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1.0 INTRODUCTION AND SCOPE OF WORK 

This report presents the results of a Drainage Study 
And Flooding Remediation Alternatives Development 
conducted by Landmark Engineeri ng, Inc. ("LEI)" at 
the request of the City of Avondale ("client") for a 
portion of Avondale, Arizona that has reported 
localized flooding during a recent storm event. This 
storm event occurred during the evening and early 
morning hours of August 2, 2005 and August 3, 2005. 

This study has been conducted for the City of 
Avondale in order to quantify the extent of fl ooding 
problems within the study area and to develop 
alternative solutions to these problems. The purpose 
of this report is to provide a hydrologic and hydraulic 
evaluation for the study area and to present conceptual 
alternatives for remediation of localized flooding that 
has been experienced for the site. In order to provide 
data to assis t in documenting and evaluating local 
drainage conditions , this study wi ll describe the 
contributory area directing stormwater runoff to the 
study area, describe the physical characteristics of the 
study area and contributory area , calculate peak 
discharges for multi-frequency storm events usino the 

. b 

ratwnal method of analysis , and identify conceptual-
level alternatives to remediate flooding in the study 
area. 

1.1 Scope of Work and Limitations 

This report is focused on providing practical design 
information , evaluation, and calculations for statistical 
flood events up to and including the 100-year 
frequency flood . The procedures used herein are 
derived from, and performed with , currently accepted 
engineering methodologies and practices. 
Additionally, the criteria for this evaluation are 
designed to conform to currently applicable 
ordinances, regulations , and policies effected by the 
appropriate jurisdictional regulatory authorities for the 
site. 

The analysis presented herein focuses on developino 
design estimates of storm water runoff resultin o fro~ b 

a statistical evaluation of storm events of particular 
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year frequency event may cause or create the risk of 
greater flood impact than is addressed and presented 
herein. However, the scope of this assessment does 
not include, neither did the client request, evaluation 
of storm water runoff resulting from storm events 
exceeding the 100-year frequency event. Landmark 
Engineering, Inc. assumes no responsibility for actual 
flood damage, increased risks of flood damage, or 
increased construction or development cost resulting 
fro m or related to any such events. Nor shall 
Landmark Engineering, Inc. be responsible fo r any 
changes in , or additions to , regulatory requirements 
that may resu lt from, or be related to , any such events 
or changes in hydrologic or hydraulic conditions 
within the watershed. 

In performing the services contained herein, LEI has 
received or will receive information prepared or 
com piled by others. LEI, as engineering 
professionals , are not required to verify the 
information , but may rely on the information unless 
ac tual knowledge concerning the validity of the 
information is known or is obvious to the 
professional. Therefore, LET is entitled to rely upon 
the accuracy and completeness of this info rmation 
without independent evaluation or verification. 

LOWER ROAD / .· RVER 

sruor 1 <,_~~/ r
AREA ! . {P\J't- j 

I duration and frequency up to and including a 100-year Figure 1: Site Vicinity Map 

L_ ___ f_re_q~u_e_n~c~y_e~v~e~n~t~. _A~~st~o~r~m~e~v~en~t~e~xc~e~e~d~i~n£g~t~h~e~l~O~O~-~~~--------------------------------------------_j 
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1.2 Study Area Location 

The study area is situated within an existing single
fa mily residential neighborhood in the City of 
A von dale, Arizona. The localized drainage concern is 
focused near the intersection of Elm Lane and Holben 
Place within this neighborhood as shown on the Site 
Vicinity Map (Figure 1). The study area consists of an 
existing single-fa mil y neighborhood situated on a 
local street known as Elm Lane in A von dale, Arizona. 
The study area is bounded on the east by Central 
Avenue and on the west by 3rd Avenue. 

1.3 Site Description 

The site is irregular in shape and encompasses an 
existing single-family residential neighborhood in 
A von dale, Arizona. The neighborhood primarily 
consists of mobile homes situated on individual lots 
with corresponding lawns and driveways. Access to 
the lots is provided via paved local streets with curb , 
gutter, and sidewalks. 

1.4 Regulatory Jurisdiction 

The cri teria used in the drainage des ign and analys is 
conducted fo r this study was established using the 
guidelines as descri bed in the fo llowing: 

• 

• 

City of A von dale Engineering Des ign 
Standards, City of Avondale, June 1997 
(Reference 1). 
Drainage Design Manual For Maricopa County, 
Arizona, Volume I, Hydrology (Reference 2). 

City of Avo ndale 
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• Drainage Design Manual For M aricopa County, 
Arizona, Volume II , Hydraulics (Reference 3). 

2.0 PHYSICAL SETTING 

2.1 Site Topography And Existing Conditions 

The study area is situated in an area of relatively 
constant elevation of the type consisten t with alluvial 
areas. A review of regional topographic mapping 
(Exhibits 1 and 2) identified the elevation of the 
contributory area to range fro m approximately 973 
feet at the upstream end of the contributing watershed 
to less than 955 feet near the intersection of Elm Lane 
and Holben Place (References 4 and 5). Existin g 
ground in the vicinity of the site generally slopes 
downward to the south , trending toward the Agua Fria 
River. 

Visual reconnaissance was conducted fo r the site and 
surrounding area on August 5 , 2005 and again on 
September 13, 2005 by Craig S . Bo lze, P.E. of 
Landmark Engineering, lnc. in order to observe and 
record info rmation concerning present development, 
use, and conditions for the site and surrounding area. 

The study area is a developed urbanized residential 
neighborhood within the City of A von dale, Arizona. 
Local streets are paved with curb , gutter, and sidewalk 
(Photographs 1-4). The most co mm on development 
within the study area is mobile homes. However, slab
on-grade construction was observed in isolated lots 
within the development. Finish floor elevations for 

Photograph 1: Photograph taken from Elm Lane at its intersection with Central A venue looking west. Photograph 

~~------s_h_o_w_s_E_I_m __ L_a_n_e_a_n_d_H_o_l_b_en __ P_Ia_c_e_i_n_te_r_se_c_t_io_n_a_n_d __ di~p-s_e_c~ti_o_n_in __ E_Im __ L_a_n_e_. ________________________________ ~ 
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slab-on-grade construction were observed to be low 
with respect to the surrounding topography, typical of 
development occurring in the 1970s. The low finish 
floor elevations increase the potential for these 
properties to experience flooding during storm events. 
Finish floor elevations for mobile homes in the area 
are typically higher, commensurate with typical 

City of Avo ndale 
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reported water pondi ng at the intersection of Holben 
Place and Elm Lane at depths as much as two (2) to 
three (3) feet. The most recent storm to cause this kind 
of event occurred during the period of August 2, 2005 
through August 3, 2005 . 

Photograph 2: Photograph taken looking east from the intersection of Elm Lane and 3rd A venue showing dip section in 
Elm. Note sediment in roadway remaining from recent storms. 

installation of these dwellings . 

Elm Lane was observed to slope downward from both 
Central Avenue to the west and 3rd Avenue to the 
east, to a sump condition near its intersection with 
Holben Place (Photographs 2 and 3). Additionally, 
regional topographic mapping reviewed for this report 
(References 4, 5, and 6, Exhibits 1 and 2) also shows 
Elm Lane sloping to a sump near this intersection. 
Two catch basins were observed at the southeast and 
northeast corners of the intersection of Elm Lane and 
Holben Place (Photographs 3 and 4). Significant 
amounts of sediment and debris apparently resulting 
from the recent storm event were still evident in Elm 
Lane as well as the adjacent properties to the south 
(Photographs 3 and 4). The catch basins were 
observed to be small , not exceeding three-feet in 
length. Visual indications such as sediment depositi on 
and local topography indicate that stormwater runoff 
from a recent storm event overtopped the curb and 
continued to the south, through the existing properties 
along the south side of Elm Lane (Exhibit 2, 
Photographs 3 and 4). 

2.2 Regional Hydrology 

The study area is situated within the Agua Fria River 
watershed. Regional hydrologic conditions for the site 
and surrounding area have been described in the 
hydrologic analysis for this watershed as characterized 
in the White Tanks/ Agua Fria Area Drainage Master 
Study and revisions. Historically, stormwater runoff 
has been directed to the Agua Fria Ri ver via local and 
regional watercourses. Historic stormwater runoff 
flow patterns have been alte red by agricultural use, 
increasing urbanization in the watershed, and the 
construction of the Agua Fria River levees and bank 
stabilization structures. Development upstream of the 
si te, such as the Southern Pacific railroad 
embankment, has served to concentrate and convey 
storm water runoff in the vicinity of the study area. 

3.0 EXISTING DATA AND REPORTS 

No previous reports for the study area were reviewed 
for this study and none have been provided by the 
City of Avondale for review. As referenced in section 
2.2, Regional Hydrology. the study area is situated 

I The residents of this area have reported experiencing within the Agua Fria Ri ver watershed. Regional 
L_ __ ~l~o~ca~l~iz~e~d~fl~o~o~d~i~n~o~d~u~n~· n~~s~t~o~rm~~e~v~e~n~ts~a~n~d~h~a~v~e~------------------------------------------------~ 
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Photograph 3: Photograph taken looking east from Elm Lane between Holben Place and Frost Lane. Note sediment 
near catch basins situated at the southeast corner of Holben and Elm. 

hydrologic conditions for the site and surrounding 
area have been described in the hydrologic analysis 
for this watershed as characterized in the White 
Tanks/Agua Fria Area Drainage Master Study and 
revisions (Reference 8). 

Rain gage data for Flood Control District of Maricopa 
County was reviewed for two nearby rain gages . 
These rain gages are identified as Agua Fria River at 
Buckeye Road (Station ID 5400) and Gila River at 
116111 A venue (Station ID 6845). Historical records 
for these rain gages as well as data fo r the storm event 
of August 2, 2005 through August 3, 2005 is 
presented in Appendix A. 

Mapping for the study area and associated watershed 
was assembled by LEI using data supplied by the 
Flood Control District of Maricopa Cou nty (Reference 
5). The resulting mapping is shown on the Study Area 
and Watershed Boundaries Map (Exhibit 2) 

kr 

assembled for this report. 

4.0 HYDROLOGIC ANALYSIS 

Hydrologic analysis was undertaken for the study area 
in order to characterize the drainage setting for the site 
and to provide data to assist in evaluati ng existi ng and 
proposed drainage conveyance and storage faci lities. 
Additionally, hydrologic analysis for th is report was 
developed using regional topographic mappi ng 
(Reference 4 , Exhibit 1) , mapping develo ped from the 
Flood Control District of Maricopa County (FCDMC) 
(Reference 5, Exhibit 2), site reconnaissance 
activities , and visual observations made during this 
assessment for the site and surrounding area, along 
with existing regional hydrologic anal ysis. 

The historic watershed directing stormwater runoff to 
the site is shown on the USGS Topographic Map 
(Exhibit 1) and the Study Area and Watershed 

Boundaries Map 
(Exhibit 2). This 
watershed has 
extended from a 
ridge situated 
roughly along 

Photograph 4: Photograph taken from Elm Lane looking east at its intersection with Holben Place. 
Note the existing catch basins in the left and right sides of photograph. 

what is now the 
Litchfield Road 
alignment on the 
west to another 
low ridge along 
what is now 
roughly the 2"d 
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Street alignment on the east. Stormwater runoff from 
this watershed has historically been concentrated and 
conveyed to the south in a low area watercourse that 
passed through the area immediately west of what is 
now the intersection of Holben Place and Elm Lane as 
shown on the USGS Topographic Map (Exhibit L) in 
the area of what is currently identified as the Elm 
Lane su mp. Stormwater runoff then continued to the 
south, to the Agua Fria River. 

