. .: . . . .  ..... criteria for the dam. , . . .  . . . 

I Spillway ~auacity I 0.5 PMF I 

summary 

. . 

Freeboard 

0.5-PMF 

For the Casandro Wash Detention Dam project, the 0.5 PMF of 5,404 cfs is recommended 
for spillway design purposes. However, based on the results of the Value Engineering 
Meeting of April 12, 1994, the spillway should also pass the full PMF without freeboard 
Freeboard will be controlled by residual freeboard requirement of 3 feet above the maximum 

- 
4 ft (spillway to top of dam) or 

3 A above 0.5 PMF WSEL 
5 404 cfs 
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routed 0.5-PMF water surface elevation (WSEL). The Casandro Wash Detention Dam is a 
high hazard, small dam. 

Detention Basin Design 

The Casandro Wash Detention Basin and Dam were 
1 detention basin rwtings 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 spiilway and outlet will be described later in this report. 

. . 

Stage-Storage Capacity Curve. A detention basin '%as developed to meet site 
geotechnical and civil requirements (described elsewhere),:& wellL:as flood water storage 
needs. A 2-foot contour interval digital terrain mode& ofthe detention'basin was developed 
using AutoCAD-based sofhwre. Lwel-PO detedned for each contour 
interval and were checked by planimetering p e grading plan. Elevations and 
surface area were used by the HEC-1 mo e volume. Figure 2-1 shows 
storage capacity and area curves. 

. . .. . 

StagsDischarge Rating Curve. Detention b&i&outfl~iv 'will be through a low-flow orifice 
outlet as well as over the ~ ~ i l l w a ~ - ( ~ n l ~ , f *  floods:,greater than Q50). The spillway elevation 
and oritice opening were varied to,:achi&ethe maximum outflow without exceeding the 339 
cfs capacity of the p r o p ~ s e d " ~ ~ ~ ~ ~ ~  'stor& drain downstream. The capacity of the 
downstream storm drainwas estimked;;from ~'HEc-1 model provided by the FCDMC. Both 
the timing and magnitude::6f d&ention'bsin outflow was compared to the FCDMC HEC-1 to 
test if the capacity exceeded.. After optimization, a spillway elevation of 2153 ft. and an 
orifice opening of 1.4~:~@z~~yere..'sekcted. The spillway rating curve was developed using 
procedures described eldwh* in this report. Figure 2-2 shows the stage discharge curve. 

Drain T i e .  The estimated time to drain the detention basin is approximately 76 hours. 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 drain times can be 
achieved by removing or enlarging the orifice. 

Mixhum Pondiig 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-I The proposed top of dam 
elevation is 2 163.0 feet. 
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Figure 2-1: Storage capacity and area curves. 
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A sedimentation investigation was conducted to  es@att2 potentilrf:i,&ent supply to the 
detention basin. S e d i i t  yield estimates will b''''used.,~@i,predictctct'ksed'ment maintenance 
requirements and estimate sediment storage r e q u i r & q e n $ s g  the design storm. Criteria 
for design of sedimentation reservoir within .. the.:&tenti&~:$a$n ... .. .. ... .. will be addressed separately. 

Sediment Supply 

Sediment deposit reduces the available storage 
volume for floodwater. T supply will be used to evaluate the 
additional storag ents for floodwater storage and 
conveyance through t 

A& &@tmc11& Technical data required for estimating sediment supply was obtained 
from existing studies, rt&ianal geologic, land use and watershed mapping, HEC-I hydrologic 
modeling of the watershed prepared for this project, and a sieve analysis of Casandro Wash 
bed sediments. 

Methudolugy. 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 p r d ~ c t  sedimentation rates 
The methodology is described in "Design Manuel for Engneering Analysis of Fluvial 
Systems," Arizona Department of Water Resources, 1985. 

4 MUSLE (Modified Uniform Soil Loss Equation). MUSLE was developed by the U S 
Soil Conservation Service 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 "Desiigo Manual for Eogneenng Analysx's of 
Fluvial Systems," Arizona Department of Water Resources, 1985, with supplemental 
information available in "Aedictiog Rainf21 Erosion Loss - A Guide to Conservatibn 
P l h g "  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 
sandgravel-bedded streams. Casandro Washsediment lo@ is mostly sand and gravel 
as indicated by sieve analysis of channel bed scdiments,catfio$ .. :> the project site. Yang's 
sediment equation is described in "LTnit tion for Gravel" ASCE 
Journal of Hydraulic Engineering, Vol. 110, No. 

SCS Modeling for Sunset and Sunnywve Dsmsc:'"The SCS ip~e$-iired a -entation 
investigation for two dams on watersheds k d . r  :co'~,!%sandro Wash, that are located 
within one mile of Casandro Wash. SCS es~hates;,&e ... .. based on sediment survey data 
and the "Range Method." ed in "Watershed Work Plm: 
Wickenbmg Watersbed, Counties, Arizonq" Soil 
Conservation Service, D 

FCDMC Sedim FCDMC periodically removes sediment 
from Sunset and Su ugh no systematic sediment 
removal data is used to roughly estimate 
potential ~ e d i ~ ~ ~ t & & & ~ c a @ n d r ~  :. Dam. 

:> .:> 
.... ... 

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

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

,::: : :  . ... , :. 
.. .. 

R d l t r  Estimates ~f&erage d u a l  sediment supply at Casandro Wash detention basin from 
the sedimentation in~&+ti~&ow'~& shown in Table 2-4. Estimates of sediment supply for 
specific recurrence intervhi,gien 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. 





.... .... .... .. 
l i ; .  ' i :~  

L&xwk Sediment supply estimates are~j.iWydy &&tent between all methodologies -:. 

&* E * i m s  ',,, -tal d&&p&&@& idomtian by *he 
FCDMC exceed the upper h i t  of sediment $&.piexpe&ed at the Casandro Wash site, but 
illustrate well the variability of sedimeht~up~l$~jn~ph arid environment. It is I i i y  the upper 
limit of sediment yield shown i 1 @ @ e 3 $ & ~ w  upward gs a result of *era1 Large events 
o&g of Sun,& %i~winswinsif&+!years; the long-term is to be 
lower. It i s  also noted t@:,:@&$ed;.i&kt supply does not increase d-cally with 
return period. This is pfoI@dy. &@&qelatively short duration of the design flood, as well 
as the relatively in@@",deSG&iii&&j::&d W p  channels &ch produce high velocity 
turbulent flow wen f&:& .:. #e$ flood wents. .. . 

.,:. 

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, a P p r o x i m a t e l ~ s h o u l d  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 AFlyear 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 Sunnycove Dams, a d  sediment removal requirements may vary significantly in any 
given year. Therefore, monitoring of sediment m d o n  should be included in the 
detention basin maintenance plan. According to FCDMC staff. a regular maintenance 
schedule of about 5 years may be expected if no large flood r on Casandro Wash. If 
maintenance occurs every five years, about 2 acre-feet ment will be removed on 
average (5 x .4 AFlyt ) 

Downstream Impacts 
.... 

Construction of the detention basin will interrupt thg sediment supply ffom the upper 
watershed to the portion of the watershed downstream of-&h&:dam. In addition, water flowing 
over the spillway and through the low-flo~orifrce.:~11:..~~1~1b;ibl~ experience higher velocities 
than naturally occur in Casandro Wash co&Iitions. These factors will tend to 
increase Channel bank and bed e w ~ i o n m  theiirdh of the wash between the dam and the 
downstream storm drain. Erosi@i,will hiexpressed as reduced sediment clogging of culvert 
inlets at road crossings, and ~ 1 a t a d , i - s ~ u r , . & i i  the downstream side of road crossings. 
Scour downstream of road. ~ro~si 'n~'otcurs 'under existing conditions. Design of structures 
to mitigate erosion in, th~:..dawqr&channel is not part of this study, but would likely 
include grade control<~cturest$ifiai~&n a stable slope in the channel reach. 

. .. .. . :. .. =. :: 
.. . 

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

Bank erosion is also u~de&tting:~hannel banks at several locations immediately upstream of 
the detention basin site. Pm6erty owners should be notified of this existing condition. It is 
not anticipated that operationof the detention basin will affect existing bank erosion upstream 
of the inundation area. 

Hydraulic Structures Design 

Hydraulic structures associated with the Casandro Wash Detention 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 

discharge at the storm drain inlet occurs at 4:05 hours, according to the FCDMC HEC-1 
model. The d ie reme between the downstream peak discharge @-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 2132 feet. A gated cover 
for the orifice is proposed to facilitate maintenance, and to allow upening of the orifice in the 
event of debris clogging. The inlet to the orifice will d in a grated concrete box to 
reduce the potential for debris and sediment clogging. 

. . ~  ... ... .:> ... .. . : 
:> .p ,r.. 

, . 

Spillmy As currently planned, the emergency spi&i$+yil1c%tnsist of an ogee crest, with the 
~ ~ ... ~ .::~ .. 

crest apex at elevation 2153.0 feet. The spi 
will be 7 feet for the 0.5-PMF event. The: 
head to pass the full PMF without freeboard. 

for constructibil 

E n q y  Lhil@tm .;; hich is sufficient to 
roposed to force a 

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. 

~ e o t a h o n  &.fention bask The sedimentation detention basin will be designed according 
to guidelines presented in the FCDMC Hydraulic Design Manual, following approval of the 
site grading plan 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. Sedimentation markers will be used to allow quick 
assessment of overall deposition within the detention basin, especially near the low-flow 
outlet. 



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 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 

. . . . .  . ? 
,. ~ 

.:: : :  . . .  Previous Site Geotechnical Work 
.:. . . .  

./i ./? . . .  ..... . . .  
. . 

. . . .  . . . .  .~ .. . . . . .  . . .  . . 
. . : : / :  .:: ? . . . . . . . . . . . .  . . . . . .  

No evidence of previous geotechnical work was fozndfo~the  Casandro Wash project site. 
However, geologic investigation reports f~r..tvjo:,:~~evi&~lyconstructed floodwater-retarding 
structures in the W~ckenburg watershed he '~p~l%ble..:,  The' Sunny Cove and the Sunset 
floodwater-retarding structures are located &&in-zhe..:toh limits of Wickenburg, and are 
within about one mile of the Casantke. ~ t i s h m o i e c t  site to the south and southeast. 

.:: .:. - - . . .  . . .  . . . .  . . .  respectively. . , :: 

: .: . . 
.. , ..:. . . . .  . . .  .: :. 

. . . .  .: .. . ..::~ 
. . . . .  . . .  ::. .: . . . . .  . . . .  . ,. . . . . . . .  . . . . . .  

The Sunny Cove 
cemented sand and g 
Wash. Both darns 
embankments are co 

. ~ . . . . . . .  . . . . . .  
Eleld Exploration :.. . . . .  . . .- .... 

'-. 
Between January 18 and 28, 1994, CH2M HILL conducted a field exploration ofthe p r ~ k c t  fO?4& 

-- - 
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 
inte~als, and provided general oversight during all exploration operations. Locations of the 
test pits and soil borings are shown in Figure 3-1 

I 
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Riggs Enterprises of Wickenburg, Arizona, was subcontracted to excavate all of the test pits 
for this exploration. Depths of the test pits ranged from 5 to 18 feet. As indicated in Figure 
3-1, the test pits were located near the proposed dam alignment and throughout the detention 
basin and banks of Casandro Wash All of the test pits were completed with a Caterpillar EL 
200B trackhoe. 

i//::i:i 

Disturbed soil samples were obtained from each of the major soilda$rs encountered in the 
test pits. Each soil sample was composed of a bulk sample pq:&6&&eighing approximately 
40 pounds, and a moisture sample portion. Bulk samples w&$@$il&%d .:::. ?:!.- in doubled, plastic 
bulk soil sample bags, and in doubled, gallon-size plasti$i$gs witf?%$&qck enclosures. A 
CH2M HILL engineer visually classified all soil samp.k:ifdiioGng t h e f i e d  Soil Classifi- 
cation System, in general accordance with ASTM D 248$ijb,:iB<-g 

.::. .:. .:7 .... .... .... .. 
?::. .::. 

Soil encountered in the test pits was classifi&in,.ghe s & l d ~ .  gravelly sand with varying 
amounts of silt or clay. Two major soil l a y & 9 ~ ~ ~ e e ~ ~ ~ Q $ & f y  identified, consisting of a 
loose-to-medium-dense sand overlying dense-t8-vierSr-aens~~%emented . i..i sand. Samples taken 
from the cemented zone were typic.+trFirighly xelip&e to hydrochloric acid, indicating a 
carbonate cementing agent in the s . . j : - ~ = $ t $ . ~ $ : ~  t ' & ' k e n t e d  layer varied from near ground 
surface to about 16 feet below gr&~<b:ks~,~~:~~,.bet~Q~~round surface. In some of the test pits 
the cemented layer was not .~.. enGQunik%Gd:#"en''k%&i . . . . . . . . . . . 

reaching a maximum pit depth of 20 feet 
bgs. 

. . ~  .. .. :. 

After sampling and loggi;&l;the soil iiofile, all test pits were backfilled with the excavated 
soil. The trackhoe 0~erat&~~,*%$,:~~~~6ucket and tracks of the trackhoe to compact the fill as 
much as possible while back&li&t& ... ,- test pits. 

.. .. 

Soil Bonilgs 

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 S-inch-outside- 
diameter (OD), hollow-stem augers Soil Borings 0-1, B-2, B-9, and B-10 were drilled to a 
final depth of 100 feet bgs The remalning borings along the proposed dam alignment and on 
the banks of Casandro Wash were drilled to a final depth of 50 feet 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 perfornled on 2.5-fool intervals between zero and 20 feet. After 20 
feet, samplins continued on 5-foot intcn.nls until the mazi~ilurn 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, fully enclosed h&&r .. 47. fastened to the drill 

.:7 ..-. 
rig. No rope, cable, or cathead was used. .F :%, 

.:? ,:$%+b, .<&: ... . .,$" 
: '" -= 

In-place density samples were obtained typically betweepi'pund skfa*: and 10 feet below 
ground surface. A 3-inch-OD, 12-inch-long split ba&"ij&p)er, eqdbQsd with two 6-inch 
brass-sleeve liners, was used to obtain density amp&. ?ljj8';&inpler was driven in the same 
manner as the standard split-spoon sampler describ&:.zb&e in general accordance with - 
ASTM D 3550. 

Where fine-grain soil was enc s were comparatively low, 
3-inch-OD Shelby tube samplers disturbed soil samples. The 
thin-walled Shelby tubes were a th procedures described in 
ASTMD 1587. 

... .. .::, ::: : : :  ... ..- 
A CH2M HILL engine4$isi&,, &!s&d soils recovered during the drilling program 
following the ~nified,:,$~ji'~las~&~$i,on'~f~tem, and in general accordance with ASTM D 
2488. Soil samples ok~%$ned from-ithe SPTs were placed in plastic bags with zip-lock-type 
enclosures. In-place d e ~ ~ ~ i ~ ~ 3 ~ ~ ~ f ~ ~ c o l l e c t e d  in the 6-inch brass sleeves, as well as Shelby 
tube samples, were sealed *':bl&tic end caps and black plastic tape. Sample descriptions, 
blowcounts recorded during tk 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 sandlcement 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. 
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In Test Pits TP-8 and TP-9 and in Soil Borings ~ i 1 ,  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. After 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;$ declined. Water level 
measurements were generally recorded every 30 seconds for a 10-dnute period. 

..<. <:. ... .. ... ... ... ... <:. - 
Infiltration tests were performed in selected test pits by dF,\i~g,k$ke ..... -;>:. calibrated with 0.1- 
foot increments into the bottom of the test pit. Water w to theDle;?%.pit, .... and the depth 

.I ::;, 

of water was recorded periodically over a 10-minute r. . '  ':!:,s' 

A summary of the re Table 3-1, below. Data from 
the infiltration tests a Volume 1. 



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 stability. 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. 

Concept Design Criteria 

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



Table 3-2 
Summary of Laboratory Analyses 
Casandro Wash Detention Basin 



Table 3-2 
Summary of Laboratow Analyses 

!a1 IOOi; ol rvrry sample parred 2-inch rleve 

lbl Drr-cl r l ~ r ~ f  lest with normal rtrsrrer a1 I .  2, and 3 krl 

161 ~ f i , a i , > t  inuar lent vl~n -18n1og pressures ol 10.20. and 30pu 

Id1 Sampbi n n 5  ternenled Dm,? detarrnlned by paranrn mstlng method, (ASTM 01188) 

i r l  Su#'?ci. carnplp cailrcled nenr TP.21 
...... ........ ...... I I  P r , ~ i r i i l l i y  dutrimined m laboratory on iamplemmpacled 1095% 1 ASTM 698 aIopt8mum mmrlure. .:ri .:,<: 



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- 

were similar to the foundation except for an increase in the -6.$ht i4ii ... of fines present to 
approximately 12 percent. The right abutment is thin in @s<section' and should be 
buttressed with fill. 

Because geotechnical conditions are similar at the p e final alignment 
should be determined based on other conditions 4 and orientation, 
detention basin storage, and minimizing earthwork. 