This watershed has been altered significantly due to 
urbanization of th is area. The most sign ificant 
upstream feature is the railroad and MC 85 trending 
southwest to northeast north of the site (Photograph 
5). For the purpose of this study, this roadway is 
understood to form the north boundary of the 
watershed and contributory area. Local streets within 
the study area serve to concentrate and convey 
stormwater runoff. Slopes and grade breaks of local 
streets within the watershed were visually noted 
during si te reconnaissance activities in order to clarify 
current drainage patterns within the watershed . These 
drainage patterns within the watershed are shown on 
the Study Area and Watershed Boundaries Map 
(Exhibit 2). 

Within the watershed, Central A venue serves as a 
significant conveyance corridor for stormwater runoff. 
Local streets in the eas tern portion of the watershed 
direct storm water runoff wester I y to Central A venue 
where it is directed south to Lower Buckeye Road and 
then overland to the Agua Fria Ri ver. Because of this, 
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a significant portion of the eastern watershed has been 
removed from the contributory area directing 
stormwater runoff to the study area. Similarly, Local 
streets north of the study area direct stormwater runoff 
easterly to Central A venue, removing this area from 
the contributory area directing stormwater runoff to 
the study area. Based on these field observations and 
review of mapping used for this study, a contributory 
area that currently directs storm water runoff to the 
study area has been defined and is shown on Study 
Area and Watershed Boundaries Map (Exhibit 2). 

The contributory area directing stormwater runoff to 
the site extends to the north encompassing 
approximately 29.5 acres as shown on the Study Area 
and Watershed Boundaries Map (Exhibit 2). 
Stormwater runoff from the upstream contributory 
area is directed to Frost Lane and Holben Place via 
sheet flow that is concentrated and conveyed in local 
streets to the low point at the intersection of Elm Lane 
and Holben Place. 

Although Central A venue generally serves to 
concentrate and convey stormwater southerly and 
away from the study area, low-frequency storm events 
likely exceed the conveyance capacity of Central 
A venue. As a result, storm water runoff that has been 
directed to Central Avenue may impact the study area 
during Low-frequency storm events. To provide data to 
ass ist in assess ing this occurrence, hydrologic 
calculations have also been performed fo r the 
contributory area directing stormwater runoff to 

Central A venue. 

A significant portion 
of the contributory 
area directing 
stormwater runoff to 
the study area 
consists of a vacant 
Lot situated in the 
upstream portion of 
the contributory area 

Photograph 5: Photograph taken from railroad looking east. Showing elevated rail-bed that forms the 
northern boundary of the wate rshed. For orientation, Central Avenue is in he background and MC85 is 

II L__i_n_t_h_e_b_a_c_k_g-ro_u_n_d_i_n_t_h_e_f_a_r_ri-·g_h_t-_h_a_n_d_s-id-e--of_t_h_e_p_h_o_to_g_r_a_p_h_. ______________________________________________ ~ 
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as shown on the Study Area and Watershed 
Boundaries Map (Exhibit 2). This lot comprises 
approximately 11 acres of the contributory area. In 
order to assess the effect of removing this area from 
the contributory area directing stormwater runoff to 
the study area, hydrologic calculations were 
undertaken excluding this area. 

The Rational Method of hydrology as described in the 
Drainage Design Manual for Maricopa County, 
Volume I was used in developing peak storm 
discharges fo r use in characterizi ng stormwater runoff 
directed to the study area. The contributory area 
directing stormwater runoff to the site was delineated 
using regional topographic mapping suppli ed by 
FCDMC (Reference 5). The delineated sub-basins 
were given un ique identifiers corresponding to their 
location in the watershed as fo llows: 

XY 
X- Watershed identifier (W) 
Y-Sub-basin identifier (A, B, C) 

A-Contributory area (Study Area) 
B-Contributory area without vacant 
lot 
C- Central A ven ue contributory area 

A conservative, weighted, runoff coeffic ient, "C
value" was used for all calculations. The results 
of this analys is are presented Appendix B. 

5.0 EXISTING DRAINAGE PATTERNS AND 
CONVEYANCE FACILITIES 

Stormwater runoff is currently direc ted from the 
upstream contributory area as shown on the Study 
Area and Watershed Boundaries Map (Exhibit 2) via 
sheet flow. Stormwater runoff is then concentrated 
and conveyed south in Frost Lane and Holben Place 
and directed to the sump in Elm Lane situated at the 
intersection , and immediately west of the intersection 
of Elm Lane and Holben Place. The Elm Lane storm 
drain conveys stormwater runoff to a discharge point 
situated on the south side of Lower Buckeye Road at 
its intersection with Central A venue. No retention, 
detention, or other stormwater storage fac ilities were 
observed within the contributory area during this 
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conveyance from the study area was observed during 
this study or is known to exist. 

5.1 Elm Lane Storm Drain 

Stormwater runoff directed to the study area is 
conveyed away from the study area via catch basins 
and storm drain situated in Elm Lane. Thi s storm 
drain conveys stormwater east in Elm Lane to a 
similar storm drain line in Central A venue that 
continues to convey stormwater south to an outlet 
south of Lower Buckeye Road. 

Storm drain and half street improvement plans for 
Elm Lane and the storm drain extension along Central 
Avenue were supplied by the City of Avondale for 
review during this study (Reference 6) These plans are 
presented in Appendix C of this report. 

These plans show half-street improvements including 
storm drain fac ili ties for the north-half of Elm Lane 
only. The abutting property to the south is shown as 
unsubdivided on these drawings. This indicates that 

Photograph 6: Storm drain outlet at Lower Buckeye Road 
and Central A venue. Note heavy vegetation growth and 
sedimentation at the outlet. The outlet is a 24-inch diameter 
pipe. I study. Additionally, no other means of stormwater 

L..,___ _____ -=--------:---_____ ___j 
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Photograph 7: Photograph taken from the rear yards of Rio Vista Lane facing nor th showing the block walls, out
buildings and other structures that exacerbate the ponding condition on Elm Lane. Stormw~ter. runoff from E.lm ~ane 
ponds until it overtops to the left and continues south through these rear yards and lots and ts dtscharged to R10 Vtsta 
Lane where it is di rected to Central A venue. 

the most affected properties that abut the south side of 
Elm Lane were constructed in a subsequent phase of 
the same proj ect or as a separate project. Maricopa 
County Assessor's records identify the lots to the 
south as Wigwam Country Estates and the lots to the 
north as Ambrose Estates (Reference 7), 
corresponding to the improvement plans. At the time 
of construction of the improvements shown on these 
plans, storm water runoff exceeding the capacity of the 
catch basins and storm drain would have overtopped 
the roadway and co ntinued south in its historic 
drainage pattern. Subsequent development in the 
south-half of Elm Lane has cut off this historic fl ow 
path and has resulted in ponding and flooding as 
reported by the local residents. 

The Elm Lane storm dra in plans show that the Elm 
Lane storm drain consists of an 18-inch diameter 
R.G.R. C. P. (concrete pipe) that conveys stormwater 
east to another 18-inch diameter concrete pipe located 
in Central Avenue, continu ing south to a 24-inch 
diameter pipe outlet on the south side of Lower 
Buckeye Road. Hydraulic analys is conducted fo r this 
system as part of this study indicates that thi s system 
is capable of conveying peak discharges s lightly 
exceeding 7 cfs . Hydraulic analys is for the storm 
drain is presented in Appendix D. This calculated 
capac ity of the existing storm drain sys tem is 
significantly less than the calculated peak stormwate r 
runoff discharge resulting from the 10-year frequency 
storm event of approxim ately 55 cfs (Appendix B). 

5.2 Existing Dra inage P a tterns 

Stormwater runoff directed to Elm Lane is conveyed 
away from the study area via the Elm Lane storm 
drain system. When the capac ity of th is storm drain 
system is exceeded storm water ponds within the study 
area. Study area residents have reported ponding to 
depths of up to three (3) feet. This ponding occurs 
because subsequent development that has occurred on 
the south side of Elm Lane does not allow stormwater 
runoff to continue south in its historic tlow path . 
Grading on lots , the construction of houses and 
anc illary buildings , and the construction of screen 
walls have all served to inhibit stormwater 
conveyance to the south and exacerbate ponding 
within the study area. 

Field observations during s ite recon naissance and 
conversations wi th local res idents (AI Busbee, 
Personal Communication) indicate that when the 
ponded stormwater runoff has reached a sufficient 
depth, it overflows to the south and flows through 
abutting lots to the south that are situated along the 
north side of Ri o Vista Lane (Photograph 7). The 
stormwater runoff is then conveyed to the east in Rio 
Vista Lane to Central Aven ue where it ponds and 
conti nues south to the vacant land south of Lower 
Buckeye Road and the Agua Fria River. 

In extreme storm events, stormwater runoff being 
conveyed to the south in Central A venue may spi ll 
into Elm Lane to the west and be directed to the Elm 
Lane sump. In the event of th is occurrence, water 
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Figure 2: Floodplain Map 
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The Maricopa County, Arizona and Incorporated Areas Flood Insurance Rate Map (F. I.R.M. ) panel number 
040 l3C2090 G (Reference 9). The study area falls within Zone X. Zone X is defined by the Federal Emergency 
Management Agency (FEMA) as: . . 

Areas of 500-year flood; areas of 100-year flood with average depths of less than l foot or with dramage areas 
less than 1 square mile and areas protected by levees from 100-year flood. 

reaching the elevation of the Central A venue water 
surface and effectively becoming a backwater for the 
Central A venue conveyance corridor. The elevation at 
the Central Avenue intersection is approximately 956 
feet. The elevation at the Elm Lane sump is 
approximately 954.20 feet, resulting in ponding on the 
order of approximately ±2.0 feet. 

In order to quantify the potential for stormwater 
runoff from Central A venue to be directed to the Elm 
Lane study area weir analysis for the intersection was 
undertaken as part of this study. These calculations 
indicate that less than 20 cfs will be d irected to Elm 
Lane from Central A venue during the storm events 
evaluated . The results of this analys is are presented in 
Appendix G of this report. 

Page 8 

6.0 COMMUNITY INVOLVEMENT 

A community meeting was held on August 10, 2005 
in order to facilitate communication with affected 
property owners and gather information on recent 
storm events and their effect on local property owners. 
The meeting was attended by Mr. David Fitzhugh, 
P.E. , City of Avondale Assistant City Manager, Mr. 
Carnell Thurman , P.E. , City of Avondale City 
Engineer, Mr. Greg Jones, Flood Control District of 
Maricopa County, Mr. Craig S. Bolze, P.E., Landmark 
Engineering, Inc. , Members of the City of Avondale 
City Council, as well as loca l residents. The meeting 
was held at the Avondale Community Center located 
at 1007 S. 3rd Street. Avondale, Arizona. 
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ln general, local residents reported ponding depths on 
the order of two (2) to three (3) feet in the vicinity of 
the intersection of Elm Lane and Holben Place. The 
most profoundly affected property was reported to be 
103 W. Elm Lane, Avondale, Arizona. This resident 
reported ponding water within the home had 
destroyed the residence and made it uninhabitable. 
The resident had relocated with a relative within the 
Phoenix Metropolitan area. 