Dam Type 

The proposed dam should be a hom ed of materials excavated 
from the detention basin. Field e ~ p  ults did not reveal suitable 
low permeable material for use . Therefore, a homogenous 
dam with a chimney drain is ... pggfe : ......... a core. The material in the 
detention basin may be suiqe'b:.lelef<?~e'i'm~:~stmction of a RCC dam, but cost and potentially 
compressible f o u n d a t i o : ~ ' ~ ~ ~ i t i d ; ~ ~ ~ , ~ ~ ~ i n i r r e ~  .:: .z., RCC from fbrther consideration. 

.::. .=-. ... .:, . . . .  ....... ........ . . . . . . .  y ;: . . . . . .  . . . .  .... . . . .  ....... ....... . . . . . . .  .:::. -:. . . . .  2: :: . . . .  . . . .  ....... . . .  . . . . . .  Dam Construction _ . . .  :$/:.. .ifi..ir ,:? .:: ::. ... =/:. :i .... 
'o:!,: .:p 

Vil .  .:> 

The proposed dam cross sectio~should hav ~orizontal to vertical) slopes upstream and 
downstream. Preliminary analysis indicate d o p e s  would have an adequate factor of 
safety for slope stability under steady state seepage and rapid drawdown conditions. Steeper 
slopes will be evaluated if significant cost savings can be achieved. Slopes steeper than 3: 1 
are easily eroded and more costly to maintain. 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. 
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During final design, slope stability of the dam and detention basin will be analyzed under the 
following conditions: 

Short and long duration seepage 
Rapid drawdown of detention basin 

* Earthquake shaking 

1 ne r ........,-... , 'of the dam is required to be . . .--. ... ...- V- 
be increased t&0 'feet to allow for a wider access ro: 

N e e ~ ~ u J - y  
.:<a. . ..% ,::. ii: ... ... 

Preliminary analysis indicates that under wepage condit 
flow through most of the dam. To protect the dam from the downstream 
toe, a chimney d r a m o u l d  be const 
belowtneeSt  of the dam to the botto 
drainage from the chimney drain to the Id be installed into 
the cemented foundation soil to reduce 

y a,, - '- 
he dam. 

Seismicity 
... ... ... ~.. ... ... .:: ... 

An investigation of the existing s&&i ... .... ..., .. '%as performed for the region around the 
dam. This investigation include& .::, ... , ... 71:;. 

., . ... .:!% 

* Data search of. rmation Earthquake Center records for seismic 
activity within 

Review of seis New Waddell Dam site approximately 45 km 
east of Wickenburg. .: 

Review of seismic zoning maps from the Uniform Building Code, Soil Conservation 
Senrice, 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 o recommended for 
final design. This is the same value recommended in the SCS design manual. Details of the 
seismic investigation will be included in the Geotechnical Design Report 

~h*Iw3544 l lp~~dr0607  doc 



Section 4. 
Site Civil' 

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

Field Surveys ... ....... 2=,x:. 

.,? ... 
,:? .i/i 

Field surveys of the project area were performed fiom mid-Janyry:$hrough mid-April 1994. 
The surveys established the project co 
comer monumentation along Mariposa D 
survey line (P-line) was established by pl 
bottom of the wash for locating test pits and 
set for the dam, which consisted of end cont g along the centerline at 25- 
foot intervals indicating the proposed dam e year water surface elevation 
(initially 5,954 feet) was also staked aroun in area to provide a visual 
perspective of the size of the basin. 

.:: +:.:? .:: 
Bluestake was contacted to identi@ ... &<$&utili&g&thin .:: :. the project area. Additional utility 
information was collected from tk': .>6Wr;i@8.~ick~bur~ for the sewer, water, and right-of- 
way. The information is col~ec'&&~~;.&~m~~r;a~ahe .... . ..I .+ . . . . .  ..... preliminary plans submittal provided in 

.n. ... . . . . . . .  .... . . . . . .  -. .:> 

Appendix A. ~.::. .......... r__i... ..... ..:::~ %:. ':+:~ .... 

. . . .  ~::.. .:::. .. . . .  
The only known utility wi!h&T$~r'&d:tention basin is a 10-inch vitrified clay sewerline. The 
sewer was designed by Yost & l r d n e r  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 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 durin~ 



the field survey. However, calculations show that the capacity of the line at ful l  depth and a 
slope of 0.80% could handle a flow of 1.7cfs. 

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. It is anticipated that the waterline could be used for water supply during construction. 

An effort is being made to contact Wickenburg's Public Works Director to verify this 
assumption. 

Other public utilities were identified, but are ou ct area. These 
utilities should not be impacted by the dam and consist of the 
following: 

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

.:: ........ . . . . . .  ..... . . . . .  .......... 
.z... ... :+:. 'Zk:. 

The utilities provide service to the residents an8 l&ngs along U.S. 60. 

Residents on the north side of the de$etifBn ba sewer. water. and electrical services . . . . .  
that extend along their private accp$~*&"~~..zz~h&iiS;&ice connections for the residents and 
commercial buildings along the s&tksidze';~~~t~&~id&dhtion basin extend to the south (toward 
U.S. 60), and away from the .............. Q g ~ j e d ' ~ ~ ~ ~ i / / / ~ e & d ~ o n n e c t i o n s  do not appear to be in conflict 
with the dam or d e t e n t i ~ , ~ $ ~ s i ~ ~ ~ @ d ' h ~ ~ ~  the south access road alignment will likely be 
located over the sewep':'bii' wat~~f:~s~rvi~h:''~onnections to the Ryan property on the right 
abutment of the proposd.'&qn. ~l@,'bhe overhead power pole for service to the residents is 
located within the dike pr'isiai&d .::.. ......... ,&pheed to be relocated. 

............ . . . . . .  . . . . .  .:? 
. & ~  ... . . . . . .  ....... ::. ::. .- .:r ..... ... 

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 FCDMC as part of their effort in acquiring right-of-way for the detention 
basin, dam, and access roads Updated information, provided by FCDMC, will be 
~ncorporated Into the plans 

The 10-inch sewerline has an easement of varying width through the project area. The 
easement is sho\\n 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 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, fill slope easements could 
be obtained for certain (as yet undefined) areas that require grading. 

Access easements will be required for the north and south maintenance roads. The 
maintenance road 
access drive. The 
and east sides of 
entrance drive. A 
roads will require a 
approximately 300 feet long, and the south road is a 
and widths of these 



Section 5. 
Permits . 

Construction of the Casandro Wash Detention Dam requires the acquisition of two permits. 
the Dam Safety Permit issued by Arizona Department of Water Resources (ADWR) Dam 
Safety Division; and the U.S. Army Corps of Engineers (COE) Section 404 Fill and Dredge 
permit. FCDMC is primarily responsible for obtaining these permits, however, CHZM Hn,L 
is assisting in preparing applications and in coordinating the peq t t ing  efforts Prior to 
construction, a U.S. EPA Stormwater NPDES permit for c o n s t d ~ o n  activities will also be 
required. 

ADWR Dam Safety 
The objective of ADWR's Dam Safety Permit is 
accordance with state standards and regulations. 
classified as a "small, high hazard" dam. T 
spillway capacity and freeboard requirement 

C H ~ M  HILL has coordinated witb:..:mrn'i- e Concept design analyses. The 
hydrologic analyses have been s u b : d t ~ 8 b " ~ ~ W R  :: .: c..... ' k r  review. This Concept Design Report 
and 25% design submittal will be$&ded , .ii..ii _iii ..:: t & : f o 1 l o w i g  .::::. review by the District. 

.... ... , ,  ... . . . .:. ::. .i .... ... .. ..~ .. 

ction 404 Permit 

Section 404 of the t regulates the "discharge of fill material into 
'Waters of the U.S.' ed by the COE, requires that various resource 
agencies and intere opportunity to review and comment on the 
project. To strea 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 has been scheduled with the COE by the District for June 13, 1994 
Based on the results of that meeting, the permit application will be prepared and submitted to 
the U S. Army Corps of Engineers for review. 
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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 fiekd and geotechnical investigations. They were based on the 
geotechnical setting (for instance, the location of abutments) as w$f"%s the storage capacity 
needed to impound the 100-year storm. Both alignments are,.&$stent with the concept 
location first presented by the FCDMC. Figures 6-1 and.:@-&+"~h8~ A ;  , ,  xi. .::. the alignments with 

. . . . . .  .... . . . . .  ,. .:::. ... respect to the existing topography. ...... .- .::. ::. +:. ::.. 
.:i >!:. .... .::. '*.. .::. ....... . . .  .... -. ...... . . . . . .  ... .:r .* .::. ~.:. ... . .;. ... ::. 

A number of assumptions were made regarding the Ix$si&jx@i?'&un . .=. 
,SF 

and$llway geometry. 
.:>, .=.<:. .::. ....... They are as follows: . . . .  .... ?.s. .$ . . . . . . .  

* The soils excavated from the deten 
dam 

The dam would b 
control seepage 

far accessibility and dam stability 

ould b based on an initial geotechnical evaluation 
and maintenance req$rements 

* Spillway crest width would be 200 feet, and crest elevation 5954.5 (initial 
hydraulic analysis) 

* Top of dam elevation would be 5960.5 feet based on hydrologic study 

Ogee-type configuration, and taper to a 
h energy dissipaters 

The detention basin outlet works would consist of p with a 
20-inch-diameter orifice plate 
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The concept design 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 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 &$&ed within less than two 

.:F :; ... percent of each other. - 
i;' , ':k.. -. -. : .= ..... -+:, ~!.. . . . . . . . .  . .~  .,:. .3x. >: :? ....... 

: : :  : ::. '::. ... ....... 
A concept design grading plan was prepared consistent @iti:i$fie stori&!!2&qcity needs for the 
detention basin. The grading plan as7ktdisposal site for the 
excess soil. The prospective disposal a tiered fashion and is within 
the 100-year floodplain delineati y filling this site with the 
overexcavated material from the 
developable property. Consideration has alrea ers) to develop this land as 
a park. 

Two options were siruction: structural concrete and RCC. 
Several construction 'with RCC placement were contacted to 
discuss constructibility g up and operating a pug mill to produce 
approximately 1,500 that option more costly than structural 
concrete. Thus, stm ears to be the most cost-effective option 
for constructing the spi 

.... . . . . . . .  ... ....... ....... .:,. . .2  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 sewerline and three manholes had to be relocated to avoid 
conflicts Two 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, which became the 
preferred alternative. Relocation under the dam and detention basin requires lowering the 
sewer by flattening its slope. This can be accomplished with a constant slope on the pipe and 
relocating the sewer alignment as shown in the plans submittal. The full flow capacity of the 



proposed sewer pipe is approximately 4.2 ds, 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 thc 
;a;;. .... -. .:y ... .= - ... -. .. . . . . . .  relocation' are: . . . . . .  .-. .::. .::. .::, . . . . .  . . . . .  . . . . . .  

* Sewer and manhole details should be in accordanc:F&$$%$~ standards. 
t Relocated sewer pipe should be 12-inch R G R C & P ~ ~ ~ ~ E ~ ? ~ ~ : .  .. .::. . . . . . .  .::. ...... i;;. ?!:. ... 
t D-Load = 18,000 IbsU. .:.. .:? .::. . I? 

ijji ./i. 

* Manholes w i k n  the d e t e ~ @ ~ ~ + & i n  ....... ,;.. a$ 'a?wnstream manholes subjected to flood 
conditions should be &rfitted'$t~'wa&i~ht . . .  ..:. .....>. .. ..a%:; Erames and covers. 

... .::.:. .. .::. .. .... .:: ...... ..~ .:. .::. .:: ...... .... 

&her Utilities 

If required, adjustment ections 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 filly 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 The road on the north side will also provide access around the dam 
for occasional nonvehicle recreational use. Therefore the maintenance roads will be based on 
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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 12 percent, with 80-foot vertical cunres 

* Roadway width will be approximately 
Minimum structural section of maintenance roads will b$" 

~c::s Outlet Pipe through Dam ... ,cg;~"::$ .:%. ... ... ... ... ... ~.. ... .- ... .. ... .:. ... .., ..:. ... ... 
The following criteria are recommended for the outlet pipe .::.::, tbr&$%,flek$am: ..... 

... ,,. ... .- ". .::. 
. . -  

Outlet pipe s ASTyIEfj&: D-Lo&gi;8, 000 lbs/fi. 
kfi ;f,$- 

: . ... ... 
::. .::..:/i : / I ,  ... ..... . .  .:, ... .. 

.... .. Cj!. .:i .... ... ..., .~~ 

The following criteria are recomm 

Structural elements AISC and ACI 

The landscaping plan and r .- .... .. ..., .:: ..... 
ations are presented in Appendix B. 

P r e w  Construction Costs and Schedule 
The budget level opinion of probable cost for the detention basin and dam project are 
summarized in Table 6-1. Detailed estimate is presented in Appendix D. Estimates we) 
'eveloped for the major elements as shown in the concept design submittal 
ontingenqwas applied for minor items not specifically identified or shown 



Description 
A Detention basii Construction 
B. Dam Construction 

F. Down Stream Improvements ..,... .I,, U,i!$7d;200"2 ;,, 
S u b t o t a I C o ~ ~ 1 C o s t  g'ii;$-I $991,0ijB, 'Qi;:, 

TOTAL 
$252,650 
3194,350 

C. Structures 
D. Sewer Realignment 
E. Site Development 

phdsw35441 lprlcdr0607 doc 
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Figure 6-3. Casandro Wash Preliminary Construction Schedule 
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CASANDRO WASH DAM,PROJECT 
(Town of Wickenburg) 

LANDSCAPE CONCEPT SUBMITTAL 

1.0 INTRODUCTION 
... ... 

1.1 The landscape concept submittal is li@&I to the proposed 
seed and plant list and the feasibility abl:iiiiiii:$!$ng a temporary 
watering system. To arrive at the~e~~'i5,xecbrnnkqndations it is 
important to review the following relat@"$hformat;i;%. ... .~ 

1.2 Casandro the Town of 
Wickenburg appr posa Drive in 
what is predominately a reside The site 
varies in elevation with typical ' bluffs and canyons 
bordering the wash on the north a 

The site is vegetated wit desert vegetation. 
The Casandro Wash Veg he following plants 
within the project site: 

Mesquite 
Desert Broo 
Catclaw 
Creosote 
Wolfberry 
Grey Thorn 
Burro Bush Hymenoclea salsola 
Turpentine Broom Thamnosma montana 
Triangle Leaf Bursage Ambrosia del toidea 
Desert Mallow Sphaeralcea ambigua 
Desert Marigold 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 wlll 
not be establishing a park. 

1.4 The Arizona Game 6 Fish Department's Heritage Data 
Management System does 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 handled 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 ... t:$iitg .::, provide a seed 
source for natures revegetation process. .:/i .II .i. .::, .:// ./:. .::. .. ... .:. ,? .<. . . . . . . .  .::/:. ' '  

2 . 2  It is recommended that revegetation oL$i;,ri:iieai,C'&sandro Wash Dam 
Project be accomplished in two approacheg:5.~j;;~eedibQ'"'!~d salvage of 
existing mesquite . The seed mix for tb&'".,iifiaam sho%.d";i not contain 
mesquite or desert broom but they sb;iu$d,.:~&inclu&ed in the mix 

'8" .>& ,*!:' ,::< 
for slopes and the floor of the ba~in.''~+~;. .:::, .!:. .:. ,Y 

.... .:: .... 
.:;h;.. ..//i 'ib. .... .....*. $r=$<ui 

Salvage, holding and replanting ;riq;@w:g, is recommended 
for this project providing it'i8i8, 'Vanh.':be::,;&&modated ...... within the 
project budget. The cost for C~;&~'ns~,l;:an&ng .... native trees has 
typical 1 been running $5;,y+%to :b$g$;+ per caliper inch trunk. 
Further inventory and t+&&fiq: '!!; of 'it::: Bxisting mesquite would be 
necessary to determine'" :i;he,,"srw'&$ of potential transplant 
candidates. This effort ':v~6:a:~~~~u~:~e'nt in our scope of work. 
Further comments a n d : : g e r e t i o '  on this issue are requested. 

.:/i .:::, .::.. 
: ; : :  : "i:; ':*k. . a ,  :/;:. .:;:. .... 

2 . 3  The fol lowin$;iiiii'~r&fi~~ind~& seed list is included for review - ... .... ... .:::. ::, 
' / /  :: .... and comment: .::.. ::: .ti;. 

: :  >::. ; i' . . . . . . .  . . . . . . .  ....... .::. ,!; 
....... . . .  /i /i 

Filaree 
Indian Wheat 
Purple heliot rope 
Annual brome 
Big galleta 
Desert needlegrass 
Sand dropseed 
Plains bristlegrass 
Meaquite 
Desert Broom 
Catclaw 
White Thorn 
Creosote Bush 
Triangle Leaf Bursage 
Desert Marigold . 