7.0 FLOOD ZONE 

Flood zone information for the study area and 
surrounding area is presented in Figure 2. The study 
area is situated in Zone X as protected by the Agua 
Fria River levee (Reference 9). 

8.0 FLOODING REMEDIATION 
ALTERNATIVES 

As part of this study LEI has prepared conceptual 
level alternatives foc used on remediation of the 
localized t1ooding. Although presented separately in 
this report, these alternatives may be used in 
combination to form an integrated approach to 
stormwater management and remediation of existing 
t1ooding within the study area. 

8.1 Regulation Of the Study Area As A Special 
Flood Hazard Area 

The results of hydrologic analysis, public 
meetings, interviews with local res idents, 
field reconnaissance, rev1ew of 
improvement plans fo r the study area, 
review of regional mapping, and hydraulic 
analysis of existing drainage facilities , 
identifies a continuing t1ood hazard for the 
study area and indicates a significant 
potential for continued t1ooding within the 
study area commensu rate with the type of 
t1ooding experienced and reported in the 
past by local residents. 

Subjective reports of ponding in the study 
area describe pondi ng depth of up to three 
feet at the Elm Lane sump. Ass uming that 
stormwater ru noff is inhibited from t1owing 
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to the south, the extreme outfall for the study area is 
Central A venue to the east (Exhibit 2). The elevation 
of The Elm Lane and Central A venue intersection is 
approximately 956 feet. The e levation at the Elm Lane 
sump is approximately ±954 feet, resulting in a 
maximum ponding depth on the order of 
approximately ±2.0 feet depending on the water 
surface elevation in Central A venue. 

In order to eval uate the effects of t1ooding due to 
ponding water in the study area, a water surface 
elevation was established based on the extreme 
stormwater outfall for the study area at Central 
A venue as described in the previous paragraph. Using 
this information , a ponding depth water surface 
elevation of 956.5 feet was established. Based on this 
water surface elevation 33 residences within the study 
area will be impacted to various extents by ponding 
water. The extent of the defined ponding area and 
affected residences are shown on the Study Area 
Detail Map (Exhibit 3). 

In addition to the ponding water affec ting the lots 
along Elm Lane, the res idences downstream along the 
north side of Rio Vista Lane are susceptible to 
t1ooding from t1owing stormwater emanating from the 
ponding area on Elm Lane. The depth of t1ow and 
t1owpath of this stormwater is largely dependent on 
the configuration of buildings, fences , on-lot grading, 
and other obstacles and is therefore difficult to 
predict. For the purpose of this study, those residences 
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on the north side of Rio Vista Lane that are directly 
downstream of the ponding area have been identified 
as susceptible to stormwater runoff from the area of 
ponding. This area is also shown on the Study Area 
Detail Map (Exhibit 3). 

Based on the results presented in this report, this area 
may meet the criteria for regulation as a special flood 
hazard area by the City of A von dale and Federal 
Emergency Management Agency for existing and 
future development within the area. 

8.2 Stormwater Runoff Outfall 

Localized flooding in the study area is due to the 
inability of stormwater runoff to contin ue south to Rio 
Vista Lane. The creation of an extreme stormwater 
positive outfall to Rio Vista Lane as part of an 
integrated drainage solution would assist in 
eliminating ponding that is currently occurring and 
would serve to concentrate and convey stormwater to 
its existing outfall in the public right of way. The 
creation of a positive stormwater outfall would allow 
sign ificant stormwater discharges to be safely 
conveyed between lots to Rio Vista Lane. The 
construction of a 20-foot wide shallow concrete 
spillway and outlet scupper along the lot-line from the 
sump to a scupper outlet in Rio Vista Lane would 
allow as much as approximately 60 cfs to be conveyed 
safely to the south to Rio Vista Lane. This alternative 
would require the purchase of a drainage easement 
and construction of the spillway and reconstruction of 
the screen walls and possibly some out-buildings 
(Photograph 7). Supporting hydraulic calculations are 
presented in Appendix F. 

In implementing a positive outfall to Rio Vista Lane, 
care should be taken to examine the effect of this 
solution on downstream residents. The ponding 
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occurring in the Elm Lane sump has been serving to 
detain and redirect stormwater runoff. The elimination 
of this ponding may cause increased downstream 
discharges and a commensurate increase in tlooding 
potential for downstream residents. 

8.3 Retention Basins- Outside the Study Area 

Constructing retention basins for storage of 
stormwater runoff in the contributory area upstream of 
the study area would assist in attenuating peak 
stormwater discharges directed to the study area. 
Additionally, this area is likely the source of much of 
the sediment that is currently transported to the study 
area during storm events (Photographs 3 and 4). This 
sediment is directed to the Elm Lane storm drain, 
aggravating sediment deposition within the storm 
drain and associated discharge channel south of 
Lower Buckeye Road (Photograph 6). 

No retention, detention, or other stormwater storage 
faci lities were observed to exist within the 
contributory area directing stormwater to the study 
area. There is currently a sub stantial portion of vacant 
land within the northern portion of the contributory 
area that directs storm water runoff to the study area. A 
retention basin designed to capture and contain the 
100-year frequency; 2-hour duration storm event 
constructed at this location would sign ificantly 
decrease the calculated peak stormwater runoff 
discharges directed to the study area. 

Retention volume calculations were performed to 
determine the size and configuration of the retention 
basin required. The retention volume required to 
retain the 100-year frequency , 2-hour duration storm 
event for this area would be approximately 0.90 acre
feet. A preliminary design configuration for a 
retention basin sized to accommodate this calculated 

Photograph 9: Photograph looking south showing vacant land in the upstream contributory area north of the study a rea. 

I Proposed retention basin would be located upstream of residentia l development visible in the background. 

'-------------- ---
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volume has been prepared as part of this study. The 
results of these calculations are presented in Appendix 
E. The proposed retention basin location and 
conceptual configuration is shown on the Study Area 
Detail Map (Exhibit 3) . 

Hydrologic analysis conducted for the study area was 
modified to remove the vacant lot from peak 
discharge calculations (concentration point WB). A 
significant decrease in peak discharges at the Elm 
Lane sump was observed as a result of removing this 
area. The results of th is hydrologic analysis are 
presented in Appendix B. 

8.4 Retention/Detention Basins - Within the Study 
Area 

Constructing retention or detention basins for storage 
of stormwater runoff within the study area would 
assist in concentrating stormwater runoff to a central 
location within an engineered drainage fac ility and 
directing it to a safe outfa ll location. A retention or 
detention bas in situated near 
the Elm Lane sump would 
mm1m1ze collection and 
conveyance infrastructure 
necessary to convey 
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Lane subdivision area generally bounded by Elm Lane 
on the south , Central A venue on the east, 3'd A venue 
on the west, and the Whyman Avenue alignment on 
the north , is approxim ately 2 .20 acre-feet. The results 
of these calculations are presented in Appendix E. 

No retention, detention, or other stormwater storage 
facilities were observed to exist within the study area 
and there is currentl y no open space available for 
surface stormwater retention within the study area. 
The area required to retain the calcu lated volume of 
stormwater in a typical retention bas in is 
approximately 42,000 square feet. Each lot along the 
south side of Elm Lane encompasses approximately 
6,000 square feet. A typical surface retention basin 
would encompass approximately seven or eight lots. 

Reduction in the retention volume provided while 
providing a similar level of protection to the 
downstream residences may be provided by 
integrating a smaller retention basin with a new storm 
drain system as outlined in the following section, 

stormwater runoff to the 
proposed fac ility. 
Additionally, a retention or 
detention fac ility would 
assist in attenuating peak 
stormwater discharges 
directed to the residences 
situated downstream that 
are currently rece1 vmg 

Photograph 10: Photograph taken looking south at the res est 
Lane. Note position of the finish tloor with respect to the curb. Also, note site structures 
extend ing the width of the lot with no location for stormwater runoff to continue to the 
south. This lot is the location of a proposed retention basin. 

storm water runoff from the upstream ponding area. 

Suitable outfall locations for retention within the 
study area may include the existing storm drain 
system in Elm Lane or a new storm drain sys tem 
constructed for the purpose of providing outfall for the 
new basins. A suitable extreme storm outfall for such 
a basin would be Rio Vista Lane, south of the study 
area . 

Section 8.5. An integrated detention basin and storm 
drain system could be designed to provide suitable 
levels of protecti on while also reducing the size of 
both the required bas in and storm drain line size. 

As part of this study, two retention basins 
configurations have been evaluated ; a retention basin 
encompass ing the ex isting lot at 103 West Elm Lane 
and a retenti on bas in encompass ing both 103 West 
Elm lane and the lot immediately to the south having 
the physical address 104 West Rio Vista Lane. The 

I 
The retention volume requi red to retain the 100-year 1 t 103 w t El L · ·t t d · th f parce a es m ane 1s s1 ua e m e area o 
frequency, 2-hour du ration storm event fo r the Elm 

ponding as defined in this study and the parcel 
L-------------------------------------------------~~--~~------------------~~------~------~ 

Page 11 

I 
I 

ENGINEERING SURVEYING 7310 NORTH 16TH STREET, SUITE 285 LANDMARK PHOENIX, AZ 85020 I LANDMARKENG.COM 

LAND PLANNING WATER RESOURCES TEL : 602.861 .2005 I FAX: 602.861.2175 ENGINEERING INC 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

situated at 104 West Rio Vista Lane is situated 
in the area susceptible to flooding via flowing 
water as delineated in this study. 
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The Elm Lane basin was included because this 
parcel has reported sustaining significant 
damage due to recent flooding and the owner 
has petitioned for buy-out as a flood-prone 
property by both the Flood Control District of 
Maricopa County and the City of Avondale. 
The second basin encompassing both the 103 
West Elm Lane parcel and the 104 West Rio 

P hotograph 11: Photograph looking north at 104 West Rio Vista Lane. 
This parcel is the location of a proposed retention basin and is situated 
immediately downstream of 103 West Elm Lane. 

Vista Lane parcel was considered in order to provide 
an extreme storm outfall to Rio Vista Lane that does 
not exist for the 103 West Elm Lane Basin only. 

For the purpose of this study, each of these basins 
were assumed to be three (3) feet deep, have typical 
4:1 side slopes , and be connected to the existing storm 
drain in Elm Lane using an 18-inch diameter pipe and 
headwall. Stormwater runoff is to be directed to the 
basins via a depressed sidewalk or scupper and 
spillway in the Elm Lane sump. 

The basin situated within the lot at 103 West Elm 
Lane has a calculated capaci ty of approximately 0.30 
acre-feet of stormwater runoff storage. The combined 
basin encompassing both 103 West Elm Lane and 104 
West Rio Vista Lane has a calculated combined 
stormwater runoff storage capacity of approximately 
0.64 acre-feet. The results of these calculations are 
presented in Appendix E. Because the storage 
capacity of these basins is significantly less than the 
calculated 2.20 acre-feet required to retain the 100-
year frequency, 2-hour duration storm event, neither 
of these basins is likely to provide significant 
attenuation of peak discharges for less frequent storm 
events. However, each of these basins wou ld provide 
increased collection and conveyance capacity. 
Additionally, they would provide sign ificant storage 
capacity and attenuation for downstream residences 
for more frequent storm events. Also, these basins 
would provide a convenient collection location and 
mechanism for sediment that is currently being 
transported to the study area from the upstream 
contributory area. 