Erodium circutarium 
Plantago insularis 
Phacelia tenacetifolia 
B r omus r ubens 
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 Arlzona Native Plant Law applies to this project. State 
agencies clearing land exceeding one-fourth acre are required to 
submit a wrltten 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 horticultural soils test results are as follows: 

STANDARD TEST RESULTS COMMENT 
6.0 to 8 . 3  Average 8.6 Hish 

Soluble salts 2000 PPM Max ~verage 362 ~cceptable 
P.I. 5 to 20 Average 2.2 Low 
Gradation 
2 Inch 100% 10 Q * ~ ,  Acceptable 
112 Inch 85% to 100% c&f+gg Acceptable 
No. 40 sieve 35% to 100% ,:!~:~d 7 ; ~  % 

: : :/:>. 
.:? ,;? .:!:. .... 

LOW 
.... .::, 

,zii.*;':' '::, .::. 

3 . 2  Generally speaking the soils of tfiqs r&$,2ir4..are alluvial 
deposits which consist of gravel, sa& 4!y .:i".'silt, a&d'' clay. This 
soil, as mentioned earlier, is of pq~pii.:ag:&&ultural quality but 
quite suitable for the natural se?jec~%&n ..:, .. of native plants. 
Natural selection implies that, ,:!%;hen aii,,,&:oad variety of native 
seed is broadcast over a wide ar$, , ; ,~ f i%:~.  ~$~rd'"iwhich is in a ideal 
location receiving the appropria@,s=%&hi&z$.ri;f sun and water will . : .:. .,$? ...... ... germinate. :!,, ::& ,:::. &. ....... :$:? - .... ... ::::: ;,., :: .:..;i ::. 

.............. 
.? 

. : :/:. . . . . .  .... ... .::. 
The high pH is indicative,:,i:&'$&~~~o$~+, ,: ::.,... kesert region and would be a 
problem if a large a$Awt ,;$df""'iii.c:&ftainer 

2:. : . . . . .  grown plants were introduced into the pro j&&'5iiii;'':;$Izi'&a1'piir it would be better if the ...... 
pH did not exceed 8,,,3.!3i~i,,,T3~jji~8&er &e pH, soil sulfur or sulfuric 
acid can be appl ied.~~~i~'gl'&ggt&dd :'areas which in turn will result in 
increased soluble,,~$~lts.~i;:, :":,~ggtested soluble salts for Casandro 
Wash are very low"~iis,.cbnseqde~tly ..,, .- any increase should not be a .... problem. ~ ~ ~ j , ~ ~  .xi;& &jk,eq::' ;ii 1 1 this into consideration We do not 
recommend a soil pH &~8%£.$cation. The natural selection process 
for seeded native pla&q*";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 feaslble 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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DESIGN OF SMALL DAMS cuu3 r u \ r  I 

stream apron and is independent of any submer- discharge coefficient where affected by tailwater 
gence effect from the tailwater. Figure 9-27 shows conditions to the coefficient for free flow condi- 
the effect of downstream apron conditions on the tions. This curve plots, in a slightly different form: 
discharge coefficient. It should be noted that this the data represented by the horizontal dashed lines 
cwve plots, in a slightly different form, the same on figure 9-26. Where the dashed lines on figure 
data represented by the vertical dashed l i e s  on 9-26 are curved, the decrease in the coefficient is 
figure 9-26. As the downstream apron level nears the result of a combination of tailwater effects anc 
the crest of the overflow, (hd + d)/He approaches downstream apron position. 
1.0, and the discharge coefficient is about 77 percent 9.13. Examples of Designs of Uncontrolle< 
of the coefficient for unretarded examples cited below il 
of a coefficient of 4.0 for unreta f designing uncontrolled ogec 
high weir, the coefficient when e computation of approact 
merged will be about 3.08, which locity head, the determinatior 
coefficient for a broad-crested weir. h of the crest, and the correctior 

From figure 9-26, it can be s ffcient for various effects. 
(h, + d) /H,  exceeds about 1.7, the do '"i.-~esign an uncontrolled over 
position has little effect on the coefficie e crest for a chute spillway that will dis 
is a decrease in the coefficient caused ge 2,000 ft3/s at  a 5-foot head, and prepare : 
submergence. Figure 9-28 shows the r ge-head curve. The upstream face of th, 

. :: : : :  :i: 
i:. ii .:. .:. .i::...:!i 

Figure 9-23.-Onrrhorge ~ o e l f ~ c ~ e n l r  for vertocal-faced ogee crest. 288-0-2409. 
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V A L U E S  OF P 
Ho 

Fngure 9-25.-Discharge coeffncoents for ogee-shaped crest wllh rloprng upstreom face. 288-D-2411 

crest is sloped 1:1, and the entrance channel is 100 the centerline of the spillway entrance. 
feet long. A bridge is to span the crest, and 18-inch- To solve the problem, either the approach depth 
rvide bridge piers with rounded noses are to be pro- and apron position with respect to the crest must 
t,ided. The bridge spans are not ti, exceed 20 feet. be selected and the appropriate coefficient deter- 
The abutment walls are rounded to  a 5-foot radius, mined, or an arbitrary coefficient must be selected 
and the apprnach w;llls ;ire 1 1 1  h1. ~)laccd ;I[ ::I)' with and the appropriate dimensions determined. The 
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Figure 9-21.-Focton for definition of rmppe-shopad crest pofiler. 288-D-2406. (Sheet I of 2) 
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Figure 9-21 .-Fortors for definition of noppe-rhopedcrestprofiles. 288-0-2407. (Sheet 2 d 2). 
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dationship between the actual velocity and a theoretical value.1 From suu3wl, , ; / the -Its of this study, a chart (Fig. 1415) was prepared to show the 
. . 

1616) =tUal velocity a t  the toe of spillways under various heads, falls, slopes 
from 1 on 0.6 to 1 on 0.8, and the condition of average surface roughness. ", and If," ~t is felt that this chart is su5ciently accurate for piellniary-design 

: I 

Bow 0,w i 
i 

:::. ... ... .::. 
purposes, although it can be refined by additional experimental informa- 
tion which may become available in the future. 

Experiments by Bauer (301 indicate that friction losses in accelerating 
the flow down the face of a spillway may be considerably less than the 
normal friction loss in flow ai th  welldeveloped turbulence. Therefore, 
the friction loss is not significant on steep slopes, but it would become 
important if the slope were small. For this reason, the chart in Fig. 

fi 

'l'lle thearctical velocity defined by the Bureau is VI - &g(Z - 0-5H). 
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Figure 9-36.-Flare ongle for divergent or convergent channels. 288-D-2422. 
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Rgure 9-38.-Relotions between vanobler in hydraulic jump for ractongular channel. 
288-D-2424. 
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Figure 9-41 .-Stilling borin choracterirticr for Froude numbers above 4.5 

where incoming velocity, V, 1 60 ft/r. 288-D-2426. 
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This memorandum summ 
Casandm Wash 
sedimentation in 
to the dam site, and ( 
requirements. Design 

Sediment Supply 

Sediment deposited in the Casandro Dam impoundment area reduces the available storage 
volume for floodwater. The estimate of sediment supply will be used to estimate the 
additional storage volume required to rneet the design requirements for floodwater storage 
and conveyance through the dani 

Data Requirements. Technical data required for estimating sediment supply was 
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 Waqh bed sedirncnts. 

Mctliodolo~. Sediment supply w:~s ~" ; i i~ t~ ;~ tcd  t~sinp the following methodologies: 

PSI AC Meihod i l':tc~Iic Sourhwe.;i InterAgency Committee). This 
procctlurc: wa\ dc:vcloped I O I  p1:rnnlng level analyses of sedimentation in 
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the southwest United States, and uses generalized watershed characteristics 
to predict sedimentation rates. The methodology is described in "Design 
Manual for Engineering Anulysis of Fluvial Systems," Arizona Department 
of Water Resources, 1985. 

MUSLE (Modified Uniform Soil Loss Equation). WLE was developed 
by the U.S. Soil Conservation Service to predict ,rirt&%f soil erosion, and is 
also commonly used to predict sediment ;ield:,.&~~~&h&arid southwest. 
MUSLE can be used to estimate sediment s ~ i e 8 f ~ ~ & , i n d i v i d u a l  design 

,< 3-  

stonns, as well as average annual sedim@t,,groductiok~~~. $i- ~ ~ S L E  ..? is 
described in "Design Manual for ~ n g ~ ~ ~ i ~ ~ k ~ l ~ s i s  o ~ ~ l u v i a l  Systems," 
Arizona Deoartment of Water ~esou&?s.''$~#~?with suoolemental ~... .. . A. 

information'availabie in "Predicfjq ~ a i ~ j l ~ r l b o s i o n  Loss - A Guide to 
Conservation planning," USDd &$dt&iil~&dbook 537, 1978, 

::# ,. ,!> ,$, .4>:::.,, ,3:=x:,, e.:. 
. " ";;, '""'.. ...... 
:i!, 1!. '. 

C.T. Yang's Bedload Sdiqpnt T&#&#~ihction. C.T. Yang developed a 
sediment transport fya$eq; ghic&as $$omonly used to predict sediment 
movement rates i q ~ s d -  streams. Casandro Wash sediment 
load is mostly san~;$&.&$&~i$i~hdicated by sieve analysis of channel bed 
sediments fmsn.i*,dbie&I)I)site. .... ' " ~ a n ~ ' s  sediment equation is described in 
"unit Str.&i''Pj&i>!'.E4$a?i& for Gravel," ASCE Journal of Hydraulic 

.... .. Enginee;G%, v0l. Tjl($~o.12, December, 1984, 
' ,  ' - 1 .  ii ... ..,, -:. <$ .. .. 

U.S. Soil ?q$&$&$$ Service (SCS) Modeling for Sunset and Sunny Cove 
Dams. The ~@:~$&~ared  a sedimentation investigation for two dams on 
watersheds similb to Casandro Wash, that are located within several miles 
of Casandro Wash. SCS estimates are based on sediment survey data and 
the "Range Method." SCS estimates are described in "Watershed Work 
Plan: Wickenberg Watershed. Maricopa and Yavapai Counties. Arizona," 
Soil Conservation Service, December 1974. 

FCDMC Sediment Maintenance Data The FCDMC pcnodically remove? 
sediment from Sunset and Sunnycove Dams in  Wichenberg. Although no 
systematic sediment removal data is maintained. anecdotal information waq 
used to roughly estimate potential sedimentation at C;~qandro Darn. 

Results. Estimates of average annual sediment supply at Casandn) W;t.;h [)am from the 
sedimentation investigation are shown in Table 1 .  Estiiii;~tcs of' sc(lirlicn~ supply lilr 
specific recurrence interval design floods are shown in  Table 3. I t  \v:ls assunled that the 
reservoir trapping efficiency was 100 pcrcent due the hi$ pc.rcenl;lye o i  l>c(l load 
transport and orifice-type outlet design. 
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Discussion. Sediment supply estimates are relatively consistent between all 
methodologies used. Estimates based on anecdotal sediment maintenance information 
supplied by the FCDMC exceed the upper limit of sediment yields expected at the 
Casandro Wash site, but illustrate well the variability of sediment supply in  an arid 
environment. It is likely the upper limit of sediment yield shown in Table I is skewed 
upward as a result of several, large events occuning upstream of Sunset Darn during recent 
years; the long-term average is likely to be lower. It is also noted that estimated sediment 
supply does not increase dramatically with return period. This is prohahly duc lo the 
relatively short duration of the design flood. as well as the relatively inrcnsc des i~n  
rainfall and steep channels which produce high velocity turbulent flow even for nlore 
frequent flood events. 
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Given the results reported above, s e d i i n t  supply rates to be used for design of the 
detention dam are based on the average of the methods reported, and are s w m a r k d  in 
Table 3. For the purposes of design of the reservoir and impoundment area, an additional 
1.8 acre feet should be allowed for s e d i i n t  storage. 

... 
.:/ :::... /j 

::. .. ............. ... .::. .... :: ,::. ii!. 4i!, . . . . . . . .  ::. >. 
Sediment maintenance requiremen.& :fir $8 c*dco"iWash Dam are directly to .:!:. 
the sediment supply rates. The av@&@"&:&di&ent yield of 0.4 w e a r  can be used 
to predict annualized s e d i m  ril&~t&qn& .... .... needs. However, since annual sedimentation 
may be highly .@';~rii'*piit, Godotal  i n f o d o n  obtained for tk ne&y 

..(; -:iy 
Sunset and ~unnycove-O&s, actual sedidgnt removal requirements may vary 
significantly in any Ther$ore, monitoring of sediment accumulation should 
be included in the reservoi~'m~wgg&Ce plan, 

'7s:. .,<<. .... ....... 
.it/:. ,;//i' ...... 
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Sediment Yeild Worksheet 
BY 

Modiiled Universal Soil Loss Equation Method 

MODIFIED UNIVEXAL SOIL LOSS EQUATION W L E ) ,  Ys - Rw * K IS * C P 

A Rw, STORM ENERGY RUNOFF FACTOR Rw =s(v.q)% 

1.24 sq. mi. 

&5 112 1346 95 
@so 129 1544 95 

Q-100 156 1769 95 

8. &SOIL ERODBarrY FACTOR; Figure 3, SCS Ag Handbml; # 537 

Soil 
Group 

vay Gm.- 
loan 

flay Lml" 
G r a v e  
loan 

Gravelly? 
clay h 

Outcrop 
Gravcuy- 

Basin 
20 

~ ...~ 
ssody laam 

..:,. .w ..,. .:: ...... .... 
W 25 platy ".rapid 0.17 

Weighted K Factor: 

.... ,. .....,. 
Soil %of Cacopy -' Mulch 

Group Basin Fador Fldar 
Grarslad 10 0.90 0.75 
Brushlaud 10 0.92 0.90 

Urban 20 1.00 0.99 
None 60 100 1.00 

Compmiu: Wetatcd C Factor- 

D LS. TOPOGRAPHIC FACTOR, LS =((U72 6)11)*(0 65X) MS4'Sffl OM,I*S02) 

Slope Lengths SO - 1500 fcct 
Slope Angla I - 15% 

Flgun3-2, SCS Ag Handbook 537 

LS = 0 30 

u P. EROSION CONTROL FACTOR 

Ranseland, P = 100 



Sediment Yeild Worksheet 
BY 

Modifred Universal Soil Lou: Equation Method 

F. RESULTS: 
Unit Annul 

Unit Ys SodLnmt Yeild 
(tn/sq.mi) (ac-Wsq.mi/ycar) 

1435 0.40 .50 
2429 0.67 , E 3 
3 146 0.87 , ,~i 
4242 1.18 \ . ~ b  
4958 1.38 1 . 1 1  
5952 1.65 2.0q 

WElGKlFD AVERAGE ANNUAL S E D l M P r r  YIE!D 
WEIGHTED UNIT AVF.RAGE ANNUAL SEDIMENT YIELD 
ASSUMED SOIL UNlT WEIGHT OWN R) 165 4 

Dale: 2" "'* 



Comparison to SCS Study: 

The Soil Conservation Service performed sediment investigations on the Sunset and 
Sunnycove washes as part of the Wickenburg Watershed Workplan of December 1974. The 
following rationalization was used to confirm the applicability of comparing data from the 
SCS approach to the current estimates obtained from the PSIAC and MUSLE methods: 

1. The two study areas are in close proximity to one another 

Similar rainfall patterns 
Similar topography 
Similar ground cover and runoff characteristics 

2. The s ~ d y  areas are approximately the same size and shape (l.%$grsus .::. .:? 1.95 square 
... ,::. 

miles) ,;? ... ... ::. 
.:;t:' :c, ~. ... .: . ... 

,;<?;p,;;&z '-?;j>. 

The procedure for the SCS approach was to use gound c o y & ~ r v e ~ & ~  topographic 
maps, visual inspections of the watersheds, and sedime@i&$kys on &!,hck ponds. The 
range method was used to survey the two ponds. ~ k ~ d w ~ i ~ u m e  angthe volume of 
sediment contained in each pond were calculated usi~~~i#&&&-area method. Trap 
efficiencies were estimated using capa~it~-infl~~,~~urve$ii~d"&~ total trapped sediment was 
adjusted accordingly. Annual sediment yields$oila*::w&hj&$& computed by applying 
the unit annual sediment yield for the ponds to '&&!.&&&$&&i of each wash. 

.:/ ./:: .:? 

Adjustments were made to reflect any di~ferenck$,fh:fpundcover .... .. . and rainfall intensities. 
: 

Comparatively, the PSlAC and MUSLE metho& rely'on topographic and ground cover 
estimates. While neither equationallows fat-hut of observed sediment depositions, each 
was derived from e note that sediment determined by 
the SCS were used the numbers obtained from PSIAC and 
MUSLE methods are 
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W H I U  TELEPHONE CONVERSATION RECORD 
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CAU FROM f n TIME R:m ~ A M \ M O F W  

MESSAGE TPKEN BY PROJECT NO. &-0354dl. +f X z o  
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RECZ SIN: 1916530021 MWersiwr: 6.50 Data F i l e :  yangsecs.hc2 

*-mmmmmmttmt.... ..m+m***.* 

HEC-2 UATER SURFACE PROFILES * 
t 

' Version 4.6.2; nay 1991 w 

* 
* aL# DATE W R 9 4  TIME 9:21:05 * 

mtmtm**--*.*".**~~*****+* 

N..C*N****l*t*N.t*H"t"**..**.it*t 

* U.S. ARMY WRPS OF ENGINEERS * 
HmuoLoGIc ENGINEERING CENTER . 
609 SEUMD STREET, SUITE 0 

* DAVIS, CALIFORNIA 95616-4687 * 
* (916) 756-1104 * 
t""*****************t*XXXXXX*.*f**,**** 

X X XXXXXXX X X X U  
X X X  X X 
X X X  
X X X U X X  X X X X  X 

X X X  

X X X  
Y X XXXXXXX XXXXX 

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

... ... 

.~ ~. 
;i"--------=====..=,========= 

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

37 Brookside Road ' Uaterbury, C o ~ e c t i c u t  06708 ' (203) 755-1666 



R m  Date: 3 M R 9 4  R m  Time: 9:21:05 H w e r s i o n :  6.50 D a t a  FiLe: y a w s e c s . h c 2  

mtmmmtt*t*."*.ttt*tttt****tt 

'TC-2 UATER SURFACE PROFILES 

V e r a i m  4.6.2; May 1591 
tm*.*mmf**.x~**mnn***~~tIt 

THIS RUN EXECUTED MAR94  9:21:05 

CASANDRO uAsn - SEDIMENT TRANSPORT ANALYSIS 

lYPlCAL SECTION FOR USE WITH YANG 1984  SEDIMENT TRANSPORT EPUATIMI. 

7 : O R Q = l Z 5 c f s  

." IUIECK INQ NlNV l D l R  STRT METRIC HVINS 0 

-10 2 0 1 0.0238 

VARIABLE CWES FOR SUnnARY PRINTOUT 

43 8 14  26 

67 



Rm Date: 3WR94 Run Time: 9:21:05 HnVersion: 6.50 Data Fi le:  yawsecs.hc2 

tt-ttttm*mt*ttttttt*tt**twm 

C-2 WATER SURFACE PROFILES 

THIS RUN EXECUTED 3HAR94 9:21:W 

Version 4.6.2; M a y  1991 
mmttt..-*-tt.-t.mt 

NOTE- ASTERISK (*) AT LEFT OF CROSS-KCTIOII MBER INDICATES MESSAGE I N  SLMMRY OF ERRORS LIST *,iiii:,is 
.::. ::, ... ... .::. 22. .;:. .*. ... .,, ... .,, ... ., ... ., ... ... 

./i. :>. 

S MARY PRINTOUT 

P DEPTH VCH IO*KS AREA TOPUID , STCHL!~, $CUR 

5.29 237.09 23.61 53. 

7.15 237.18 

7.90 236.18 

.OO 113.00 

.84 29.00 113.00 

.09 29.00 113.00 

: .i' .... ... .... .::. :,:. ::. ...... ..., 

SHEAR 





GRAIN SlZE IN MILLIMETERS 

JOB NO. BY DATE 

SILT OR CLAY t SAND I GRAVFL 
I CflARSF I 

* 
FINE -MEDIUM FINE COARSE 

KEY 

'COBBLES 

/ 

U.S. STANDARD SIEVE SlZE 

BORING DEPTH ELEV. SOIL CLASSIFICATION 



Sediment Rating Curve 
for 

Casandro Wash 

400 600 800 1000 1200 1400 1600 

Flow Rate (cfs) 



HYDROGRAPH AT STATION ADO 

SlM OF 2 HYDROGRAPHS 

, ~..mt*~*.~nn**llm*~~tt*mn~mmt...""*.t*t**."."***H*nttt**tt*.tt**tt***tr*ttH*.*tttt*t*."***~"*t.*****t*tt*t~ 
* 

OA I*~I  HRMN ORO FLW * 0 1  IKW( HRWW OR0 FLW OA MON HRMN OR0 FLOU * OA fflN HRMN OR0 FLW 
* . * 

1 WOO 1 0. * 1 0615 76 25. * 1 1230 151 0. 1 1845 226 0. 

1 0005 2 0. * 1 0620 77 23. 1 123s 152 0. * 1 1850 227 0. 

1 WlO 3 0. * 1 0625 78 21. 1 1240 153 0. * 1 1855 228 0. 

1 0015 4 I .  * 1 0630 79 19. 1 1245 154 0. 1 1900 229 0. 

1 W20 5 2. * 1 0635 80 16. ' 1 1250 155 1 1905 230 0. 

1 0025 6 2. * 1 0640 81 14. ' 1 1255 156 1 1910 231 0. 

1 0030 7 3. " 1 0645 82 12. 1 1300 157 0. 

1 W35 8 4. " 1 0650 83 11. ' 1 1305 1 * 1 1920 233 0. 

1 M40 9 5. 1 0655 84 9. 1 1310 1 1 1925 234 0. 

1 M45 10 6. * 1 07'00 85 0. 

1 0050 11 7. * 1 0705 86 6. * 1 13,fP' 0. 

1 0055 12 7. * 1 0710 87 1%0 237 0. 

1 0100 13 8. * 1 0715 88 0. 

1 0105 14 9. 1 0720 89 0. * 1 1950 239 0. 

1 0110 15 9. * 1 0725 90 0. " 1 1955 240 0. 

1 0115 16 10. * 1 OY30 91 0. 

1 0120 17 10. 1 On5 92 0. 1 2005 242 0. 

1 0125 18 11. 1 0740 93 0. " 1 2010 243 0. 

1 0130 19 11. ' 1 0. * 1 2015 244 0. 

1 0135 20 11. * 1 0750 95 : 0. * 1 2020 245 0. 

1 0140 21 12. * 1 0. * 1 2025 246 0. 

1 0145 22 12- * 1 0. * 1 2030 247 0. 

1 0150 23 12. * 1 0. 1 2035 248 0. 

1 0155 24 12. 1 1 1425 174 0. 1 2040 249 0. 

1 0200 25 12. ' 1 0. * 1 2045 250 0. 

1 0205 26 (2. * 1 0. * 1 2050 251 0. 

1 0210 27 12. * 1 0. * 1 2055 252 0. + 1 1440 177 

1 0215 28 12. ' 1 0. * 1 2100 253 0. 

1 0220 29 12. 1 0835 104 0. * 1 1450 179 0. * 1 2105 254 0. 

1 0225 30 12. ' 1 0840 105 0. 1 1455 180 0. * 1 2110 255 0. 

1 0230 31 12. 1 0845 106 0. * 1 1500 181 0. * 1 2115 256 0. 

1 0235 32 13. 1 0850 107 0. 1 1505 182 0. * 1 2120 257 0. 

1 0240 33 13. ' 1 0855 108 0 1 1510 183 0. * 1 2125 258 0. 

1 0245 34 14. ' 1 0900 109 0. 1 1515 184 0. 1 2130 259 0. 

1 0250 35 14. * 1 0905 110 0. 1 1520 185 0. * 1 2135 260 0. 

1 0255 36 15. 1 0910 111 0. + 1 1525 186 0. 1 2140 261 0. 
1 0300 37 16. ' 1 0915 112 0. 1 1530 187 0. * 1 2145 262 0. 

1 0305 38 17. * 1 0920 113 0. 1 1535 188 0. 1 2150 263 0. 

1 0310 39 18. ' 1 0925 114 0. * 1540 189 0. * 1 2155 264 0. 

1 0315 40 20. * 1 0930 115 0. * 1565 190 0. 1 2200 265 0. 
1 0320 41 23. 1 0935 116 0. 1550 191 0. 1 2205 266 0. 
1 0325 42 26. 1 0940 117 0. * 1555 192 0. * 1 2210 267 0. 

1 0330 43 32. 1 O9L5 118 0.  * 1600 193 0. 1 2215 268 0. 
1 0335 44 43. 1 0950 119 0. - 1605 194 0. 1 2220 269 0. 

1 0340 45 61. - 1 0955 120 0 1610 195 0. 1 2225 270 0. 
1 0345 46 85. * 1 1000 111 C 1615 196 0. * 1 2230 271 0. 

1 0350 47 120. 1 1005 127 0. . 7620 197 0. * 1 2235 272 0. 

1 0355 48 182. * 1 lo10 173 G. - 1675 198 0. 1 2240 273 0. 

1 0400 49 276. 1 1015 I?.. :i;n 1 0 ~  0. * 1 2245 274 0. 

' 1 0405 50 387. . 1 107[1 175 .. ;r, L 0 I1 0. + 1 2250 275 0. 



....... -. 
1 0605 74 30. * 1 12W 149 0. 

1 0610 75 27. 1 1225 150 0. 
* * 

PVJ: FLW 11% 

CCFS) (HR) 6-HR 

506. 4.25 (CFS) 92. 

(INCHES) 0.687 0.696 

(AC-FT) 46. 
.a:.:' .!!!. .... . . . . .  

CUMULATIVE AREA = 4 I i/: !: :: . . . . .  .... . . : .;' ,!'? 
.,$; '-4:: ,:.: $:? ,:+ 

.a;?;. ,.!. .:> . . . . . . .  . . . . . . .  
.I!$:, .A:. . .  .:/i. """ 



HYDROGRAPH AT STATION A00 
SUM OF 2 HYDROGRAPHS 

.".Hm~***t.******~***t*.*****t*t****".*.**.*~***~.*.n,.****~***.~***.**~~**..*~****.**.*"..**.."*****"*.***tll"~~*****.* 

* t * 
DA MDN HRMN ORD FLW * OA KIN HRMN ORD FLW * DA MON HRMN ORD FLW DA MON HRMN OR0 FLW 

* * . 
1 0000 1 0. * 1 0615 76 33. 1 1230 151 0. 1 1845 226 0. 

1 0005 2 0. * 1 0620 77 28. * 1 1235 152 0. * 1 1850 227 0. 

1 0010 3 0. * 1 0625 78 26. 1 1240 153 0. * 1 1855 228 0. 

1 0015 4 1. * 1 0630 79 23. * 1 1245 154 0. * 1 1WO 229 0. 

1 DO20 5 2. * 1 -5 80 21. ' 1 1250 155 0. 

1 0025 6 3. * 1 0640 81 18. * 1 1255 156 * 1 1910 231 0. 

1 0030 7 4. * 1 0645 82 16. " 1 1300 157 1 1915 232 0. 

1 0035 8 5. * 1 0650 83 14. ' 1 1305 158 * 1 1920 233 0. 

1 0040 9 7. * 1 0655 84 1 1925 234 0. 

1 0045 10 8. * 1 0700 85 10. * 1 13 1930 235 0. 

1 0050 11 9. * 1 0705 86 8. 1 13 1935 236 0. 

1 0055 12 10. ' 1 0710 87 7 .  1 1 0. 

1 0100 13 11. * 1 0715 88 0. * 1 1945 238 0. 

1 0105 14 12. " 1 0720 89 0. * 1 1950 239 0. 

1 0110 15 13. * 1 0725 90 0. * 1 1955 240 0. 

1 0115 16 13. * 1 0730 91 0. 1 2000 241 0. 

1 0120 17 14. * 1 0735 92 0. * 1 2005 242 0. 

1 0125 18 14. * 1 0740 93 0. * 1 2010 243 0. 

1 0130 19 15. * 1 0745 94 0. * 1 2015 244 0. 

1 0135 20 15. ' 1 0750 95 0. * 1 2020 245 0. 

1 0140 21 15. ' 1 0. 1 2025 246 0. 

1 0145 22 16. * 1 0. + 1 2030 247 0. 

1 0150 23 16. ' 1 1420 173 0. * 1 2035 248 0. 

1 0155 24 16. * 1 1 1425174 0. * 1 2040 249 0. 

1 0200 25 16. * 1 * 1 1430 175 0. 1 2045 250 0. 

1 0205 26 16. * 1 . * 1 1435 176 0. * 1 2050 251 0. 
1 0210 27 16. * 1 . * 1 1440 177 0. * 1 2055 252 0. 
1 0215 28 16. * 1 0830 1 0. 1 1445 178 0. * 1 2100 253 0. 

1 0220 29 16. ' 1 0835 104 0. * 1 1450 179 0. 1 2105 254 0. 
1 0225 30 16. * 1 OW0 105 0. * 1 1455 180 0. 1 2110 255 0. 

1 0230 31 17. " 1 0845 106 0. 1 1500 181 0. * 1 2115 256 0. 
1 0235 32 17. * 1 0850 107 0. * 1 1505 182 0. 1 2120 257 0. 
1 0240 33 18. * 1 0855 108 0. * 1 1510 183 0. 1 2125 258 0. 

1 0245 34 18. * 1 OW0 109 0. * 1 1515 184 0. 1 2130 259 0. 
1 0250 35 19. " 1 0905 110 0. * 1 1520 185 0. * 1 2135 260 0. 
1 0255 36 20. 1 0910 111 0. 1 1525 186 0. * 1 2140 261 0. 

1 0300 37 2 * 1 0915 112 0. 1 1530 187 0. * 1 2145 262 0. 
1 0305 38 23. * 1 0920 113 0. * 1 1535 188 0. 1 2150 263 0. 

1 0310 39 25. * 1 0925 114 0. * 1 1540 189 0. * 1 2155 264 0. 
1 0315 40 27. * 1 0930 115 0. * 1 1545 190 0. * 1 2200 265 0. 

1 0320 41 30. * t 0935 1'16 0. - I 1550 191 0. * 1 2205 266 0. 
1 0325 42 37. 1 0940 117 0. 1 1555 192 0. * 1 2210 267 0. 
1 0330 43 48. * 1 0945 118 0. * 1 1600 193 0. 1 2215 268 0. 
1 0335 44 66. * 1 0950 119 0. 1 1605 194 0. 1 2220 269 0. 
1 0340 45 96. 1 0955 120 O. - 3 1610 195 0. 1 2225 270 0. 
1 0345 46 143. * 1 1000 121 0. * 1615 196 0. 1 2230 271 0. 
1 0350 47 216. * 1 1005 122 0. 1620 197 0. 1 2235 272 0. 
1 0355 48 327. 1 1010 123 0. * 1625 198 0. 1 2240 273 0. 

1 OL00 49 479. * 1 1015 124 0. * 1630 199 0. 1 2245 274 0. 
1 0605 50 645. 1 1020 125 0. * 1635 200 0. * 1 2250 2i5 0. 



1 0410 51 768. * 1 1025 126 J. * 1 1640 201 0. 1 2255 276 0. 
1 0415 52 819. * 1 1030 127 0. * 1 1615 202 0. * 1 2300 277 0. 
1 0420 53 803. * 1 1035 128 0. * 1 1650 203 0. * 1 2305 278 0. 
1 0425 54 745. * 1 1040 129 0. * 1 1655 204 0. * 1 2310 279 0. 
1 0430 55 662. 1 1045 130 0. 1 1700 a15 0. * 1 2315 280 0. 
1 0435 56 576. * 1 1050 131 0. 1 1705 206 0. 1 2320 281 0. 
1 0440 57 493. 1 1055 132 0. * 1 1710 207 0. * 1 232s 2.52 0. 
1 0445 58 421. " 1 1100 133 0. * 1 1715 208 0. * 1 2330 283 0. 
1 0450 59 357. * 1 1105 134 0. * 1 1720 209 0. * 1 2335 284 0. 
1 0455 60 303. * 1 1110 135 0. * 1 1725 210 0. 1 2340 285 0. 
1 M O O  61 258. * 1 1115 136 0. * 1 1730 211 0. " 1 2345 286 0. 
1 0505 62 218. ' 1 1120 137 0. 1 1735 212 0. 1 2350 287 0. 
1 0510 63 184. 1 1125 138 0. 1 1740 213 0. * 1 2355 288 0. 
1 0515 61 158. * 1 1130 139 0. * 1 1745 214 0. * 2 WW 289 0. 
1 0520 65 135. * 1 1135 140 0. * 1 1750 215 
1 0525 66 115. * 1 1140 141 0. * 1 1755 216 2 0010 291 0. 
1 0530 67 99. 1 1145 142 0. * 1 1800 217 2 0015 292 0. 
1 0535 68 86. * 1 1150 143 
1 0540 69 77. * 1 1155 144 
1 0545 70 68. 1 1200 145 
1 0550 71 M). * 1 1205 146 
1 0555 n 53. 1 1210 147 0. * 1 2 0040 297 0. 
1 0600 73 47. * 1 1215 148 0. * 1 0. * 2 0045 298 0. 
1 0605 74 42. * 1 1220 149 0. * 2 0050 299 0. 
1 0610 75 37. * 1 1225 150 

* 

PEAK FLDY TIME 
(CFS) (HR) 6-HR 

819. 4.25 (CFS) 144. 
(INCHES) 1.076 
(AC-FT) 71. 



HYDROGRAPH AT STATION ADO 

SUI OF 2 HYDROGRAPHS 

* ~Ht*t.tt~**~*t~*t.t."t~ttttHt**t*Hn*HntHt~tlilitHH~~ttf*H~ttm~t~~~XXtttt~t~~I*ttNNtttt*-tHtt**tHHttttt.~~~* 

* * * 
DA MON HRMN OR0 FLW * OA MON HRMN OR0 FLOU " OA WN HRMN OR0 FLOU * OA llMl HRMN OR0 FLOU 

t * 
1 0000 1 0. * 1 0615 76 39. * 1 1230 151 0. * 1 1845 226 0. 