As mentioned previously, a basin constructed in the 
parcel situated at 103 West Elm Lane will not have 
access to Rio Vista Lane for an extreme storm outfall. 
The extreme storm outfall for this bas in will be the 
existing residential lots to the south along Rio Vis ta 
Lane. Because the existing structures situated on 103 
West Elm Lane likely serve to impound and redirect 
stormwater runoff in this area, removal of these 
structures may cause increased localized stormwater 
runoff discharges to the downstream residences. 
Therefore, the design of a retention basin at this 
location must consider and release excess stormwater 
runoff downstream in a manner that will not increase 
discharges to downstream residences. 

8.5 Stor m Drain 

The existing Elm Lane storm drain lacks sufficient 
capacity to convey the multi-frequency storm events 
evaluated for this study. The capacity of the existing 
storm drain system is such that only very low
frequency storm events (less than the 10-year 
frequency event) can be conveyed to the outfall south 
of Lower Buckeye Road . As described in section 5.1 
of this report, the existing storm drain line is 18-
inches in diameter and capable of conveying peak 
discharges of only approximately seven (7) cfs. 
Hydraulic calculations conducted fo r this study 
indicate that the storm drain line size would need to be 
increased to 60-inches in order to have sufficient 
capacity to convey the 100-year freq uency storm 
event. This line size could be reduced to 48-inches in 
diameter should upstream retention be added as 
described in section 8.3. Additional decreases in storm 
drain line size could be achieved if a positive surface 
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outlined in sections 8.2 and 8.4 respectively. 
Hydraulic calculations for storm drain line sizes are 
presented in Appendix D. 

In addition to an increase in storm drain line size, 
additional catch basins would need to be added in 
order to capture the stormwater runoff for the design 
storm event. Additionally, local residents report that 
the existing catch basins are situated above the low 
point of the Elm Lane sump. Visual observations 
during site reconnaissance activities confirm that this 
is likely the case. The addition of retention basins 
provided along Elm Lane may act to provide the 
additional inlet capacity needed. 

9.0 SUMMARY AND CONCLUSIONS 

1. The study area is an existing mature, single
family residential neighborhood in the City of 
Avondale, Arizona. 

2. The study area and surrounding area are situated 
in flood area Zone X as protected by the Agua 
Fria River levee. 

3. The historic watershed directing stormwater 
runoff to the site extended from a ridge situated 
roughly along what is now the Litchfield Road 
alignment on the west to another low ridge along 
what is now roughly the 2nd Street alignment on 
the east. Stormwater runoff from this watershed 
has historically been concentrated and conveyed 
to the south in a low area watercourse that passed 
through the area immediately west of what is now 
the intersection of Holben Place and Elm Lane in 
the area of what is currently identified as the Elm 
Lane sump. Stormwater runoff then continued to 
the south, to the Agua Fria River. 

4. The watershed has been altered significantly due 
to urbanization of this area. The most significant 
upstream feature is the Southern Pacific Rai lroad 
and MC 85 which form the northern boundary of 
the watershed. Local streets within the watershed 
serve to concentrate and convey stormwater 
runoff. 
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5. Within the watershed, Central A venue serves as a 
significant conveyance corridor for storm water 
runoff and redirects stormwater runoff away from 
the site in many instances. Local streets direct 
storm water runoff to Central A venue where it is 
directed south to Lower Buckeye Road and then 
overland to the Agua Fria River. However, low
frequency storm events likely exceed the 
conveyance capacity of Central Avenue. As a 
result, stormwater runoff that has been directed to 
Central Avenue may impact the study area during 
low-frequency storm events. 

6. The contributory area directing stormwater runoff 
to the site extends to the north encompassing 
approximately 29.5 acres. Stormwater runoff 
from the upstream contributory area is directed to 
Frost Lane and Holben Place via sheet flow that is 
concentrated and conveyed in local streets to the 
low point at the intersection of Elm Lane and 
Holben Place. 

7. Elm Lane was observed to slope downward from 
both Central A venue to the west and 3rd A venue 
to the east, to a sump condition near its 
intersection with Holben Place. This sump 
condition along with residences constructed 
immediately downstream on the south side of Elm 
Lane, facilitate ponding water during storm events 
causmg flooding of residences within the study 
area. 

8. Residents of the study area have experienced 
localized flooding due to a recent and very 
intense, storm event characteristic of late summer 
in the area. Local residents have reported ponding 
to depths of up to three (3) feet. One resident at 
103 West Elm Lane, nearest and on the 
downstream side of the sump, reported sufficient 
flooding to leave the residence uninhabitable and 
has been relocated with relatives . Local residents 
have reported similar flooding of the area during 
storm events over the previous ten (10) to fifteen 
(15) years. 

9. The results of this study indicate that ponding 

I 
occurs because development on the south side of 
Elm Lane does not allow stormwater runoff to 

L____----------------,--------------
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continue south. Grading on lots, the construction 
of houses and ancillary buildings, and the 
construction of screen walls have all served to 
inhibit stormwater conveyance to the south and 
exacerbate ponding within the study area. 

10. Stormwater runoff directed to Elm Lane IS 
conveyed away from the study area via the Elm 
Lane storm drain system. The capacity of the 
storm drain situated in Elm Lane is insufficient to 
convey the calculated peak discharge from the 
multi-frequency storm events evaluated for this 
study. When the ponded stormwater runoff has 
reached a sufficient depth, it overflows to the 
south and flows through abutting lots that are 
situated along the north side of Rio Vista Lane, 
south of the study area. The stormwater runoff is 
then conveyed to the east in Rio Vista Lane to 
Central A venue where it ponds and continues 
south to the vacant land south of Lower Buckeye 
Road and the Agua Fria River. 

11. Finish floors fo r properties with slab-on-grade 
construction within the study area were observed 
to be low with respect to the surrounding 
topography, typical of development occurring in 
the 1970s. The low finish floor elevations increase 
the potential for these properties to experience 
flooding du ring storm events. 

12. Assuming that stormwater runoff is inhibited from 
flowing to the south, the extreme outfall for the 
study area is Central A venue to the east. The 
elevation of the Elm Lane and Central A venue 
intersection is approximately 956 feet. ln order to 
evaluate the effects of flooding due to ponding 
water in the study area, a water surface elevation 
was established based on the extreme stormwater 
outfa ll fo r the study area at Central Avenue and a 
ponding depth water surface elevation of 956.5 
feet was established. Based on this water surface 
elevation, 33 residences within the study area will 
be impacted by ponding water. 
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emanating from the ponding area on Elm Lane. 
The depth of flow and t1owpath of this ponding 
water is largely dependent on the configuration of 
buildings , fences, on-lot grading, and other 
obstacles and is therefore difficult to predict. For 
the purpose of this study, those res idences on the 
north side of Rio Vista Lane that are directly 
downstream of the ponding area have been 
identified as susceptible to stormwater runoff 
fro m the area of ponding. Nine (9) residences 
along the north side of Rio Vista Lane have been 
identified in this study as potentially being 
impacted due to flowing water. 

14. Improvement of drainage facilities in the study 
area and upstream contributory area such as 
retention bas ins, storm drains , and open channels 
may serve to remediate flooding in the area. Of 
particular importance is the establishment of an 
extreme stormwater outfall to allow stormwater 
runoff to be conveyed to the south to prevent 
ponding in the area. However, care must be taken 
in the design of these faci lities such that increased 
conveyance of stormwater from the study area 
does not cause increased potential for t1ooding 
downstream. 

15. The results of hydrologic analysis, public 
meetings , interviews with local residents , field 
reconnaissance, review of improvement plans for 
the study area, review of regional mapping, and 
hydraulic analysis of existing drainage fac ilities , 
identifies a continuing flood hazard for the study 
area and indicates a significant potential for 
continued flooding within the study area 
commensurate with the type of flooding 
experienced in the past by local residents. 

16. Based on the results presented in this report, this 
area may meet the criteria fo r regulation as a 
special flood hazard area by the City of Avondale 
and Federal Emergency Management Agency for 
existing and future development within the area. 

13. In addi tion to the ponding water affecting the lots 
along Elm Lane, the residences downstream, 
along the north side of Rio Vista Lane, are 

~~------s_u_s_c_ep_t_ib_l_e __ t_o __ fl __ o_o_d_in_g ___ fr_o_m ___ fl_o_w_I_·n_g ___ w_a_te_r~--~~------------------------------------------~ 
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10.0 INDIVIDUALS AND ORGANIZATIONS 
CONTACTED 

Mr. Allen (Al) Robert Busbee 
6 W. Rio Vista Lane 
A von dale, Arizona 
Mr. Busbee reported that the rain gage in his back 
yard recorded over 2-i nches of rain for the storm 
event of August 2, 2005 through August 3, 2005. Mr. 
Busbee also reported that stormwater from the Elm 
Lane sump flows southerly through his lot 

Mr. Carnell Thurman, P.E. 
City Engineer 
City of A von dale 
11465 W. Civic Center Dr. , #120 
A von dale, AZ 85323 
(623) 478-3270 
cthurman@ avondale.org 
Mr. Thurman provided primary contact and 
coordination for the City of A von dale during this 
study. 

Mr. Greg L. Jones 
Project Manager 
Flood Control District of Maricopa Cou nty 
2801 W. Durango St. 
Phoenix, Arizona 85009 
(602) 506-5537 
GLJ@mail.maricopa.gov 
Mr. Jones provided primary contact with the Flood 
Control District of Maricopa Coun ty for this study. 

11.0 REFERENCES CITED AND REVIEWED 

1. City of Avondale Engineering Design Standards, 
City of Avondale, Dated June 1997. 

2. Drainage Design Manual For Maricopa County, 
Arizona, Volume I, Hydrology, Flood Control 
District Of Maricopa County, January 1, 1995 . 

3. Drainage Design Manual For Maricopa County, 
Arizona, Volume II, Hydraulics , Flood Control 
District Of Maricopa County, January 28 , 1996. 

4 . Tolleson, Quadrangle, Waddell, Arizona, 7.5 

City or Avondale 
Elm Lane Drainage Study And Alternatives Analysis 

November 18, 2005 

5. GIS Data for Sections 14, 15, 16, 21, and 22, TlN 
R1 W, In Various Formats , Flood Control District 
of Maricopa County, Prepared August 12, 2005. 

6. Ambrose Estates , Paving, Sewer, and Water 
Plans, Sheets 3 and 6 of 6, Ferguson , Morris & 
Associates , Inc., December 13 , 1972. 

7. Maricopa County Assessor GIS Online Data, 
Reviewed September 22, 2005. 

8. White Tanks/ Agua Fria Area Drainage Mas ter 
Study and Revisions. 

9. Flood Insurance Rate Map (F. I.R.M.) Maricopa 
County, Arizona and Incorporated areas , Panel 
Number 04013C2090 G, Federal Emergency 
Management Agency, July 19, 2001. 