1 0005 2 0. * 1 0620 77 34. * 1 1235 152 0. * 1 1850 227 0. 

1 0010 3 1. * 1 0625 78 28. * 1 1240 153 0. 1 1855 228 0. 
1 0015 4 1. ' 1 0630 79 26. * 1 1245 154 0. * 1 1904 229 0. 

1 0020 5 2. * 1 0635 80 23. * 1 1250 155 * 1 1W5 230 0. 
1 0025 6 4. * 1 0640 81 20. * 1 1255 156 1 1910 231 0. 

1 0030 7 5. * 1 0645 82 18. * 1 1300 157 0. 

1 0035 8 6. * 1 0650 83 15. * 1 1305 1 1920 233 0. 

1 0040 9 8. * 1 0655 84 13. * 1 1310 1 1925 234 0. 

1 0045 10 9. 1 0700 85 0. 

1 0050 11 10. * 1 0705 86 0. 

1 0055 12 12. * 1 0710 87 1940 237 0. 

1 0100 13 13. * 1 0715 88 0. 1 1945 238 0. 

1 0105 14 14. * 1 0720 89 0. * 1 1950 239 0. 

1 0110 15 15. * 1 0725 90 0. 1 1955 240 0. 

1 0115 16 16. ' 1 0730 91 0. 1 2000 241 0. 

1 0120 17 16. ' 1 0735 92 0. * 1 2005 242 0. 

1 0125 18 17. * 1 0740 93 0. 1 2010 243 0. 

1 0130 19 17. * 1 0745 94 0. " 1 2015 244 0. 

1 0135 20 18. * 1 0750 95 0. * 1 2020 245 0. 

1 0140 21 la. * OE5 0. 1 2025 246 0. 
1 0145 22 19. 1 0800 1 1415 172 0. * 1 2030 247 0. 

1 0150 23 19. I 1 wp 1 1420 173 0. 1 2035 248 0. 

1 0155 24 79. * 1 @$o 1 1425 174 0. * 1 2040 249 0. 

1 0200 25 19. * 1 oG% * 1 1430175 0. 1 2045 250 0. 

1 0205 26 19. * I 0820 1 1435 176 
0. + 1 2050 251 0. 

1 0210 27 19. 1 0825 1 1440 177 0. 1 2055 252 0. 

1 0215 28 19. * D830 
0. * 1 1445 178 0. 1 2100 253 0. 

1 0220 29 19. * 1 0835 104 0. * 1 1450 179 0. * 1 2105 254 0. 

1 0225 30 19. ' 1 0840 105 0. * 1 1455 180 0. * 1 2110 255 0. 

1 0230 31 20. * 1 0845 106 0. * 1 1500 181 0. * 1 2115 256 0. 

1 0235 32 20. * 1 0850 107 0. * 1 1505 182 0. * 1 2120 257 0. 
1 0240 33 21. ' 1 0855 108 0. 1 1510 183 0. 1 2125 258 0. 

1 0245 34 22. * 1 0900 109 0. * 1 1515 184 0. * 1 2130 259 0. 

1 0250 35 23. * 1 0905 110 0. * 1 1520 185 0. * 1 2135 260 0. 

1 0255 36 24. * 1 0910 111 0. * 1 1525 186 0. 1 2140 261 0. 

1 0300 37 25. * 1 0915 112 0. 1 1530 187 0. * 1 2145 262 0. 

1 0305 38 27. * 1 0920 113 0. * 1 1535 188 0. * 1 2150 263 0. 

1 0310 39 29. * 1 0925 114 0. 1 1540 189 0. 1 2155 264 0. 

1 0315 40 32. 1 0930 135 0. * 1 1545 190 0. 1 2200 265 0. 

1 0320 41 38. * 1 0935 116 0. * 1 1550 191 0. * 1 2205 266 0. 
1 0325 42 47. * 1 0940 117 0. * 1 1555 192 0. 1 2210 267 0. 

1 0330 43 60. * 1 0945 118 0. " 1 1600 193 0. 1 2215 26E i. 

1 0335 44 81. * 1 0950 119 0. * 1 1605 194 0. 1 2220 269 0. 
1 0340 45 121. - 1 0955 120 0. * 1 1610 195 0. 1 2225 270 0. 

1 0345 46 190. * 1 1000 121 0. * 1 1615 196 0. * 1 2230 271 C. 

1 0350 47 287. * 1 1005 122 0. * 1 1620 197 0. * 1 2235 272 0. 

1 0355 48 432. * 1 1010 123 0. * 1 1625 198 0. * 1 2240 2 D  C. 
1 0400 49 625. * 1 1015 124 0. * 1 1630 199 0. * 1 2245 27L C. 

1 0405 50 830. 1 1020 125 0. * 1 1635 200 0. * 1 2250 275 C .  



2255 276 
2300 277 
2305 278 
2310 279 
2315 280 
2320 281 
2325 282 
2330 283 
2335 284 
2340 285 
2345 286 
2350 287 
2355 288 
WOO 289 
0005 290 
0010 291 
Wl5 292 
0020 293 
0025 294 
0030 2% 
0035 296 
0040 297 
0045 298 
0050 299 
0055 300 

PCkK FLW TIME 

(CFSI (HR) 
1028. 4.25 (CFS) 

(INCHES) 1.347 
(AC-FT) 





1 1640 201 0. * 1 
1 1645 202 0. * 1 

1 1650 203 0. * 1 

1 1655 204 0. * 1 
1 imo 20s 0. * 1 
1 1705 206 0. * 1 
1 1 7 1 0 2 0 7  0. * 1 
1 1 7 1 5 2 0 8  0. * 1 
1 1720 209 0. * 1 

1 1725 210 0. * 1 
1 1730 211 0. * 1 
1 1735 212 0. * 1 
1 1740 213 0. * 1 
1 1745 214 0. * 2 
1 1750 215 0 a;,,:, .:. e 2 .:: .... 
1 1755 216 L&,GFs 2 .,:. ... 
1 1800 217 ,iiii;i;" 6; * 2 
1 1 5  2 8  : *  2 

:Ii' ::. *:/:: .:; islo *,>*>'.::' -, 
7 . -  Wk ; ,  ' :  2 

o. ':>+:, -!; ;!2. ..., .... 
*!j;=2:? 

0. 2 
0. * 2 
0. * 2 
0. * 2 

0. * 2 
* 

PEAK F L W  TIME 

(CFS) (HR) 6-HR 

1346. 4.25 [CFS) 236. 
( INCHES) 1.767 

(AC-FT) 117. 



HYDROGRAPH AT STATION ADO 
SUM OF 2 HYDROGRAPHS 

.Hmttt.~.t.tttt*~*~ttttttt*t..*t~tttttttttttt~*~***~**nn***~ttt*t~*~*t~~-***tttttmtt****t*****X******ttx1*t*ttt**.****** 

t * * 
01. KOW HRMN OR0 FLOU * OA MON HRMN OR0 F L W  * OA KON HRHN MID FLOW OA MON HRMll MI0 FLOW 

* . 
1 0000 1 0. * 1 0615 76 55. * 1 1230 151 0. * 1 1845 226 0. 
1 0005 2 0. * 1 0620 77 47. * 1 1235 152 0. 1 1850 227 0. 
1 0010 3 1. * 1 0625 78 40. * 1 1240 153 0. * 1 1855 228 0. 

1 0015 4 2. 1 0630 79 33. * 1 1245 154 0. * 1 1900 229 0. 
1 0020 5 3. * 1 0635 80 28. * 1 1250 155 O:,+. * 1 1905 230 0. 
1 0025 6 5. 1 0640 81 25. 1 1255 156 4 .  .:;:. 1 1910 231 0. @; ,:!!i* 

1 0030 7 7. 1 0645 82 2 1 1300 157 ,iiiii;'~( 1 1915 232 0. 

1 0035 8 9. * 1 0650 83 19. * 1 3 0 5  8 ,::. * .,:. s;::, ..:, 1 1920 233 0. 

1 0040 9 11. * 1 0655 84 16. * 1 1 0  5 ) ' ,  1 1925 234 0. 
1 0045 10 13. * 1 0700 85 1 1930 235 0. o- .:!:*$ .::<:.. 

1 0050 11 
*::, ,,<::: 

14. * 1 0705 86 0. 1 15'35 236 0. 

1 0055 12 16. 1 0710 87 0. * 1 1940 237 0. 

1 0100 13 18. 1 0715 88 0. 1 1945 238 0. 

1 0105 14 19. * 1 OR0 89 0. * 1 1950 239 0. 

1 0110 15 20. * 1 OR5 90 0. * 1 1955 240 0. 

1 0115 16 21. * 1 0730 91 0. " 1 2000 241 0. 

1 0120 17 22. * 1 0735 92 0. * 1 2005 242 0. 

1 0125 18 23. * 1 0740 93 0. * 1 2010 243 0. 

1 0130 19 24. * 1 0745 94 0. 1 2015 244 0. 

1 0135 20 24. * 1 0. * 1 2020 245 0. 

1 0140 21 25. 1 0. * 1 2025 246 0. 

1 0145 22 25. 1 0. * 1 2030 247 0. 

1 0150 23 26. * 1 1 1420 173 0. * 1 2035 248 0. 

1 0155 24 Z6. * 1 1425174  0. * 1 2040 249 0. 
1 0200 25 

26. " * 1 1430175 0. * 1 2045 250 0. 
1 0205 26 * 1 1435 176 0. * 1 2050 251 0. 

1 0210 27 26. 1 0. * 1 2055 252 0. 

1 0215 28 26. * 1 0830 1 1. * 1 1445 178 0. 1 2100 253 0. 

1 0220 29 26. 1 0835 104 0. 1 1450 179 0. 1 2105 254 0. 

1 0225 30 27. * 1 0840 105 0. * 1 1455 180 0. 1 2110 255 0. 

1 0230 31 27. * 1 0845 106 0. * 1 1500 181 0. * 1 2115 256 0. 

1 0235 32 28. 1 0850 107 0. * 1 1505 182 0. * 1 2120 257 0. 
1 0240 33 29. * 1 0855 108 0. * 1 1510 183 0. * 1 2125 258 0. 

1 0245 34 30. * 1 0900 109 0. * 1 1515 184 0. * 1 2130 259 0. 

1 0250 35 31. * 1 0905 110 0. * 1 1520 185 0. * 1 2135 260 0. 

1 0255 36 33. * 1 0910' 111 0. * 1 1525 186 0. 1 2140 261 0. 

1 0300 37 36. * 1 0915 112 0. * 1 1530 187 0. 1 2145 262 0. 

1 0305 38 39. 1 0920 113 0. 1 1535 188 0. 1 2150 263 0. 

1 0310 39 43. 1 0925 114 0. * 1 1540 189 0. * 1 2155 264 0. 

1 0315 40 49. * 1 0930 115 0. * 1 1545 190 0. * 1 2200 265 0. 

1 0320 41 57. 1 0935 1'16 0. 1 1550 191 0. * 1 2205 266 0. 
1 0325 42 74. * 1 0940 117 0. * 1 1555 192 0. * 1 2210 267 0. 

1 0330 43 98. 1 0945 118 0. * 1 1600 193 0. * 1 2215 268 0. 

1 0335 44 139. * 1 0950 119 0. * 1 1605 194 0. * 1 2220 269 0. 

1 0340 45 216. ' 1 0955 120 0. 1 1610 195 0. 1 2225 270 0. 

? 0345 46 330. * 1 1000 121 0. * 1 1615 196 0. * 1 2230 271 0. 

1 0350 47 491. * 1 1005 122 0. 1 1620 197 0. 1 2235 272 0. 

1 0355 48 715. 1 1010 123 0. 1 1625 198 0. * 1 2240 273 0. 

i 0400 4B 999. 1 1015 124 0. 1 1630 199 0. * 1 2245 274 0. 

: 0-05 50 1272. * 1 1020 125 0. * 1 1635 200 0. 1 2250 275 0. 



1 0410 51 1471. 1 1025 126 0. 1 1640 201 0. * 1 2255 276 0. 
1 0415 52 1544. ' 1 1030 127 0. * 1 1645 202 0. * 1 2300 277 0. 
1 0420 53 1511. ' 1 1035 128 0. 1 1650 203 0. * 1 2305 278 0. 
1 0425 54 1404. ' 1 1040 129 0. * 1 1655 204 0. * 1 2310 279 0. 
1 0430 55 1252. ' 1 1045 130 0. " 1 i n 0  205 0. * 1 2315 280 0. 
1 0435 56 1089. 1 1050 131 0. 1 1705 206 0. * 1 2320 281 0. 
1 0440 57 934. + 1 1055 132 0. 1 17J0 207 0. * 1 2325 282 0. 

1 0445 58 787. 1 1100 133 0. " 1 1715 208 0. 1 2330 283 0. 
1 0450 59 658. * 1 1105 134 0. * 1 1720 2W 0. * 1 2?i35 284 0. 

1 0455 60 555. * 1 1110 135 0. * 1 1725 210 0. * 1 2340 285 0. 
1 MOO 61 465. 1 1115 136 0. * 1 1730 211 0. * 1 2345 286 0. 
1 OM5 62 393. 1 1120 137 0. * 1 1735 212 0. * 1 2350 287 0. 

1 0510 63 329. * 1 1125 138 0. * 1 1740 213 0. * 1 2355 288 0. 
1 0515 64 2TB. * 1 1130 139 0. * 1 1745 214 0. * 2 0000 UIP 0. 

1 0520 65 236. * 1 1135 140 0. * 1 1750 215 * 2 0005 290 0. 
1 0525 66 200. * 1 1140 141 0. 1 1755 216 2 0010 291 0. 
1 0530 67 172. " 1 1145 142 0. " 1 1800 217 0. 
1 0535 68 150. * 1 1150 143 0. 1 1805 0. 
1 0540 69 130. 1 1155 144 0. * 1 1810 0. 

1 0545 70 113. * 1 1200 145 0. 
1 M50 71 99. * 1 1205 146 0. 
1 0555 72 88. 1 1210 147 0 . 1  1 0040 297 0. 
1 0600 73 79. * 1 1215 148 0. * 2 0045 298 0. 

1 0605 74 71. ' 1 1220 149 0. * 2 0050 299 0. 
1 0610 75 63. 1 1225 150 0. 2 0055 300 0. . 

PEAK FLW TIME 

(CFS) (HR) 

1544. 4.25 (CFS) 

CINCHES) 2.033 
(AC-FT) 



HYDROGRAPH AT STATION ADO 
S4U4 OF 2 HYDRffiRAPHS 

".mtmt.~*~***tt***tt**ttt*t**t4*****~*t*nr*mm~*~*mm~WC*~~~t*-******t*-f***t*f~- 

* t 1 

DA MON HRMU OR0 FLOU * OA MON HRMN OR0 FLOW * DA MOM HRMN OR0 FLW DA WN HRMN OR0 FLMI . t * 
1 0000 1 0. * 1 6615 76 62. 1 1230 151 0. * 1 1845 226 0. 

1 0005 2 0. * 1 0620 77 53. 1 1235 152 0. * 1 1850 227 0. 

1 0010 3 1 . '  1 0625 78 45. 1 1240 153 0 .  * 1 1855 228 0. 

1 0015 4 2. 1 0630 79 37. * 1 1245 154 0. * 1 1900 229 0. 

1 0020 5 b. * 1 0635 80 31. * 1 1250 155 O..;.~ * 1 1905 230 0. 

1 0025 6 6. * 1 0640 81 26. * 1 1255 156 
@f?!i;> ..:' 1 1910 231 ... ' ,::. ... 0. 

1 0030 7 8. * 1 0645 82 23. * 1 1300 157 ,:$! 4:,"',,, 1 1915 232 0. 
::. + 

1 0035 8 10. * 1 0650 83 20. * 1 1305 158 .:;. .;;" .::. .::, ?;:. oh;,, .::,. * 1 1920 233 0. 

1 0040 9 12. 1 0655 84 18. 1 3 1 0  1 5 , ' .  ,;:. _. ... ... 1 1925 234 0. 

1 0045 10 14. * 1 0700 85 15. * 1 1315 ,;%O.%i' 0. ':$:. ..:. *':c:;::, 1 .... ... ..,. .... 1930 235 0. -.. :>, 

1 0050 11 16. * 1 0705 86 13. * 1 0. "ii;. ..... .a 1935 0. 

1 0055 12 18. * 1 0710 87 11- * 1 0. * 1 1940 237 0. 

1 0100 13 20. * 1 0715 88 10. * 1 0. * 1 1945 238 0. 

1 0105 14 21. * 1 0720 89 0. * 1 1950 239 0. 

1 0110 15 23. * 1 OR5 90 0. * 1 1955 240 0. 

1 0115 16 24. 1 0730 91 0. 1 2000 241 0. 

1 0120 17 25. * 1 0735 92 0. * 1 2005 242 0. 
1 0125 18 26. * 1 0740 93 0. * 1 2010 243 0. 

1 0130 19 26. 1 0745 94 0. 1 2015 244 0. 

1 0135 20 27. * 1 0. * 1 2020 245 0. 

1 0140 21 28. * 1 0755 0. * 1 2025 246 0. 

1 0145 22 28. * 1 0. * 1 2030 247 0. 

1 0150 23 29. * 1 1 1420 173 0. 1 2035 248 0. 

1 0155 24 29, * 1 1 1425 174 0. * 1 2040 249 0. 
29. . 1 1 0200 25 * 1 1430 175 0. * 1 2045 250 0. 

1 0205 26 29. - 1 * 1 1435 176 0. * 1 2050 251 0. 

1 0210 27 
29. * . * 1 1440 177 0. * 1 2055 252 0. 

1 0215 28 29. 1 0830 1 . * 1 1445 178 0. * 1 2100 253 0. 

1 0220 29 29. 1 0835 104 0. 1 1450 179 0. * 1 2105 254 0. 

1 0225 30 30. + 1 0840 105 0, * 1 1455 180 0. 1 2110 255 0. 

1 0230 31 30. * 1 0845 106 0. * 1 1500 181 0. * 1 2115 256 0. 

1 0235 32 31. ' 1 0850 107 0. * 1 1505 182 0. * 1 2120 257 0. 

1 0240 33 33. 1 a855 108 0. * 1 1510 183 0. * 1 2125 258 0. 

1 0245 34 34. * 1 0900 109 0. * 1 1515 184 0. * 1 2130 259 0. 

1 0250 35 36. * 1 0905 110 0. + 1 1520 185 0. 1 2135 260 0. 

1 0255 36 38. 1 W10 111 0. * 1 1525 186 0. * 1 2140 261 0. 

1 0300 37 41. ' 1 W15 112 0. * 1 1530 187 0. * 1 2145 262 0. 

1 0305 38 44. 1 0920 113 0. * 1 1535 188 0. * 1 2150 263 0. 

1 0310 39 49. * 1 0925 114 0. * 1 1540 189 0. * 1 2155 264 0. 

1 0315 40 54. 1 0930 115 0. * 1 1545 190 0. * 1 2200 265 0. 

1 0320 41 65. * 1 0935 116 0. * 1 1550 191 0. * 1 2205 266 0. 

1 0325 42 86. * 1 0940 117 0. * 1 1555 192 0. * 1 2210 267 0. 

1 0330 43 118. 1 0945 118 0. * 1 1600 193 0. * 1 2215 268 0. 

1 0335 44 17L. . 1 0950 119 0. * 1 1605 194 0. 1 2220 269 0. 

1 0340 45 265. * 1 0955 120 0. * 1 1610 195 0. * 1 2225 270 0. 
1 0315 46 402. 1 1000 121 0. 1 1615 196 0. * 1 2230 271 0. 

1 0350 L7 590. 1 1005 122 0. * 1 1620 197 0. * 1 2235 272 0. 

1 0355 48 865. 1 1010 123 0. * 1 1625 198 0. 1 2240 273 0. 

1 OLOO 49 1157. . 1015 124 0. * 1 1630 199 0. 1 2245 274 0. 
1 0105 50 1465. - 1020 125 0. * 1 1635 200 0. 1 2250 275 0. 



1 0410 51 1685. " 1 1025 126 0. * 1 1640 201 0. * 1 2255 276 0. 
1 0415 52 1769. 1 1030 127 0. * 1 1655 202 0. 1 2300 277 0. 

1 0420 53 1723. ' 1 1035 128 0. * 1 1650 203 0. * 1 2305 278 0. 
1 0625 54 1594. * 1 1040 129 0. * 1 1655 204 0. * 1 2310 279 0. 
I 0630 55 1425. * 1 1045 136 0. * 1 1700 205 0. * 1 2315 280 0. 
1 0435 56 1241. * 1 1050 131 0. * 1 1705 206 0. 1 2320 281 0. 
1 0440 57 1066. * 1 1055 132 0. * 1 1710 207 0. 1 2325 282 0. 

1 0445 58 907. 1 1100 133 0. * 1 1715 208 0. * 1 2330 283 0. 
1 0450 59 762. 1 1105 134 0. * 1 1720 209 0. * 1 2335 284 0. 
1 0455 60 637. 1 1110 135 0. * 1 1725 210 0. * 1 2340 285 0. 
1 0500 61 536. * 1 1115 136 0. * 1 '1730 211 0. * 1 2345 286 0. 
1 0505 62 449. * 1 1120 137 0. * 1 1735 212 0. * 1 2350 287 0. 
1 0510 63 378. * 1 1125 138 0. * 1 1740 213 0. * 1 2355 288 0. 

1 0515 64 317. ' 1 1130 139 0. * 1 1745 214 0. * 2 WOO 289 0. 
1 0520 65 269. 1 1135 140 0. " 1 1750 215 0. ;,;, * 2 0005 290 0. 

1 0525 66 
,:...:::, 

229. 1 1140 141 0. * 1 1755 216 Q * 2 0010 291 
,:!? ,:;:. 

0. 
1 0530 67 195. 1 1145 142 0. " 1 1800 217 ,:- c i ;  O : =  ' 2 0015 292 0. 
1 0535 68 169. 1 1150 143 0. * 1 1 8  218 0 * 2 0020 293 ... ... ,?=. ..*. 0. 
1 0540 69 148. * 1 1155 144 0. . 1 islo zlq,_ ,;. !ai. .::::. ;;i:'r 0% '*i,;. 0025 294 ... ',, " ... ':!: 0. 
1 0545 70 129. * 1 1200 145 0. . 1 1815 $o,:!:? a. .:?!::.* ,:t8:, '!$:: ':;;$:, 2 0030 295 0. 
1 0550 71 112. * 1 1205 146 0. * 1 0. . 0035 ,796 0. 
1 0555 72 98. * 1 1210 147 0. * 2 0040 297 0. 
1 MOO 73 88. 1 1215 148 0 . 1  1 0. 2 0045 298 0. 

1 0605 74 79. 1 1220 149 0. * 2 0050 2W 0. 
1 0610 75 70. + 1 1225 150 0. * 2 0055 300 0. . * 

'~.**~.t*t*****t****.~******.trtw* ********t*****+**L-t*t*tt************w*~ 

PEAK FLW TIME 

(CFS) (HR) 6-HR 
1769. 4.25 (CFS) 312. 

( INCHES) 2.336 
( A t - F T )  154. 

CUWLATIVE AREA = 



Casandro Wash 2-year Flood Hydrograph 
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Casandro Wash 5-year Flood Hydrograph 
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Casandro Wash 1 0-year Flood Hydograph 
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Casandro Wash 50-year Flood Hydrograph 
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Casandro Wash 25-year Flood Hydrograph 
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Casandro Wash 100-year Flood Hydrograph 
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.3::, 
<:? .... ... .... 
.:i ,!!: ... ... 

125 0 7  125 5.29 237.09 24 53.5 29 
250 0.97 250 6.39 235.50 39 66.4 29 
375 1.16 375 7.15 237.18 52 75.8 29 
500 1.30 500 7-90 236.18 63 
625 1.41 625 8.64 237.25 72 78.6 29 
750 1.52 750 9.28 237.65 81 

3.18 5.00 

Rad Vel, U* Conc. Conc. Conc. Conc. Conc. Cmc. Conc. Conc. Cono. Conc. 
(ft) (ffls) ( d d ~ )  ( W ~ Y )  (Wdy) ( W ~ Y )  (tnldy) ( W ~ Y )  ( d d ~ )  Wdy) (ddy) Wdy) 

125 0.73 0.744 10939 6976 4791 3814 3060 1724 762 725 641 351 
250 0.97 0.857 26858 16872 11439 9072 7279 3936 I503 1634 1633 I415 
375 1.14 0.933 45786 28457 19109 15086 12057 6351 2177 2487 2591 2544 
500 1.33 1.005 67277 41415 27645 21744 17319 8912 2722 3214 3440 3638 
625 1.51 1.075 92366 56318 37336 29234 23174 11685 3203 3872 4220 4684 
750 1.68 1.135 118953 72001 47473 37035 29240 14514 3627 4451 4908 5614 
875 1.84 1187 146910 88395 58013 45114 35494 17399 4009 4974 5531 6460 
1000 1-99 1.233 176032 105387 68891 53426 41904 20327 4354 5448 6096 7232 
1125 2.14 1.270 202391 120907 78923 61151 47919 23063 4609 5807 6530 7837 
1250 2.27 1.311 234613 139507 90706 70086 54744 26138 4926 6238 7043 8536 
1375 2.39 1.349 267613 158492 102698 79161 61657 29234 5217 6636 7516 9183 
IS00 2.52 1.385 301655 178002 114976 88427 68694 32368 5489 7008 7959 9789 

SEDIMENT 
DISCHARGE 

(todday) 
3418 ,, 

8142 
13549 
19511 
26246 
33268 
40555 
48062 
54959 
63082 
71343 
79798 



68 F) = ' 2E-05 Ib-dAA2 

IE-05 W2h 

A CHANNEL 
125 0.83 125 4.08 115.38 31 59.7 29 
250 1.16 250 4.76 105.41 52 75.8 29 
375 1.37 375 5.41 98.45 69 78.5 29 
500 1.56 500 5.93 91.92 84 
625 7 625 6.38 88.01 98 79.6 29 

875 2.05 875 7.10 81.81 123 
1000 2.20 1000 7.37 78.44 136 81.0 
1125 2.34 1125 7.69 77.70 146 81.4 
1250 2.48 I250 7.92 75.29 158 81.8 
1375 2.60 1375 8.18 7419 168 

dm(mm) 0.13 0.25 3.18 3.00 

w (Ws) 0.24 0.3 

Q Hydr Shear Sed. Sed. Sed. Sed. Sed. Sed. 
Rad Vel, U* Conc. Conc. Conc. Conc Conc. Conc. Conc. 
(fi) ( )  W ~ Y )  (WdY) 

I25 0.84 0.560 3207 2295 1771 1508 1298 713 
250 1.14 0.621 7072 5060 3908 3364 2959 1627 476 
375 1.45 0.678 l l 5 l l  8225 6348 5495 4889 2662 695 
500 1.75 0720 15827 11324 8758 7618 6833 3686 855 93 8 927 740 
625 2.02 0.757 20519 14673 11349 9893 8911 4769 1002 1150 1182 1071 
750 2.28 0.779 24105 17314 13457 11787 10689 5694 1088 1284 1350 1306 
875 251 0.812 29873 21368 16546 14474 13115 6939 I235 1494 1602 1647 
1000 2 73 0.831 33903 24304 18869 16549 15052 7938 1314 1615 1754 1866 
1125 2.94 0.857 39617 28328 21944 19231 17483 9176 1430 1785 1962 2154 
1250 3.14 0.873 43849 31401 24368 21394 19497 10209 I500 1893 2097 2350 
1375 3.33 0892 49173 35179 27281 23951 21835 11397 1589 2024 2259 2584 
IS00 3 52 0908 54013 38667 29982 26341 24040 12519 1662 2134 2397 2783 

6170 
7988 
9465 
11618 
13239 
15375 
1706 1 
19080 
20955 





100-Year Flood 
Sediment Rate Sediment Yield Volume 



:<-. ':!::, 

As a check on t h i s  ca lcu la t ion ,  i t  i s  .,::, .ugaF1~li~,,f8~,,,apply .Jz::. the weighting 
.::. .::. ... '%:. ." 

r e l a t i o n s h i p  (Equation 3.2) w i t h  t h e  corresppd@hg 2P .,!:. ~ a t e & i ~ : . d f ~ ~ h a r g e  .::. ::. hydrographs 

and compare the calculated value t o  t h e  ,&a$ .... a,@dhal wate$+'delivery as deter- .... ... .:,:, ,:i:. ,::? 

mined from stream gaging data. I n  an arl&;:;ii:of.,$emi-arid .... area, di f ferences i n  
..//;:, ':!:. $ 

these two estimates o f  long- term mea6ii"%wg,al ~ & $ 8 k ~ ; ; , ~ i e l  .... d may re f1  e c t  numerical z 
.... / / .  yjiii,,, "s::!;i: ::,. ::: i 

e r r s r s  r e s u l t i n g  from the trapezoi8e~'$,ru'tta;s?'."~p~~&'imation. :c ... A1 te rna t ive ly ,  i t  
!, 'j, .:: ....;; .. 2 

may r e f l e c t  an inadeqilate re~8~~d.:iklen~li',,ii6.$~F&$sured . . . . .  data or  inaaequate hydro- ... .>:. 
i 

l o g i c a l  analysis i n  devel,,i~~~~~~f~tur;li!ij;,&riod .. hydrographs. I n  a more humid 
............. ,d :J:' :i ,:P 

enviromnent, these same "~$$6g0r?6.,,:~$!i~hii; .::: ..r.. .. .::. . . .  responsible f o r  di f ferences between . . . . . .  
i 

measured and cal ~ u l , ~ ~ ~ , ~ a ' ~ & ~ ' '  i j , e l  d . ! '  Addi t ional  1 y , dif ferences could resul t 
i 

.... //,. .::., .::.. .::>. .... 
from base f lows,ii$~#r"%ri$:;go~ji!~~:,~~eqU~ey . . . . . .  ... ... accounted for i n  the flood-based 

. . . . .  . . . . .  ." .:> >:. .. 
incremental prd&q!?'id:ity .... 2 ~ 1 4 u l a t i o n .  For  a r i d  and semi-arid appl icat ion, 

.::,. .!:. :: .:. 

assuming adequate '"k&&q.d .,$a$th and hydrology, a cor rec t ion  fac tor  f o r  appl i -  
.>2h, s:i$T .:$? 

c a t i o n  to the probabiF4,Xp'weighted sediment de l i very  can be defined as 
..:::. 

where VOLinc i s  mean annual water volume calcuiated from Equation 3.2,  anu 

'OLmeas i s  the mean annual water volume determine0 from gagino s ta t i on  data. 

The square of the r a t i o  i s  taken s ince the re la t i onsh ip  between water and 

sediment discharge i s  propor t ional  t o  water discharge t o  the pover of 1.5 t o  

2.0. Under the assumprion o f  adequate record length and hydrology, the 

c o r r l c t i o n  f o r  numer:cal e r ro rs  ir, evaiuat ion o f  water y i e i d  should be re la-  

t i v e l y  sma!l, say no more than 10 t o  20 percent. Tne marimun value f o r  K 

wauld then be smut 1.5. As a r u l e  o f  thumb, t h i s  v a l ~ ~  snould be assumed i f  



Probable Maximum Flood 



M E M O R A N D U M  CXM HILL 

TO: Steve WakerJPHX 

COPIES: Michael LopezlFCDMC 
Sandy Story/FCDMC 
Peter BinneyIDEN 
Roger Lidquist/CVO 
John LivingstoniRDD 

FROM: Jon FullerffHX 

DATE: January 26, 1994 

SUBJECT: Casandro Wash Probable Maximum 

PROJECT: SWW35441.HY.10 

This memorandum s sign criteria for the Casandro Wash 
Detention Dam, as s Water Resources (ADWR) report 
"Guidelines for the dated May, 1991 
(hereafter, "the AD zes the procedures 
used and the mode at the proposed 
dam site. 

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 
developn~ent, uses of the reservoir, operational procedures, the type of dam, the type of 
<pillway. the slte and foundation geology, the size, slope and material composition and 
configuration of the downstream channel and the distance of the dam from the nearest 
downqtream development. The Casandm Wash Dam will have a spillway crest height of 
ahout 25 feet (total dam height of about 30 feet), a maximum storage capacity of about 
1.50 acre feet (below the spillway), will have increased future residential development 
downqtrearn, will be wed for flood control purposes only, will be uncontrolled, and will 
probably he earthen w~th an overflow emergency spillway. 

1 lie Caandro Wash llain will be classified as a small, significant to high hazard dam by 
AIIWK duc to more than a small number of habitable structures downstream and the 
potential for :~ppreciahlr economic losses downstream. Table 1 of the ADWR Manual 

, ,  \ , i L  i : ,  1 1 ,  ' , , , ~ l l , ~ U I "  
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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. ..:. ..:"'% .>:. . :ii . . . . . .  . . . . . .  ...... 

.*il :ii. 

Spillway Design ~ r i t e r i  
...... ~r., ... 

The spillway design flood recommended by ADWR fd'thgP;criri@sed ~ Z & d r o  Wash Dam 
is the half probable maximum flood (0.5-PMF), given&$Mq,ard and size classification. 
Small dams in the high hazard class are to ha~e~-a:.s~illwa~~that,~asses the 0.5-PMF; small 
dams in the significant hazard class are to hav4:a;;$?lkway drq"$wses the 100-year to 
0.5-PMF, as indicated on Table 3 of the AD- ~&al:;(%&hed). 

$ ::. .;. ......... ,,z,,::? 
; ,  : "'. 