12.0 PROJECT TEAM 

Mr. Carnell Thurman, City Engineer, City of 
Avondale. 

Mr. Craig S. Bolze, P.E. , Project Manager, Landmark 
Engineering, Inc. 

Mr. Rob Shelley, Senior Designer, Landmark 
Engineering, Inc. 

I 
Minute Series (Topographical) , United States 
Geological Survey, 1957, Photorevised 1982. 
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I Weather Station 

Weather /Water-level Sbltion 
"R" Signifies Racio Repeater 

Highways 
Streets I Roads 

Rive~ 

I 
Stnums /Wastles 

c:::::::::J Maricopa Colllty 
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Single -Sensor Report 

Station Name: Agua Fria @ Buckeye 

I 
FCD of Maricopa County ALERT System 

I Date Time 

08/10/2005-10:55:55 

I DeviceiD 5400 

I 
StatType rain 

DataType precip 

Units in 

I 08/03/05 

1200 0.00 

I 1130 0.00 

1100 0.00 

I 
1030 0.00 

1000 0.00 

0930 0.00 

I 0900 0.00 

0830 0.00 

I 0800 0.00 

0730 0.00 

I 
0700 0.00 

0630 0.00 

0600 0.00 

I 0530 0.00 

0500 0.00 

I 0430 0.00 

0400 0.00 

I 
0330 0.00 

0300 0.00 

0230 0.00 

I 
I 



I 
I 

0200 0.04 

I 0130 0.00 

0100 0.08 

I 
0030 0.24 

08/02/05 

2400 0.00 

I 2330 0.00 

2300 0.04 

I 2230 1.22 

2200 0.79 

I 
2130 0.00 

2100 0.00 

2030 0.00 

I 2000 0.00 

1930 0.00 

I 1900 0.00 

1830 0.00 

I 
1800 0.00 

1730 0.00 

1700 0.00 

I 1630 0.00 

1600 0.00 

I 1530 0.00 

1500 0.00 

I 
1430 0.00 

1400 0.00 

1330 0.00 

I 1300 0.00 

1230 0.00 

I TOTALS: 2.40 

I 
I 
I 
I 
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Single - Sensor Report 

Station Name: Gila R. @ 116th Ave 

FCD of Maricopa County ALERT System 

Date Time 

08/10/2005-11 :53:40 

DeviceiD 6845 

StatType rain 

DataType precip 

Units in 

08/03/05 

1200 0.00 

1130 0.00 

1100 0.00 

1030 0.00 

1000 0.00 

0930 0.00 

0900 0.00 

0830 0.00 

0800 0.00 

0730 0.00 

0700 0.00 

0630 0.00 

0600 0.00 

0530 0.00 

0500 0.00 

0430 0.00 

0400 0.00 

0330 0.00 

0300 0.00 

0230 0.04 



I 
I 

0200 0.00 

I 0130 0.04 

0100 0.04 

I 
0030 0.08 

08/02/05 

2400 0.08 

I 2330 0.00 

2300 0.20 

I 2230 2.05 

2200 0.31 

I 
2130 0.00 

2100 0.00 

2030 0.00 

I 2000 0.00 

1930 0.00 

I 1900 0.00 

1830 0.00 

I 
1800 0.00 

1730 0.00 

1700 0.00 

I 1630 0.00 

1600 0.00 

I 1530 0.00 

1500 0.00 

I 
1430 0.00 

1400 0.00 

1330 0.00 

I 1300 0.00 

1230 0.00 

I TOTALS: 2.83 

I 
I 
I 
I 
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Station Name: Gila River @ 116th Ave. 

Station ID Number Histo ry: 6845 since 12/ 16/1998 
Station Type: Rain I Stage 
Data Begins: 12/16/1998 
Years of Recor d: 5.79 (as of 10/0l/04) 
Data Repeater: White Tank Peak 
TRS: TlN-RlW-Section 36 
L atitude: 33° 23' 24" 
Longitude: 112° 18' 28" 
E levation: 940ft. msl 
L ocat ion: 114 mile NNW of 115th Ave. and Baseline 

Road 
Data R ecord: 

Partial Months (> 10 days missing): None 

Remarks: 

c 
5 10 
§ 8 

2 6 
·a. 4 
u 
~ 2 

0... 

0 

- -

-1 
0 
0 
0 
N 

Missing Months: No ne 
Records Good 

I 
I 

Gila R. @ 116th Ave. 

-
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0 
N 

--

--

N 
0 
0 
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Water Year 
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0 
N 
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Data Statistics for Period of Record: 

Number of stormsgreater than 1 inch in 24 hours: 9 
Number of storms greater than 2 inches in 24 hours: 2 
Number of storms greater than 3 inches in 24 hours: 0 

Greatest 15 minute total: 1.50" on 09/07/02 
Greatest 1 hour total: 2.36" on 07/14/04 
Greatest 3 hour total: 2.40" on 07/14/04 
Greatest 6 hour total: 2.40" on 0711 4/04 
Greatest 24 hour total: 2.40" on 07/14/04 

I Water Year Totals (Mean of Complete Water Years [5] = 6.91 inches): 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

[ Water Yea r To tal Wate r Year Tota l 

I 2010 2000 4 . 09 
2009 ! 1999 M 

I 2008 1998 I 

2007 1997 
- -

2006 1996 
2005 1995 
2004 6 . 93 1994 
2003 8 . 90 1993 -- -

I 2002 5 . 83 1992 I 
2001 8 . 78 1991 I L...__ 

M: One or more months contam partial or m1ssmg data 

Da ily Precipitation Totals And Annual Statist ics 

Are On The Following Pages 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila R. @ 116th Ave (gage # 6845) for Water Year 2004 

Oct Nov Dec Jan 

. 16 
.63 
. 04 

. 16 

.08 
. 84 

. 04 

0 . 00 0 . 67 0 . 20 0 . 28 

0 . 00 0.67 0 . 87 1. 14 

0 . 88 8 . 63 8 . 16 8.16 

8 2 2 3 

Feb Mar Apr May Jun Jul Aug 

. 04 

. 79 

. 04 

0 . 87 

2.01 

8 .7 9 

3 

. 08 

. 16 

. 16 

0 . 39 

2.40 

8 . 16 

3 

. 04 

.98 

. 04 

1. 86 

3.46 

8.98 

3 

8 . 88 0 . 00 

3.46 3 . 46 

8 . 88 8 . 88 

8 0 

. 04 

.79 .2 8 
1.61 

.67 

. 88 

. 84 

2 . 44 0.98 

5 . 91 6.89 

1 . 61 8.67 

3 4 

Ma x im um Dail y Rainfall 

Ma x imum Monthly Rainfall 

Total Annual Rainfal l 

Number of Days with Rain 

Sep 

. 84 

0 . 04 

6 . 93 

8 . 84 

1 

1. 61 

2 . 44 

6.93 

24 

Annual rainfall in millimeters : 176 Total down-t ime: 3.45 days 
Gage 6845 down from 12/25 21 :04 (22) through 12/29 07:54 (22) for unknown reason ; no rain fell. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila River @ 116th Ave (gage# 6845) for Water Year 2003 

Oct Nov Dec Jan Feb Ma r 

. 47 

. 04 

. 2 4 

. 98 

. 51 

. 43 

. 16 

. 04 . 04 
. 04 

. 08 

. 51 
. 12 . 04 

. 24 

. 04 
. 43 
. 04 

0.12 0 . 47 0 . 12 0 . 59 2 . 56 0 . 59 

0 . 12 0 . 59 0 . 71 1. 30 3 . 86 4 . 45 

0 . 12 0 . 43 0 . 08 0 . 47 0 . 98 0 . 43 

1 2 2 4 7 2 

Apr May Jun Jul 

. 12 

. 04 

1.10 

0 . 12 0 . 00 0 . 00 1.14 

4 . 57 4 . 57 4 . 57 5 . 71 

0 . 12 0 . 00 0 . 00 1.10 

1 0 0 2 

Maximum Daily Rainfall 

Aug 

. 08 

1. 89 
. 08 

. 08 

. 94 

3 . 07 

8 . 78 

1. 89 

5 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

Sep 

. 04 

. 08 

0 . 12 

8 . 90 

0 . 08 

2 

1 . 89 

3 . 07 

8 . 90 

28 

Total annual rainfall in millimeters: 226 Total down-time: 0.00 days 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
18 
11 
12 
13 
14 
15 
16 
17 
18 
19 
28 
21 
22 
23 
24 
25 
26 
27 
28 
29 
38 
31 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila River@ 116th Ave (gage # 6845) for Water Year 2002 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug 

. 43 
. 47 

. 47 

. 47 

1.18 
. 04 . 04 

. 84 

Sep 

. 83 
1 .8 1 

.84 

.88 

SUM 8 . 47 0.47 8 . 94 0 . 04 0.08 8.88 8.08 8 . 88 8 . 88 1 . 14 8 . 88 2 . 76 

ACC 8.47 8.94 1.89 1.93 1.93 1.93 1 . 93 1.93 1.93 3.87 3.87 5 . 83 

MAX 8 .47 8. 47 8.47 8 . 84 8.88 8.08 8.88 8 . 88 8.80 1.10 0 . 00 1 .8 1 

NO . 1 1 3 1 0 0 0 8 0 2 0 4 

Ma ximum Daily Rainfall 1 . 81 

Ma ximum Monthly Rainfal l 2.76 

Total Annual Rainfall 5.83 

Number of Days with Rai n 12 
Notes: 

Total annual rainfall in millimeters: 148 Total down-time: 2.67 days 

Gage 6845 down from 10/06 15:00 (8) through 10/09 07:08 (12) due to programming error; assigned 4 mm 
to 10/06. 
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Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila River@ 116th Ave (gage# 6845) for Water Year 2001 

DAY oct Nov Dec J an Feb Mar Apr May Jun Jul Aug Sep 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

.24 

.08 

.71 

.63 

.71 

.28 

.20 

.91 

.04 

. 31 

.04 

4.13 

4.13 

0.91 

11 

. 08 

0.08 0.00 

4.21 4.21 

0.08 0.00 

1 0 

Annual rainfall in millimeters: 223 

.12 

.04 

.63 

.20 

. 55 

1. 54 

5.75 

0.63 

5 

.12 

.43 

.04 

.08 

.12 

.12 

0.91 

6.65 

0 . 43 

6 

. 59 

0. 59 

7.24 

0 . 59 

1 

.08 

.04 

.12 

0.24 

7.48 

0.12 

3 

0.00 0.00 

7.48 7.48 

0.00 0.00 

0 0 

.04 

. 51 . 31 

.16 

0.67 0.35 

8.15 8.50 

0. 51 0. 31 

2 2 

Maximum Daily Rainfall 

Maximum Month ly Rainfall 

Total Annual Ra infall 

Number of Days with Rain 

.28 

0.28 

8.78 

0.28 

1 

0 .91 

4.13 

8.78 

32 

Total down-time: 4.50 days 

I Gage 6845 down from 5/17 20:44 (190) through 5/22 08:44 (190) due to transmitter fa ilure ; no rain fell. 