Total freeboard, or the distance  be@+^::^^"^^ <gii.& dam and the spillway crest, is 
determined by the type of dam, the m&wimnm . . .  rn,ter.surface during discharge of the design 
flow (0.5-Pm. wave height and h u b ,  and econ'omic factors. The minimum 
permissible total freeboard ,yill ri 4 feet according to the ADWR 
Manual. 

.:/i .... ... ....... ' 5 ;  '-8;:. 
/ j  / /  

Residual freeboard, or the'ii%$~@ce betheen the maximum water surface during passage of 
the inflow design flood a n d h e  @pG;pfthe dam, must be a minimum of three feet, except 
when the inflow design flood ?&<&~O.~_PMF or greater. For cases when the inflow 
design flood is 0.5-PMF or greater, the residual freeboard may be reduced. 

h b a b l e  Maximum Flood Estimate 

The 0.5-PMF and full PMF (PMF) were estimated using procedures outlined in 
Hydrometerological Report 49 (HMR 49; Probable M u m u m  Precipitation Estimates, 
Colorado Rtver and Great Basin Drainages, US Army Corps of Engineers, September 
1997). The HEC-I 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 LopezlFCDMC 
from Jon FullerICHZM HlLL dated January 26, 1994). 

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

. 1-how PMP of 1 1.5 inches . No elevation adjustment (site < 5,000 feet) . 6-how to 1-hour ratio of 1.32 

(EM#1110-2-1411) . No aerial distribution of the PMP sto 

0.5-PMF was determined by ratioing the full 

"CASHPMFE.HC1"). Computation 
attached to this memorandum. 

of 5,404 is recommendeil for design 

ce elevation (WSEL). The Casandro Wash Dam 
is a high hazard, small d 

Table 1. 
Casandm 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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b TABLE 1. DOWNSTREAM HAZARD POTENTIAL CLASSIFICATION 

No permanent structure for human 
h a b i i o n  

Minimal (undeveloped to -.anal 
structures or agriarlture). 

Nu%iian development 
Than a small number of habitable 

..... ...... 

L High indu*, &@culture). 
,:::? ,<:::::.. .::,,, . . . . . . . . . .  

Because this definilion does not cRe a spedk number cf ries that muld be'lost. sopei!;&$+:@!eeen experienced in determining 
whethv dams should be categorized as having 'sigsficant' or 'high' downdream hazarrt';&#daL Th$iu&!s clarified by emphasizing that 
the downstream hazard potential classification should be based on the density of d.@.~:ideveloprn+"d"d"d&aining hamable 5tNdures. 
For example, darns located upstream of isolated farmhouses wouH be classified as $avif@ s i g K i n t  downstCeam hazard potential, and those 
W e d  upstream of several houses or a residential dweloprnentwouid be classified &Q&g aibigh downstream h a r d  pdential. 

b 
SlZE CLASSlFlCATlON 

Dams are classified into small, medium and large sizes. ......... A :,, ~ & & ~ ~ ' ~ ~ @ p i a c i t y ,  in acre-feet, is measured to the 
numatical rating procedure, based on the descr '""'~~~pil~'yj..@est, or top of the spillway gates if so equipped. 
characteristics of height and reservoir capacity h*" &r dW3 with no spillway, capacity is measured to the 

I .... developed to determine the dam sue classificatio$~~ dam,:*&& ............ .:::/::L. 

b Height is measured from the I gories and corresponding rating factors are 
outside limit of the dam (usually th hown in Table 2 I 

the spillway crest. or top of spillway 
For dams with no spillway, the heig ' cr&ofthe dam. 

I ... b .... :;:. .::. 

TABLE 2. SlZE CIASSIFICATION FETING CATEGORIES 
1 1 

1 

I A numerical rating is computed for each dam by adding have a rating of (3+4= 
the corresponding rating factors for each of the two range 0-2, medium 
categories. For example, a dam that is 65 feet in height dams. 8 or greater. 

: and has a reservoir capacity of 22,000 acre-feet would 
! 

Page 3 



-EQUIRED HYDROLOGIC CRITERIA assigned to the dam. As there are many factors to 
consider in the selection of the magnitude of this flood, it 

Of the and capacity Of an is not the purpose of these guidelines to require a specific 
edsting Or a design study *Or a flood frequency, volume or rainfall depth for each XM a a proposed dam is required to determine the classiiimion. However, Tab,e does provide ranges of 

Of me structure to sate'y pars a flood whose flood magnitudes from which the Inflow Design Flood may 
estabrihed On the of the size and be selected on the basis of the designated hazard 

hazard assigned to potential and size classiiications. These ranges of flood re dam magnihldes generally define the limits acceptable to the 
m e  lnRow Design Flood ODF) for a specific spillway is Department of Water Resources for use as the basis for 
determhed by the runoff hydrogmph selected ~ r i m ~ i y  sizing the spillway. 
n the basis of the size and hazard classifications 

.' -.. .<k, 

TABLE 3. RECOMMENDED SPlL - S17F C;LASSIFICATIOI\L 

Low 

Significant 

High 

Small 
:/& >/j 

Medium :% ,:. :: 5;. 

~:$:, .~. .? ,,iiii 

The flood magnitudes shown in Table 3 are d e m d  from 
rainfall depths for various durations and severities of 
stoms Both general frontal and thunderstorm type 
storms should be studied with due consideration g ~ e n  
tropical storm potential and orographic influences that 
may greatly increase rainfall amounts. 

Recorded rainfall and flood flows in Arizona are rather 
sparse, and the period of record is usually short. 
Consequently, rainfall data are usually obtained trom data 
published by the National Weather Service as listed in the 
References. Synthetic flood hydrographs are then 
developed by modeling the watershed's rainfall/wnoff 
response and employing the unit hydrograph approach. 

The peak inflow rate usually 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 
i t o m  inflow from a large watershed. In this case, the 

? Inflow Design Flood (IDF) peak flow is essentially equal to 
f the peak outflow rate. Conversely, a reservoir that is 

:: 

relatively large compared to contributing watershed will 
usually attenuate the IDF peak; in this case, the spillway 
peak discharge may be considerably less than the IDF 
peak. 

A Spillway capacity less than outlined above will be 
acceptable for: (1) all new dams, (2) exlsting 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 fatlure of the dam are 
insignificant and will not cause loss of 11fe. The analysis 
shall be based upon the dam fallure caused by a flood 
wh~ch just exceeds the routing capacity of the reservoir. 
The result shall be compared to the pre-failure conditions 
such as the sp~llway dtscharge and any reasonable 
ramfall runoff ocnirrtng beiviccn the dam site and the 
point($ of Interest belovi the dam The burden of proof 
rests w~th the owner 



RESERVOlR ROUTING REQUIREMENTS DEFINITIONS 

The adequacy of the spillway for an existing dam is The following definitions may be helpful to those concer- 

U normally determined by routing the Inflow Design Flood ned with the design of an emergency spiltway. The 
through the reservoir and spillway. Flood routings for terminology is largely based on data published by Federal 
spillway capacity determinations will normalh, be required aaencies. - .  - 
t i  commence kith the reservoir storage-level at the IQUYear Flood- The flood runoff whose magnitude is Sd qw e'evatiOn. Ifiwuem exce'iOn would be: expected to be equaled or exceeded, on the average, 

; (1) normal conservation storage level is below the spillway 
once in 100 years Stated another way, it is a flood that 

U 
- Of a without a flood (2) the has a one percent chance of being equaled or exceeded normal upper surface of the conservation pool is limited to 
a level that is coincident with the bottom level of the flood in any one year. 

control pool allocation or (3) the reservoir is used ConmfeeDam- ~ny.;8&n constructed of concrete. Some 
exclusively for flood control and would nomlally be empty. examples are: d c ~ ,  gravity, archgravity, slab and 
Deviations from the normal starting level of routing at the buttress, m ~ l t i ~ e . : ~ a r ~ ~ ,  A dam having only a concrete 

i spillway crest elevation must be considered on the basis facirig shoul~;.$~:'6etef&~ed to as a concrete dam. 
..a. .::. 
'' .i' /L. .::. 

of risk and reservoir operating procedure. ~ ! a ~ @ ' @ a  - ~he'"&&;:that drains naturally to a 

FREEBOARD REQUIREMENTS -An embankment dam in which 

lume is formed of 
ined material obtained from a borrow 

f i i  Darn/ - Any dam constructed of 

line distance. between a dam and the 
ore. The fetch is one of the factors 

heights in a reservoir. 
or snowmelt of significant 

magnitude and often related to a theoretical frequency of 
occurrence. Flood is inflow to the water control structure. 

etermination of the attenuating 
flood passing through a valley, 

channel, or reservoir. 

The minimum residual freeboard for a concrete dam of ffydmgmph - A graphical representation of discharge. 
any type without either a parapet wall or protection stage, or other hydraulic property with respect to time for 
against overpour shall be the same as that of an earthfill a particular point on a stream. (At times the term is 
cr rockfill dam. Concrete dams provided with parapet applied to the phenomenon the graphical representation 
walls exceeding the minimum residual freeboard height, describes: hence a flood hydrograph is the passage of 
or concrete dams provided with adequate splash impact flood discharae Dast the observation ~oint). - .  
protection at the toe need no other residual freeboard 
requirements except those whlch the owner may wish to hflw Des~gn F/ood //DF/ - The reservoir flood lnflow 

- prov~de. whose magnitude has been selected for design require- 
ments based on the size and assigned hazard classitica- 
tion of the dam. The magnitude of the IDF may range from 
the 100-year flood to the PMF. 

Masony 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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events. 1. con t ra s t  t o  f i g u r e  4 .4 ,  f i gu re  
infains a uhm 

I 
these loca t ions .  There is no known 

basis for  a different 

sO1ution. The " M l y s i s  sugges ts  t h a t  i n  
\ 

range on t h e  e a s t .  
maximum pMP occurs between t h e  S i e r r a  

discrete r n x i m ~  (> 10 inches ,  254 
O C C U ~ S  a t  the north end of the 

Sacramento Valley i n  nor thern  
t h e  northrard-flowing moist 

is channeled 
support for this pm 

ter .Ones the Newton, s t o m s  ( f i g .  4.1). *lthough 
the  a m l ~ s i ~  i n  t h i s  region 

of the broad maximum 

tf!r0~8fl the center  of the  
not indicate the  

'ilrcctiOn Of 0 inflow. 
as a result of 

aLtCniPt~ to  t i e   lotted 
i l l f l ~ ~  d i r e c t i o n s ,  



es tab l i sh  the basic  depth-duration curve, then t ructure  a variable s e t  of 
depth-duration curves t o  range of 6 -hr r a t i o s  tha t  a r e  needed. P 

Three s e t s  of data were a base re la t ion  (see 

table  4.3 for  depth-duration data 

a. An average of each of 17 greatest  3-hr 

ra ins  from summer Weather Bureau 1951b) and 

(1940-63) - The 3-hr 
amounts ranged these events. 

b. An the  most extreme short- 

Corps of Engineers 
States  and have 3-hr 

amounts of 5 to 22 inches (127 to  559 mm). 



r a t i o s  than storms with high 3/1-hr r a t i o s .  The geographical d i s t r i b u t i o n  
of 15-min t o  1-hr r a t i o s  a l s o  w e r e  i n v e r s e l y  h magnitudes of 
t h e  6/1-hr r a t i o s  of f i g u r e  4.7. For and San Diego 
(high 611-hr r a t i o s )  ave low 15-min 0.60) 
whereas the  15-min t o  a h r  r a t i o s  i n  
were general ly higher  (approximately 0.75). 

\ 
Depth-duration r e l a t i o n s  then smoothed 

t o  provide a family of f o r  1 
t o  6 hours, a s  shown i n  
curves t o  provide 

We be l i eve  w e  
f igu re  4.3 fo r  
range of 611-hr 
letter 

. . . . . .  
:i;. F. ,:y,::? 

Table 4.4 lists dura t iona  v a r i a t i o n s  in'Bi'k'&&& of 1-hr PMP f o r  se lec ted  
611-hr r a i n  r a t i o s .  Thes v a l u e s  wer.si:i,:$nterpbl&Aed .;:. ...... . . . . . .  from f igure  4.3. ... J .. ". ...... ....... ..... 

.... J 
$ ,.. ..;:; -$>, ':;;:, . . ".ii;;.. "' 

To determine 6-hr PMP f o r  a ba~in,"~~$~":~,$gii~~,~'&~.% (or t a b l e  4.4) and the  
geographical d i s t r i b u  on of 6/1-hr ,:.::- .... :: .-.. ~&t !9S ' ; : .g%w~ ..... i n  f igu re  4.7. .. -. .? :/:r .. 

Table 4.4.--Dura ( 2 - 6 - b 2 )  local-storm PMP 
I 

.... .... .... ...... 
611-hr 
r a t i o  1 2 3 4 5 6 

1.1 

*~=j*"!t=5 

1.5 6 3 8 3  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 
2.0 43 70 87 100 137 161 175 188 200 

4.5 Depth-Area Relation i !  
W e  have thus f a r  developed local-s torm PMP f o r  an area  of 1 m 1 2  (2.6 !a2). 

To apply PMP t o  a bas in ,  we need t o  determine how 1-m12 (2.6-km2) PHP should 
' 1  

decrease with increas ing  a r e a .  W e  have adopted depth-area r e l a t ions  based 1 

on r a i n f a l l s  i n  the  Snuthwest and from cons idera t ion  of a model thunderstorm- 



Figure 4.9. --Adopted depth-area reZations for ZocaZ-storm Pm. 
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(54*1, wll 
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5s I42 
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1% ma 
Figure 4.10.--Idealized 220 570 

loca l - s tom isohyeta l  ?Lm 777 

I I85 997 pattern. 
$40 I295 

mrua rcur 

I U  
1,mmO 

storm period. 
thunderstorm i 
4.7. A small  v 
1110-2-1411 (U. 
column 3 of t a b  
toward the  end 
e i t h e r  of these  d i s t r i b u t i o n s  is l e f t  t o  t h e  u s e r  s i n c e  one may prove to 
b e  more c r i t i c a l  i n  a s p e c i f i c  case  than t h e  o the r .  

Table 4.7.--Time sequence f o r  hourly incremental  PMP i n  6-hr storm 

Increment 

Largest  hourly 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. 

HMR No. 5 l  EM1110-2-1411 2 

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 
L a s t  
F i r s t  
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\ =% 
Rainfall 

RETURN PERIOD (YEARS) 
PARTIAL- DURATION SERIES 

Figure 2.1 4 
Precipitation Depth versus Return Period for Partial-Duration Series 
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~igure 2.1 8 
Area Versus Pattern Number for Marlcopa County 
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S R r 5 - r  

Rainfall 

input into HEC-I, once the size of the drainage area is determined. Figure 217 
illustrates the dimensionless rainfall patterns. Use Figure 218 to select a rainfall 
pattern between 1 to 5 and interpolate as necessary for watershed areas of up to 100 
square miles. Alternatively, programs MCUHPl and MCUHP2can beused for this 
purpose. 

As mentioned earlier, any watershed larger than 100 square miles should be 
analyzed on a case-by-case basis to determine the design rainfall criteria for the 
critical storm event considering watershed size, location, and other factors indud- 

~b I ~ K I ~ A C  

'Pattern represents percent Rainfall Depth. 



Depth-Area Relation 

Table 2.2 
Depth-Area Reduction Factors 

for &Hour Duratlon Ralnfall 

Use the depth-area reduction 14 or Table 2.2 to correct the 

all flood studies in 

local retention/detentionbasinswillbe providedonly for very small drainage areas 
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 aiteria (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 with the rainfall duration and the 
temporal distribution of the general storm. This will need to be performed on a 
casebyaebasisdependingon the purpose of thestudy, locationof the watershed, 
and other meteorological and hydrological factors. 

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

I. Determine the size of the drainage area. 
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Table 4.1 
Surface Retention Loss for 

Various Land Surfaces In Marlcopa County 

Land-use andlor 

Infiltration can be controlled by pprcolptio es not have a sustained 
drainage capacity to provide a(;e'&f9rmo trated water. However, before 
percoGon can be assumed to restrict infiltration for the design rainfalls being 
considered inMaricopaCountir,4heextent by which percolationcan restrictinfiltra- 
tion of rainfall ~houid:~~bttta ?&. SC$ soil scientists have defined 
hydrologic soil g r o u ~ D i @ ~ ~ i i i ;  

.? .::. .. ... .. ,:. .:> .:::, s:, -. .., .. ,.. ... 

''soils having&y&lPw inf3k&tion rates when thoroughly wetted and consist- 
ing chiefly of c l ay%~&:~fb :& high swelling potential, soils with a permanent 
high water table, s~$~,$tba daypan or day layer at or near the surface, and 
shallow soils over nearly impenious material." 

This definition indicates that hydrologic soil groups A, B, or C could be classified 
as D ifa nearimpervious strata of clay, caliche, or mckis beneath them. When these 
soils are considered in regard to long-duration rainfalls (thedesign events for many 
parts of the United States) this definition may be valid. However, when considered 
for short-duration and relatively small design rainfalldepths in Maricopa County, 
this definition could result in underestimation of the rainfall losses. This is because 
evena relatively shallow horizon of soil overlaying an impervious layer still has the 
ability to store a significant amount of infiltrated rainfall. 

For example,consider the situation where only 4inches of soilcoven animpervious 
layer. If the effective porosity is 0.30, then 1.2 inches (4 inches x 0.30) of water can 
beinfiltratedandstored in theshallow soilhorizon. FordesignrainfallsinMaricopa 
County, this represents a s~gruhcant storage volume for inhitrated rainfall and so 
when developing loss rate parameters for areas of Maricopa County that contain 
significant areas classified as hydroloac soil group D, the reason for that classifica- 
tion should be determined. 

. . . . . . . . . . .  ~ . ~ ..... ... ~.~ .... . . . . . . . , .~. 
September 1,1990 
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Recommended Methods for Estimating 
Ralnfall Losses 

The three infiltration parameters are functions of soil characteristics, ground surface 
characteristics, and land management practices. The soil characteristics of interest 
are particle size distribution (soil texture), tter, and bulk density. The 

Characteristics are cover, ground cover,and 
management as various tillages as 

Values of Green of soil characteristics 
alone (bare fiom published reports &wIs 

average values of XKSAT and 
Columns (2lpd ... .... (3) of Table 

usedif 
esused 

.::. ... .... 
In Table 4.2, loamy sand are combiied,:~'l%giparameter;'d'&s that are 
shownin the tableare for1 ThehvdrauU!&$ndU&,yihr lXKSAT)forMnd 

inches. Using those 

sand, then either the Greenand 

sandy day 
silty clay 

day 

Selection of DTHETA: 
Dry = Nonirrigated lands. such as desert and rangeland; 

Normal = irrigated lawn, turf, and permanent pasture; 
Saturated = Irrigated agricultural land. 

0.02 
0.02 
0.01 

9.4 
11.5 
12.4 

0.20 
0.20 
0.15 

0.10 
0.10 
0.05 

0 
0 
0 



Rainfall Losses 

F~gure 4.3 
Composite Values of PSlF and DTHETA as a function of XKSAT 

(To he used for arezweighted averaging of Green and Ampt parameters.) 



Aguila-Carefree Soil Sunrev 
- - - -- - - 

Map % of Control XKSAT, 
~ n t i  Map Horlzon Table 4.2 Inch1 
No. Sail Name USDA Soil Texture Unn Depth, Inches Textural Class hour 

-~ ~p 

29.30 Denure Fine Sandy Loam 40 ' 0-2 Loam 0.34 
Momdi Grave4 Sandy Loam 30 0-10 Sandy Loam 
Carrim Gravelly Sandy Loam ~ - - 20 0-10 Sandy Loam 
Gilman 3.33 Loam 
Maripo 3.33 Sandy Loam 

Caniw 3.33 Loamy Sand 

31.32 Dixaieta Extemely CDbbly Sandy Loam 
RodtOutwp 
Ohaw 
N i i l  
Cave 
Eba 
Gran 

33,34,35 Eba Very Gravdiy Loam 
Piiw 

Pinaleno Sandy Clay Loam 
Sandy Clay Loam 

Anthony 2 5  s a n d y M  
Am0 2.5 Loamy Sand 
Greyeagle 2.5 Sandy Loam 
Ohaw 2.5 Clay Loam 
Nickel 2.5 Sandy Loam 
Pinaleno 2.5 Sandy Clay Loam 

39 UM Very Gmveliy Loam 30 0 3  Sandy Loam 029 
N i !  Gravelly Loam 25 1-10 Sandy Loam 
Cave Loam 25 1-14 Loam 
Atim 4 Loamy Sand 
Pinaleno 4 Sandy Clay Loam 
Sun City 4 Sandy Clay Loam 
Greyeagle 4 Sandy Loam 
Ohaw 4 Clay Loam 

June 1.1942 



Aguila-Carefree Soil Sumey 

Map % of ~ontrol XKSAT, 
unn Map Horizon Table 4.2 Inchl 
No. Soil Name USDA Soll Texture Unn Depth, Inches Textural Class hour 

70,71 Gunsight Very Gravelly Loam 40 0-1 1 sandy Loam 0.36 
Rillto Gravelly Loam 40 0-12 Sandy Loam 
Carrizo 222 Loamy Sand 
Chwkawalla 222 Silt 
Ebon 222 Clay Loam 
Mohall 222 Loam 
Pinamt 222 Silt 
Tremant 
C i  
Antho 

72,73 Lehmans Clay loam 
RodcOutcrop 
Mu, 
Eba 
P i i  

Contine 
Ehon 
P i i t  

sandy clay Loam 
Loamy Sand 

Sand 

75 ~ o h a f ~  coam 80 0-7 ~ o a m  on 
Gilman 5 Loam 
~~eribar 5 Loam i I 

Contine 5 Chy Loam 
Tmmant 5 Sandy Loam 

76 MOW  LO^ 80 0-7 ~ o a m  on 
Conline 3.33 Clay Loam 
Mohall 3.33 Clay Loam 
Tremant 3.33 Sandy Loam 
Antho 3.33 S a n d y W  
EsBeBa 3.33 Loam 
Valenda 3.33 Sandy Loam 

June 1.1992 



Aguila-Carefree Soil Survey 

Map .. 
Unt t  
No. Sol l  Name 

X Of 
- 

Control XKSAT, 
M a p  Hor izon Table 4.2 Inch1 

USDA Sol1 Texture Un i t  Depth, Inches Textural Class hour 
- 

86 Mohave Clay Loam 85 ' 2-15 Clay Loam 0.05 
Anthony 3 sardy Loam 
Gila 3 Loam 
Tres Hermanos 3 Clay Loam 
Mohaw 3 Loam 
Continental 3 Clay 

87 Mohave Clay Loam 45 2-1 1 ..... ,.Clay Loam 
,: ...... 0.04 

Mohave Clay Loam 40 2-5 . . : :  . ,la y Loam ... .::. . . . . . .  
Mohave 15 .F :i;;:, clay ~oam .;. . . . .  . . . . . . . . .  . . . . . . . . . . . .  

88 Mohave Clay Loam 45 a,,fi . :: .;, ,>. ':"4i,;;, thy Loam 0.02 .'"&, 
Guest Clay 40 

.::. ... ...... 
Mohave ...... :,. ... ..... ...... 7.5 .:::.. ;:; ..?... 

.// ::. . .= 
,;: calf nenw 7 5  '8:'i;, .::, ... '?:, ......... .:. .:r .:r ,::. 

.... clay . . . . . . .  .... 
89 Mohave 

.... ..,. .a:. 

Clay Loam .:$$2-f%;:, Clav Loam 0.06 
Tres Hemanos ~ i v e l l y  clay bani 
Alizo 
Antbny 

Momoh Very Gravelly Sandy LPam 45 1SO Loamy Sand 0.93 
Carrim Very Gravelly Sandy Loam 35 0-1 1 Loamy Sard 
Mohall 25  Loam 
Tremant 25  s a n d y m  
Gunsight 2.5 Loamy Sand 
Chuckawalla 2 5 Silt 
Denure 2.5 Sardy Loam 
G~lman 25  Loam 
Maripo 25  
Camzo 

s a n d y h  
25  

93,94 Nidrel Gravelly Loam 50 1-10 Sandv Loam , 
Caw Loam 35 1-14 Loam 
Alizo 3.75 Loamy Sand 
Anthony 3.75 Sandv Loam 
Pinaleno 
Greyeagle 

sandy Clay Loam 
Sandy Loam 

June 1.1992 
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LEGEND 

M SOI1S: ON FLOOD PLAINS AND ALLUVIAL FANS 

re1 and gently sloping. occasionally flooded, very gravelly. sandy soils; on f l d  plal 

(el, rarely flmded. loamy sails; on f lwd  plains and alluvial fans 

M SOILS; ON FAN TERRACES 

nure: Nwdy  level. nongravelly tovery gravelly, loamy and sandy sods; on fan te, 

;;.& 
karty level and gently sloping, loamy and clayey soils; on fan terraces 

Dominantly gently sloping ta maderately steep, gravelly and very grave 

lmt: Dominanny gently sloping to moderately steep, gravelly and very gravelly. IE 

AND DEEP. VERY WARM SOILS; ON FAN TERRACES 

early level and gently sloping. cobbly and nongravelly @very gravelly, c 1 
I 

OW. VERY WARM SOILS. AND ROCK OUTCROP: ON HILL SLOPES A 

Ujrop~uilotosa: Dominantly strongly sloping to steep, very gravelly, loamy soils, an 
lpes and mountain slopes 

S; ON FAN TERRACES AND FLOOD PLAINS 

I-Guest Nearly level and gently sloping, clayey and loamy Mils; on fan terraces z 
$ 

inantly gently sloping to moderately steep. very gravelly, clayey and loamy soils; 
I 

SHALLOW. AND DEEP. WARM SOILS: ON FAN TERRACES 
I 

3 ntal-Nickel: Domtnantly gently sloping to moderately steep. nongravelly and very g 
ails: on fan terraces 

D SHALLOW. WARM SOILS. AND ROCK OUTCROP: ON HILL SLOPES AND MI i 
9-Lehmans: Dominantly moderately steep and steeD, nonnravellv and very aravellv 

ARIZONA AGRICULTURAL EXPERIMENT STATION 

GENERAL SOIL MAP *I 

AGUILA-CAREFREE AREA 
PARTS OF MARICOPA AND PINAL COUNTIE 

ARIZONA 1 

Scale L:'106.880 

? 0 2 4 6 8 ,,,!el 
I1 ,11 I I I I 
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Ground cover, such as grass, litter, and rock will generally increase the infiltration 
rate over that of bare gr , canopy cover-such as from 

The procedures an stimating the Green and Arnpt 
be applicable for bare ground 

e in cornpalison with the hydraulic conduc- 

adjusted for the influences 

Procedures have b 
effects of soil crus 

0 20 40 60 80 100 

Vegetation Cover, % 

Figure 4.3 
Effect of Vegetation Cover on Hydraulic Conductivity 

For Hydraulic Soil Groups 8, C, and D, and for all Sail Textures 
other than Sand and Loamy Sand 
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Unlt Hydrograph Procedures 

Table 5.1 
Equatlon for Estimating Kb in the Tc Equation 

Description 

- 

Kb=mlogA+.b 
Where A is dralnege area, In acres 

A Minimal roughness: Relatively smooth I and/or well graded and uniform land 

I 

surfaces. Surface runoff is sheet flow. 

Equation 

I 

B I Moderately low roughness: Land 
I surfaces have irreaularlv soaced 

I roughness elements that protrude 
from the surface but the overall 
character of the surface is relatively ,: 

uniform. Surface runoff is 
predominately sheet flow around the '':i 

Surface runoff is concentrated in 
numerous short flow paths that are 
often oblique to the main flow 

I direction. 

~. . . . . ~  ~~. ~ , ,  , ~ ~~ ~~~. ~ ......... 

June 1.1992 



0.20 0.20 

0.15 0.15 

0.10 0.10 

0.08 0.08 

0.05 0.05 
0.04 0.04 
0.03 0.03 
0.02 0.02 
0.01 0.01 
0.03 

1 
0.00 

10 

Watershed Surface Area, Acres 

Figure 5.5 
Resistance Coefflclent "Kb" as a Functlon of Watershed SIze and Surface Roughness Characteristics 
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SHz-L-r Za 
Unit Hydrograph Procedures 

MEASURED WATERCOURSE SLOPE, FT/MILE 

Figure 5.4 
Slope Adjustment for Steep Watercourses in Natural Watersheds 

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



Unlt Hydrograph Procedures 

Table 5.2 
Values of the Synthetic Dlmenslonless Time-Area Relatlons 

for the Clark Unlt Hydrograph 

Concentration 

An example of an S-graph from BR, 1987) is shown in 
Figure 5.8. The discha 
and the time scale is 

the rate of resulting 
runoff equals 50 pe ensity of rainfall excess 
is 1 inch per duration of co valent definition of lag 
is the time for 50 

are not consistent with this 
definition 

Ultimate discharge d the rnaxunurn discharge that would be achieved from a 
particular watershed when subjected to a continuous intensity of rainfall excess of 
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M E E T I N G  N O T E S  ~ / - / / L ! L  

PROJECT: 

SUBJECT: 

May 2, 1994 

Casandro Wash Detention Dam 
Value Engineering and Review Board Meeting 

MEETING DATE: April 12, 1994 (8:30 am. to 4:15 p.m.) 
....,. ... . .... 

z:: .... .. :? ... ... ... ... 
LOCATION: Fire Station Meeting Room, ~ i c k ~ & & ,  .. .:: Arizona 

ATTENDEES: 

REVIEW BOARD 
MEMBERS: 

AGENDA: 

HANDOUTS: 

PREPARED BY: 

See Attached List 

Summary 

The purpose of the meetin sent the work accomplished to date on the Casandro 
Wash Detention Dam ard 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 each 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: 

1. The Design Flood--% PMF (5400 cfs), with 3 feet of freeboard; full PMF 
(10,900 cfs) without overtopping the dam, with just a few inche\ of 
freeboard. 
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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 &&age ... ... area is fully 
,:? ... 

developed to the present zoning regulations ... .::. .:: ... ... .;> ... ... ... ... ... .. ... .. ... ... .:> ... .. .:. 

ft/yr). This storage of 2 ac-ft will be 

ervoir is empty at the start 
of the flood. 

and 2163 because of ints. Construct wide flat 
the low spot (only about 2 or 3 feet 
uttress the area around the house. 

from the slope around the house. 
' cm/sec, and foundation 
ction is about 38 to 40 

expected to be small. 

there is a remote chance that the reservoir will remain full long enough for 
steady state seepage to develop. So, leave the chimney drain 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--Assume 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 w~ll  be 
backfilled with concrete or a pourable backfill. Seepage collar5 
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perpendicular to the pipe centerline may be excavated and poured against 
undisturbed ground. A drainage backfii may be used for the downstream 30 
to 50 feet of the outlet pipe. 

9. Maintenance Access-Provide truck 
sediment, to each abutment for m 
downstream toe for repair after severe 

10. HorseMotorbiie Access--Access thro 
traffic will be allowed via maintenanc 

11. Fencing--Delay final decision , but consider fencing 
around the spillway and outlet 

.:: .: ...... 

12. Relocation of Sewer Pipe--Develop ~ E q & ~ : ~ e x c a v a t i o n  to leave as much of 
the sewer pipe undisturb&$?;$he &&g+'oir as possible but still excavate the 
required embankmes i f~~ i i f&~~&~~: ,&  '>provide the needed flood storage, 
Relocate/replace ~ i i b ~ 9 i i i ~ j ~ ~ ~ u n d ~ ? ~ ~ & h ,  so pipe is not interfering with the 
foundation exG&v@&nqf . h e  .i/i daMor the excavation of the stilting basin. 
Sewer pipe .:*. , : ~ 6 ~ w ~ , , , ~ E ~ ~ ~ o r i ~ e ~ :  .::. ... encased under the embankment. 

7r .::. . . . . . . . .  .;;. .:: i:. ", ... .: ..... ? .. . . . . .  . . . . .  
.:iv .iE ' ?  / /  

13. ~ ~ i l l w a ~ ' ~ ~ & ~ e - - ~ u r t l r e r  develop the spillway ennance as an ogee crest to 
pass the ~'''&~hii.f&::P;MF. Check the width reduction of the entrance, 
entrance coeffi&$ii:&c., 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 consauction materials. Consider soil cement 
(CSA or RCC) using onsite materials with a strength of about 2000 psi. 
Consider constructing 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 d~scuss 
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, l i e d  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 fill. Discuss with City about supply that 
may be available as wdl  as preferred timing for construction or storage 
requirements. 

..=::. ... li, ... ... 
17. Waste Material--Assume waste excavation ma&&al may be placed 

.> . 
downstream of dam, probably on right ab gi downstream from 
house. Client should review potentid for a1 to be hauled 
from site for use in other civil projects. 

debris, and obstructions in res 

19. Inert Debris in Reservoir--Inert downstream of dam. 

20. Debris--Other solid incorporation in fill areas will be 

Design Team Revie 

the design team for further review: 

alignment is to provide b&er 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 M 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 
consider 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 N 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 - &SO: Goals and Objectives 

8:50 - 9:lO: Hydrology and Hydraulics 
- Precipitation 
- 100-year Flood 
- 112, Full PMF 

- Hydraulic design concepts of spillway and 

- Sediment yield 

9:10 - 9:30: Geology and Geotechnical 

- General geology, seisrnici 
- Foundation strength, settle 
- Construction materials - co 

adjacent dams, risk, allowable 

9~30 - 11:OO: 
.::>. .... .... .::. ,... ... .... .2 

.. :: ... .. .. .. 
11:00 . 12:00: Break do&&!&&$;$&o major components and functions 

- ~mbankmenb?~~&undation, cutoff, fill material, cross section, erosion 
protection 

- Outlet works - Intake, conduit, stilling basin, diversion during 
construction etc. 

- Spillway - type, location, materials, entrance, chute, stilling basin, etc. 

12:OO - 1:30: Lunch 

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: Wrap up 

Depart from meeting 
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