I 
I 
I 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila R. @ 116th Ave (gage # 6845) for Water Year 2000 

oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0.00 0.00 0.00 0.00 

0 0 0 0 

. 31 

0.31 

0. 31 

0 . 31 

1 

.87 
1. 26 

.28 

.08 

2.48 

2.80 

1. 26 

4 

0.00 0.00 

2.80 2.80 

0.00 0.00 

0 0 

.04 

.08 

.24 

.08 

0.43 

3.23 

0 . 24 

4 

.16 

.12 

.04 

0. 31 

3.54 

0.16 

3 

Maximum Daily Rainfall 

.47 

.04 

.04 

0.55 

4.09 

0.47 

3 

Maximum Monthly Rainfall 

Total Annual Ra i nfall 

Number of Days with Rain 

0.00 

4.09 

0.00 

0 

1. 26 

2.48 

4.09 

15 

Annual rainfall in millimeters: 104 Total down-time : 0 days 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Gila R. @ 116th Ave (gage# 6845) for Water Year 1999 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

.28 

.04 

.04 

.04 

0.00 0.04 0. 28 0.08 

0.00 0.04 0. 31 0. 39 

0.00 0 . 04 0.28 0.04 

0 1 1 2 

.20 

.87 

.08 

.04 

1.18 0.00 

1. 57 1. 57 

0 . 87 0.00 

4 0 

.04 

0.04 

1. 61 

0.04 

1 

.51 

.63 

. 20 

. 28 

.04 

1. 65 

3.27 

0.63 

5 

Maximum Daily Rainfall 

.12 

.08 

.39 

.04 

.04 

0.67 

3.94 

0.39 

5 

Maximum Monthly Rainfall 

Part i al Annual Rainfall 

.08 

.16 

. 04 

.39 

.08 

0.75 

4.69 

0.39 

5 

0.87 

1. 65 

4 . 69 

Number of Days with Rain 24 

I _N_ot_e_s_=---------------------------------------------------------------
Partial annual rainfall in millimeters: 119 Total down-time: 0.00 days 

I Station installed 12/16/1998. 

I 
I 
I 
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Station Name: Agua Fria River@ Buckeye Rd. 

Station ID Number History: 5400 since 06/12/92 
2800 from 10/06/88 - 06/12/92 

Station Type: Rain I Stage 
Data Begins: 10/06/1988 
Years of R ecord: 15.99 (as of 10/0 1/04) 
Data Repeater: Direct 
TRS: Tl N-R l W-Section 14 
Latitude: 33° 26' 05.9" (33.4350) 
Longitude: 112° 19' 55 .7" (112.3321 ) 
Elevation : 970 ft. ms l 
Location: Buckeye Rd. bridge over Agua Fria Ri ver 
Data Record: 

Partial Months (> 1 0 days missing): None 
Missing Months : None 

Remarks: Records Fair 

·-

Agua Fria @ Buckeye 

16 -c: 14 ,..... 
- -

-
- 12 c: 
0 10 

- -
,..... 

-
,..... 

-
:;::; 

8 Cll 

-
,..... 

-

~D - - -

~o- ~n: 
-

- ~ ~o- ~ -D- - -

..... 
6 0. 

' (3 4 
Q) 

2 ... 
ll. 0 

0 .,-- N ("') '<!" l() co r-- co 0') 0 .,-- N ("') '<!" 
0') 0') 0') 0') 0') 0') 0') 0') 0') 0') 0 0 0 0 0 
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Data Statistics for Period of Record: 

Number of storms greater than 1 inch in 24 hours: 20 
Number of storms greater than 2 inches in 24 hours: 2 
Number of storms greater than 3 inches in 24 hours: 0 

Approx. Tr 

Greatest 15 minute total: 0.71" on 07/14/02 10 years 
Greatest 1 hour total: 1.54" on 08/14/03 25 years 
Greatest 3 hour total: 1. 77" on 08/ 14/03 30 years 
Greatest 6 hour total: 1.81" on 08/14/03 20 years 
Greatest 24 hour total: 2.20" on 02/ 13/03 10 years 

Water Year Totals: (Mean of Complete Water Years [14] = 7.34 inches) 

Water Ye ar Total Wa ter Ye ar To t a l Wa t e r Ye ar Total 

2010 2000 4 . 06 1990 8 . 90 
2009 1999 5 . 75 1989 M 

2008 1998 8 . 86 1988 
2007 1997 3 . 50 1987 
2006 1996 6 . 34 1986 
2005 1995 6 . 77 1985 
2004 M 1994 3 . 43 1984 
2003 8 . 98 1993 14 . 72 1983 
2002 4 . 33 1992 12 . 83 1982 
2001 8 . 94 1991 5 . 39 1981 

M: One o r mo re mon t hs conta l n part lal o r mlSS l ng data 

NOAA At las 14 Precipitation Frequency Est imates, 

Daily Precipit a t ion Tota ls, And Annual Stat ist ics 
Are On The Following Pages 
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POINT PRECIPITATION FREQUENCY ESTIMATES 
FROM NOAA ATLAS 14 

Arizona 33 . 43 5 °N 11 2 . 3325 °W 997 f ee t 
from " Precipitation - Frequency Atlas of the United States " NOAA Atlas 14 , Volume 1 , Version 3 

G. M. Bonnin , D. Todd , B . Lin , T . Parzybok , M. Yekta , and D. Riley 
NOAA , National Weather Service , Silver Spring , Maryland , 2003 

Extracted : Tue Mar 2 2004 

I Precipitation Frequency Estimates (inches) 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
Hl 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @Buckeye (gage# 5400) for Water Year 2004 

Oct Nov Dec Jan Feb Mar Apr May Jun 

0.00 0 . 00 0 . 00 

0.00 0 . 00 0 . 00 

0 . 00 0 . 00 0 . 00 

0 0 0 

Jul 

. 55 

. 04 

. 04 

0.6 3 

0.6 3 

0.5 5 

3 

Aug 

. 35 

0 . 35 

0.98 

0 . 35 

1 

Ma ximum Daily Ra i nfall 

Ma ximum Monthl y Rainfall 

Pa rtia l Annual Rainfall 

Number of Da ys with Rain 

Sep 

.98 

0.98 

1 .97 

0.98 

1 

0.98 

0 . 98 

1. 97 

5 

Partial annual ra infall in millimeters: 50 Total down-time: 214 .76 days 
Station back in service on 04/29/2004. 
Gage 5400 down from 7/01 20:01 (0) through 7/05 08:20 (0) for unknown reason ; no rain fell. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage # 5400) for Water Year 2003 

Oct Nov Dec 

. 08 

. 08 

. 08 

. 43 

0 . 16 0 . 43 0 . 08 

0 . 16 0 . 59 0 . 67 

0 . 08 0 . 43 0 . 08 

2 1 1 

Jan 

. 47 

0 . 47 

1. 14 

0 . 47 

1 

Feb 

. 24 
2 . 01 

. 35 

. 63 

. 43 

. 12 

. 04 

3 . 82 

4 . 96 

2 . 01 

7 

Ma r 

. 79 

. 20 

0 . 98 

5 . 94 

0 . 79 

2 

Apr May Jun Jul 

. 12 

. 12 

. 71 

0 . 12 0 . 00 0 . 00 0 . 83 

6 . 06 6 . 06 6 . 06 6 . 89 

0 . 12 0 . 00 0 . 00 0 . 71 

1 0 0 2 

Maximum Daily Rainfall 

Aug 

.08 

1. 77 
. 04 

. 20 

2 . 09 

8 . 98 

1. 77 

4 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

Sep 

0 . 00 

8 . 98 

0 . 00 

0 

2 . 01 

3 . 82 

8 . 98 

21 

Total annual ra infall in mill imeters: 228 Total down-time: 3.89 days 
Gage 5400 down from 7/25 08:50 (157) through 7/29 06:16 (157) due to battery fa ilure; no rain fe ll. 
Gage 5400 out-of-service from 09/15 06:19 through the end of the water-year due to bridge construction; 
assume no rain fell in those 15 days. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria@ Buckeye (gage# 5400) for Water Year 2002 

Oct Nov Dec J an 

. 39 
. 43 

. 31 

. 31 

. 04 

0 . 31 0.43 0 . 71 0 . 04 

0 . 31 0.75 1 .46 1. 50 

0 . 31 0 . 43 0 . 39 0 . 04 

1 1 2 1 

Feb Ma r Apr May Jun J ul Aug 

0 . 00 0 . 00 

1. 50 1. 50 

0 . 00 0 . 00 

0 0 

0.00 0 . 00 0 . 00 

1 . 50 1 . 50 1. 50 

0 . 00 0 . 00 0.00 

0 0 0 

1. 22 
. 04 

. 24 

1. 50 

2 . 99 

1 . 22 

3 

0 . 00 

2. 99 

0 . 00 

0 

Maximum Daily Rainfall 

Ma xi mum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

Sep 

.71 

. 55 

. 08 

1. 34 

4.33 

0 . 71 

3 

1. 22 

1 . 50 

4.33 

11 

Total annual rainfall in millimeters: 110 Total down-time: 0.00 days 
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Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria R. @ Buckeye Rd . (gage # 5400) for Water Year 2001 

DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

. 31 

.43 

.04 

.63 
1.02 

.20 

.12 

1. 54 
.08 

.39 

4.76 

4.76 

1. 54 

10 

.04 

0.04 0 . 00 

4.80 4 . 80 

0.04 0.00 

1 0 

.12 

.08 

.59 

.04 

.20 

.55 

1. 57 

6.38 

0. 59 

6 

.12 

.28 

.04 

.08 

.16 

.39 

1. 06 

7.44 

0.39 

6 

.55 

0.55 

7.99 

0 . 55 

1 

. 04 

.04 

.08 

.04 

.31 

. 20 

0.39 0.04 0 . 00 0. 28 

8.39 8.43 8.43 8.70 

0 . 31 0.04 0 . 00 0 . 20 

3 1 0 2 

Maximum Daily Rainfall 

.08 

.04 

.12 

0.24 

8.94 

0 . 12 

3 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

0.00 

8.94 

0.00 

0 

1. 54 

4.76 

8.94 

33 

Annual rainfall in millimeters: 227 Total down-time: 3.57 days 

I Gage 5400 down from 8/24 00:26 (227) th rough 8/27 14:12 (227) due to transmitter failure ; no rain fell. 

I 
I 
I 
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Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage # 5400) for Water Year 2000 

DAY Oct Nov Dec Jan Feb Mar Apr May Jun Ju l Aug Sep 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

0.00 0.00 0.00 

0.00 0. 00 0.00 

0.00 0.00 0.00 

0 0 0 

.12 

0.00 0.12 

0.00 0.12 

0 . 00 0.12 

0 1 

.75 
1. 34 

.24 

.08 

2 .40 

2 . 52 

1. 34 

4 

.28 

.35 

. 04 .04 

.39 
.04 

.39 

0.00 0.00 0.79 0.39 0.35 0.00 

2.52 2.52 3.31 3.70 4 . 06 4.06 

0.00 0.00 0.39 0.39 0.28 0.00 

0 0 3 1 3 0 

Maximum Daily Rainfa l l 1. 34 

Maximum Monthly Rainfall 2.40 

Total Annual Rainfal l 4.06 

Number of Days with Rain 12 

Ann ual rainfall in mill imeters : 103 Total down-t ime: 7.02 days 
Gage 5400 down from 7/07 21 :48 (84) through 7/12 09:49 (84) due to antenna fai lure ; no rai n fe ll. 
Gage 5400 down from 9/26 12:02 (103) through 9/29 00:24 (103) for unknown reason ; no ra in fell. 
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Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @Buckeye (gage # 5400) for Water Year 1999 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

.04 

.08 

.16 

.04 

. 12 

.04 
.08 

0.35 0. 20 

0.35 0.55 

0.16 0.12 

4 3 

.04 

.24 

.08 

.04 

.04 

0.35 0.08 

0.91 0.98 

0.24 0.04 

3 2 

.39 

.24 

.04 

0.67 

1. 65 

0. 39 

3 

.04 

0.04 

1. 69 

0 . 04 

1 

.24 

. 67 

.04 

. 08 

.08 

1.10 

2.80 

0 . 67 

5 

0.00 

2.80 

0.00 

0 

.16 

0.16 

2.95 

0 . 16 

1 

.39 

.08 

.3 1 

.04 

.04 

.75 

.04 

1. 65 

4.61 

0.75 

7 

Maximum Daily Rainfall 

.08 

.04 

.55 

.04 

0. 71 

5.31 

0.55 

4 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

.04 

.12 

.24 

.04 

0.43 

5 .75 

0.24 

4 

0.75 

1. 65 

5 .75 

37 

Annual rainfall in millimeters : 146 Total down-time: 9.45 days 
Gage down from 4/22 01 :26 (71) through 4/27 12:15 (71) due to antenna failure ; no rain fell. 
Gage down from 6/26 09:55 (75) through 6/30 09 :55 (75) due to transmitter failure ; no rain fell. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage # 5400) for Water Year 1998 

OCT NOV DEC JAN FEB MAR APR MAY JUN JU L AUG SEP 

.04 
.91 

.08 

. 16 . 04 
.75 
.31 

.16 
.04 

.08 . 31 

.71 .04 

.83 

.08 

.12 
.08 
.12 

.20 

.31 

.3 5 

.47 

0.00 0.04 0.43 0.20 4.02 1. 50 

0.00 0. 04 0.47 0.67 4.69 6.18 

0.00 0. 04 0.16 0 . 16 0.91 0 .47 

0 1 4 2 10 5 

.12 

.04 

.04 

0. 20 0.00 0.00 

6.38 6.38 6.38 

0.12 0.00 0 . 00 

3 0 0 

.16 
.04 

.39 .12 

. 24 .04 

.08 

.04 

0 . 91 0.20 

7 . 28 7.48 

0.3 9 0.12 

5 3 

Maximum Daily Rainfa l l 

Maximum Monthly Rainfall 

Total Annual Rainfal l 

Number of Days with Rain 

.16 

.08 

.24 

.91 

1. 38 

8.86 

0.91 

4 

0.91 

4.02 

8.86 

37 

Annual rainfall in millimeters : 225 Total down-time: 2.9 days 
Gage down from 5/08 21:31 (162) through 5/11 19:36 (162) due to programming error; no rain fell. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage # 5400) for Water Year 1997 

OCT NOV DEC JAN 

. 39 
. 12 . 04 

. 12 

0.12 0 . 00 0 . 00 0 . 55 

0 . 12 0 . 12 0 . 12 0 . 67 

0 . 12 0 . 00 0 . 00 0 . 39 

1 0 0 3 

FEB MAR APR MAY JUN JUL AUG 

. 51 

. 12 

0.63 

1. 30 

0 . 51 

2 

0 . 00 

1. 30 

0.00 

0 

. 16 . 04 

. 04 

. 79 

. 04 

0 . 20 0 . 00 0 . 00 0 . 00 0 . 87 

1. 50 1. 50 1. 50 1. 50 2 . 36 

0 . 16 0 . 00 0 . 00 0 . 00 0 . 79 

2 0 0 0 3 

Maximum Daily Rainfall 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Ra in 

SEP 

. 20 

. 16 

. 04 

. 67 

. 08 

1.14 

3 . 50 

0 . 67 

5 

0 . 79 

1.14 

3 . 50 

16 

Annual rainfall in mill imeters: 89 Total down-time: 3.0 days 
Gage down from 4/4/97 7:02 (38) through 4/7/97 7:05 (38) due to transmitter fai lu re ; no rain fell. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage# 5400) for Water Year 1996 

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

. 98 

. 47 
. 08 

. 08 

. 12 

. 28 

. 79 . 12 . 35 
. 28 

. 08 

. 51 . 08 

. 08 

. 43 

. 16 

0 . 00 0 . 47 0.00 0 . 24 1. 50 1. 06 0 . 00 0 . 00 0.00 0 . 83 0 . 79 

0 . 00 0 . 47 0 . 47 0 . 71 2 . 20 3 . 27 3.27 3 . 27 3 . 27 4 . 09 4 . 88 

0.00 0 . 47 0 . 00 0 . 16 0 . 98 0 . 79 0 . 00 0 . 00 0 . 00 0 . 28 0 . 43 

0 1 0 2 2 2 0 0 0 7 2 

Maximum Daily Rainfall 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Number of Days with Rain 

Annual Rainfall in mm: 161 
Gage down from 8/04 23:54 (104) through 8/08 11 :54 (104) for unknown reason ; no rain fell. 
Gage down from 9/19 07:01 (161) through 9/24 19:01 (161) for unknown reason , no ra in fell. 

SEP 

. 43 

. 04 

. 08 

. 04 

. 87 

1 . 46 

6 . 34 

0 . 87 

5 

0 . 98 

1 . 50 

6 .3 4 

21 

Gage down from 9/28 07:01 (161) through 10/01 07:01 (0) due to for unkn own reason , assume no rain fell. 
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Flood Control District of Maricopa County ALERT System 
Dai ly Rainfa ll at Agua Fria @ Buckeye Rd (gage# 5400) for Water Year 1995 

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Notes: 

0 . 31 

0.24 

0 . 24 0 . 31 

0 . 24 0 . 55 

0.24 0 . 31 

1 1 

Annual rainfall in mm: 172 

0 . 04 0 . 47 
0 . 39 0 . 20 
0 . 12 

0 . 04 
0 . 08 

1. 06 

0 . 63 0 . 31 
0 . 20 0.04 

0 . 04 

2 . 48 1. 14 

3 . 03 4 . 17 

1. 06 0 . 47 

7 6 

0 . 04 
0 . 12 

0 . 12 

0 . 04 

0 . 31 

4 . 49 

0 . 12 

4 

0.24 

0 . 43 
0 . 39 

1. 06 

5 . 55 

0 . 43 

3 

0 . 04 

0 . 24 
0.16 

0 . 43 0 . 00 0 . 00 0 . 00 

5 . 98 5 . 98 5 . 98 5 . 98 

0 . 24 0 . 00 0 . 00 0 . 00 

3 0 0 0 

Maximum Daily Rainfa ll 

0 . 04 

0 . 04 
0 . 24 
0.08 

0 . 39 

6.38 

0.24 

4 

Maximum Monthly Rainfal l 

Total Annual Rainfal l 

Number of Days with Rain 

SEP 

0 . 12 
0 . 20 

0 . 08 

0 . 39 

6 . 77 

0 . 20 

3 

1 . 06 

2 . 48 

6 . 77 

32 
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Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Santa Cruz@ SR 84 (gage# 785) for Water Year 1994 

DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Notes: 

OCT NOV DEC 

Partial annual rainfall in mm: 87 
Gage installed 3/16/94. 

JAN FEB MAR APR MAY JUN JUL AUG 

0 . 04 

0 . 59 

0 . 20 
0 . 08 
0 . 16 

0 . 04 
0 . 28 

0 . 51 
0 . 55 0 . 04 
0 . 04 0 . 12 

0 . 24 

0 . 87 0 . 12 0 . 55 0 . 00 0 0 4 7 0 . 87 

0 . 87 0 . 98 1 . 54 1. 54 2 . 01 2 . 87 

0 . 55 0 . 12 0 . 51 0 . 00 0 . 24 0 . 59 

3 1 2 0 3 4 

Maximum Daily Rainfall 

Maximum Monthly Rainfall 

Partial Annual Rainfall 

Number of Days with Rain 

SEP 

0 . 08 

0 . 04 

0 . 20 

0 . 12 

0 . 12 

0 . 55 

3 . 43 

0 . 20 

5 

0 . 59 

0 . 87 

3 . 43 

18 

Gage down from 9/3 10:15 (75) through 9/7 22 :15 (76) due to repeater problem; assigned ra infall to 9/4. 
Gage down from 7/28 18:43 (48) through 8/02 22:13 (51) due to repeater problem; assigned rainfall to 7/28. 
Gage down from 8/1 4 10:1 6 (67) through 8/1 7 22:16 (72) due to repeater problem; ass igned rainfall to 8/16. 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1 4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
2 4 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage# 5400) for Water Year 1993 

Oct Nov De c Jan Feb Mar Ap r Ma y Jun Jul Aug Sep 

. 12 . 0 8 
1. 02 

. 28 
. 4 7 . 75 
. 55 . 08 

1. 26 . 3 5 . 7 9 
. 16 

1. 3 8 
. 3 9 
. 1 6 . 12 
. 0 8 
. 2 0 . 2 8 
. 0 4 . 0 4 
. 3 9 
. 35 

. 08 . 59 
. 08 

. 04 
. 12 

. 2 4 . 0 4 . 12 . 04 

. 91 . 55 . 4 7 . 67 

. 08 . 12 1. 26 

0 . 00 0 . 00 3 . 70 5 . 0 4 1. 93 0 . 83 0 . 00 0 . 00 0 . 00 0 . 00 3 . 11 0 . 12 

0 . 00 0 . 00 3 . 70 8 . 74 10 . 67 11 . 50 11 . 50 11 . 50 11 . 50 11.50 14 . 61 1 4 . 72 

0 . 00 0 . 00 1. 26 1. 38 0 . 79 0 . 47 0 . 00 0 . 00 0 . 00 0 . 00 1. 26 0 . 12 

0 0 7 13 7 4 0 0 0 0 7 1 

Maximum Daily Rainfa l l 1 . 38 

Maximum Month l y Rainfa ll 5 . 04 

Total Annua l Rainfal l 1 4. 72 

Number of Days wi t h Rain 39 



I 
I Flood Control District of Maricopa County ALERT System 

Daily Rainfall at Agua Fria@ Buckeye (gage# 5400) for Water Year 1992 

I DAY Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 
---------------- - ----------- - ----------- ------------------------ - - - - -- --------

I 
1 .31 
2 . 24 . 16 
3 . 20 . 31 
4 . 08 . 08 

I 5 . 08 . 16 
6 . 43 . 04 .3 9 
7 1. 2 6 . 12 . 20 
8 .12 . 28 

I 9 . 35 
10 . 04 . 43 . 24 . 12 
11 . 2 4 . 0 4 . 79 . 28 

I 
12 . 08 
13 . 2 4 
14 . 12 
15 . 08 

I 16 
17 
18 . 43 
19 1. 02 

I 20 .04 . 08 . 24 
21 . 24 . 28 
22 . 75 

I 
23 . 04 . 35 
24 . 83 
25 
26 

I 27 . 04 . 39 
28 . 04 
29 . 12 . 04 
30 . 12 . 16 . 08 . 08 

I 31 

SUM 0.04 0 . 39 2.09 1. 18 2 . 01 2.05 0 . 47 0 . 79 0 . 00 2 . 05 1. 77 0 . 00 

I ACC 0.04 0 . 43 2 . 52 3 . 70 5 . 71 7 . 76 8.23 9 . 02 9 . 02 11 . 06 12 . 83 12 . 83 

MAX 0.04 0 . 12 1. 02 0 . 43 1. 2 6 0 . 39 0 . 31 0 . 28 0 . 00 0 . 83 0 . 75 0 . 00 

I NO . 1 4 5 7 7 9 2 5 0 6 4 0 

I 
Maximum Daily Rainfa ll 1 . 26 

Maximum Monthly Rainfall 2 . 09 

I 
Tota l Annual Rainfall 12.83 

Number of Days with Rain 50 

I 
I 
I 
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DAY 

1 
2 
3 
4 
5 
6 
7 

8 
9 
10 
11 
12 
13 
1 4 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO. 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage# 5400) for Water Year 199 1 

Oct Nov Dec Jan Feb Ma r Ap r May Jun Jul Aug Sep 

. 55 . 12 
. 16 

. 20 
. 55 

. 04 
. 51 

. 43 

. 08 

. 04 
. 16 
. 31 

. 04 
. 35 

. 04 
. 12 . 28 . 08 

. 04 . 63 
. 04 . 47 . 04 
. 08 

0 . 55 0 . 28 0 . 16 0 . 59 0 . 63 1. 97 0 . 00 0 . 00 0 . 00 0 . 00 0 . 63 0 . 55 

0 . 55 0 . 83 0 . 98 1. 57 2 . 20 4 . 17 4 . 17 4 . 17 4 . 21 4 . 21 4 . 84 5 . 39 

0 . 55 0 . 16 0 . 08 0 . 55 0 . 47 0 . 63 0 . 00 0 . 00 0 . 00 0 . 00 0 . 51 0 . 35 

1 2 3 2 4 7 0 0 0 0 3 2 

Maximum Daily Rainfall 0 . 63 

Maximum Monthly Rainfall 1. 97 

Total Annual Rainfall 5 . 39 

Number of Days with Rain 24 
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DAY 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Flood Control District of Maricopa County ALERT System 
Daily Rainfall at Agua Fria@ Buckeye (gage # 5400) for Water Year 1990 

Oc t 

. 0 4 

. 12 

. 08 

. 67 

0 . 91 

0 . 91 

0 . 67 

4 

Nov 

. 04 

0 . 04 

0 . 94 

0 . 04 

1 

Dec 

. 04 

. 04 

0 . 08 

1. 02 

0 . 04 

2 

Jan 

. 16 

. 04 

. 35 

0 . 55 

1. 57 

0 . 35 

3 

Feb 

. 20 

. 12 

0 . 31 

1 . 89 

0 . 20 

2 

Ma r 

. 04 

. 12 

. 28 

0 . 43 

2 . 32 

0 . 28 

3 

Ap r May Jun Jul Aug 

. 04 

. 08 

. 31 . 94 
. 08 
. 08 

. 12 . 47 

. 79 

. 04 . 79 

. 08 

0 . 04 0 . 08 0.31 2 . 72 0 . 67 

2 . 36 2 . 44 2 . 76 5 . 4 7 6 . 14 

0 . 04 0 . 08 0 . 31 0 . 94 0 . 47 

1 1 1 5 4 

Maximum Daily Rainfall 

Maximum Monthly Rainfall 

Total Annual Rainfall 

Numbe r of Days with Rain 

Sep 

1 . 06 
. 04 
. 24 

. 75 

. 12 

. 20 

. 35 

2 . 76 

8 . 90 

1. 06 

7 

1. 06 

2 . 76 

8 . 90 

34 
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DAY 

l 
2 
3 
4 
5 
6 
7 

8 
9 
10 
ll 
12 
l3 
14 
15 
16 
l7 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

SUM 

ACC 

MAX 

NO . 

Flood Contro l Distr ict of Maricopa County ALERT System 
Daily Rainfall at Agua Fria @ Buckeye (gage # 5400) for Water Year 1989 

Oct 

l. 22 

l. 22 

l. 22 

l. 22 

1 

Nov 

. 20 

. 75 

.04 

0 . 98 

2 . 20 

0 . 75 

3 

Dec 

0 . 00 

2 . 20 

0 . 00 

0 

Jan Feb Ma r 

. 63 

. 04 
. 55 

0 . 67 0 . 00 0 . 55 

2 . 87 2 . 87 3 . 43 

0 . 63 0 . 00 0 . 55 

2 0 1 

Apr May Jun 

. 08 

0 . 00 0 . 08 0 . 00 

3 . 43 3 . 50 3 . 50 

0 . 00 0 . 08 0 . 00 

0 1 0 

Jul 

. 08 

0 . 08 

3 . 58 

0 . 08 

l 

Aug 

. 31 

. 08 

0 . 39 

3 . 98 

0 . 31 

2 

Maximum Daily Rainfall 

Maximum Monthly Rainfal l 

Par t ial Annual Rainfall 

Number of Days with Rain 

Station installed on 10/06/1988. 

Sep 

. 04 

0 . 04 

4 . 02 

0 . 04 

1 

l. 22 

1 . 22 

4 . 02 

12 
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APPENDIXB 
Hydrologic Analysis: 

Rational Method Calculations 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

HYDROLOGIC CALCULATION SUMMARY SHEET 
RATIONAL METHOD 

Project Name: Elm Lane 
Project No.: 05220 

Landmark Engineering, Inc. 

Prepared by: CSB 
Revised by: CSB 

Date: 09/25/05 
Date: 

Complete calculations for each concentration point are presented in the attached hydrolog ic calculation sheets. 

c I A 
Runoff Coefficient Intensity Area 

Concentration Frequency Frequency 
Point 10-year 50-year 100-year 10-year 50-year 1 00-year 1 0-year 

ID [in/hr] [acres] 

WA 0.48 0.53 0.56 3.9 5.8 6.7 29.42 55.07 
W B 0 .58 0.64 0. 69 4 .2 6.2 7 14.44 35 .1 8 

we 0.65 0.72 0.75 3.3 5.1 5 5.95 57.89 124.17 

05220-HydroCalcs.xls Summary Table 

Q 
Peak Discharge 

Frequency 
50-year 1 00-year 

[cfs] 

90.44 11 0.38 
57 .3 69 .75 

214.66 258.33 

1 of 1 
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HYDROLOGIC DESIGN DATA SHEET 
RATIONAL METHOD 

Landmark Engineering, Inc. 

Concentration Point ID: W A 

Project Name: Elm Lane Drainage 
Project No.: 05220 

Prepared by: CSB 
Checked by: 

Location Data 
State: Arizona 

Design Data 
Design Frequency: 

Check Frequency: 

Check Freq uency: 

Drainage Area (A)= 

Watershed Characteristics 

100 

50 

10 

29.42 

Hydrologic Soil Group: 

Vegetation Cover: 
Class ification Type: 

Rational Method Computations 

[yrs l 

[yrs] 

[yrs l 

[acres ! 

<25 
A 

Time of Concentration, (TcP): 

Tc = ll.4*L0.5*Kb0.52*S-0.3 1 *i-0.38 

Frequency 

[yr] 

10 
50 
100 

L 
s 

m 

-0.00625 
-0.00625 
-0.00625 

Peak Discharge (Q): 

Q= C,i.A 

A 

[mi] 

[ft/mil 
[in/hr] 

b 

0.04 
0.04 
0.04 

[cfs] 

[acres! 

[in/hrj 

Coumy: Maricopa 

Flow PatJ1 Lengtll (L)= 

Elevation Max: 

Elevation M'": 

Elevation Difference: 

Flow PatJ1 SlopcAvemgc (S)= 

[%] 
(Reference, Table 3.1 , Page 3-3) 

Kb 

0.03082 1 
0.03082 1 
0.03082 1 

Kb=m Log A+ b 
m= -0.00625 
b= 0.04 

A= Area [acres] 

Tc 

[min] 

14.0 
12.0 
11 .0 

[in/hr] 

3.9 
5.R 
6.7 

c Ru noff Cocntcicnt 
c (2) _ 

50 - 0.48 
c (2) _ 

50 - 0.53 

C10o (2) = 0.56 

Q10 = 55 .07 [cfs] 

90.44 

110.38 

[cfs] 

[cfs] 

Reference: Drainage Design Manual fur Maricopa County, Arizona, Volume I, 
Hydrology, .January I, 1996 

05220-HydroCalcs.xls DA-WA 

Date : 09/26/05 
Da te: 

City: Avondale 

2225.00 1ft] 

972.00 lft] 

955.00 [It] 

17.00 [ft] 

0.00764 [ft/ftJ 

Page 1 of 1 
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HYDROLOGIC DESIGN DATA SHEET 
RATIONAL METHOD 

Landmark Engineering, Inc. 

Concentration Point ID: WB 

Project Name: Elm Lane Drainage 

Project No.: 05220 
Prepared by: CSB 
Checked by: 

Location Data 
State: Arizona 

Design Data 
Design Frequency: 100 

Check Frequency: 50 

Check Frequency: 10 

Drainage Area (A)= 14.44 

Watershed Cha r acteristics 
Hydrologic Soil Group: 

Vegetation Cover: 

Classi li cation Type: 

Rational Method Computations 

[yrs l 

[yrs] 

[yrsl 

[acres I 

<25 
A 

Time of Concentration, (Tc)<2l : 

Tc = 11.4*LO.S *Kb0.52*S-0.3 1 *i-0.38 

F requency 

[yr] 

10 

50 
100 

L 
s 

m 

-0.00625 

-0 00625 
-0.00625 

Peak Discharge (Q): 

Q= C.i.A 

A 

[mi] 

[ft/mil 
[in/hrJ 

b 

0.04 
0.04 

0.04 

[cfs] 

[acres ! 

[in/ hrl 

County: Maricopa 

Flow Path Length (L)= 

Elevation Max: 

Elevation Mu, : 

Elevation Difference: 

Flow Path SlopeAvmgc (S)= 

1%1 
(Reference, Tab le 3 .1, Page 3-3) 

Kt, 
0.032753 

0.032753 
0.032753 

Kb=m Log A+ b 
m= -0.00625 

b= 0.04 
A = Area [acres] 

T. 

[min] 

12.0 

10.0 
10.0 

[inlhr] 

4 .2 

6.2 
7 

C Runoff Coefficient 

Cso (2) = 0.58 

Cso (2) = 0.64 

C10o 
(2) - 0.69 

Q10 = 35. 18 [cfs] 

57.30 

69.75 

[cfs] 

[cfs] 

Reference: Dra inage Design Manual fur Maricopa County, Arizona , Volume I, 

Hydrology, .January I, 1996 

05220-HydroCalcs.xls DA-WB 

Date: 09/26/05 

Date : 

City: Avondale 

1275.00 [fll 

96 1.00 [ft] 

955.00 [ft] 

6.00 [ft] 

0.0047 1 [ft/ft] 

Page 1 of 1 
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HYDROLOGIC DESIGN DATA SHEET 
RAT IONAL METHOD 

Landmark Engineering, lnc. 

Concentration Point ID: WC 

Project Name: Elm Lane Drainage 
Project No.: 05220 

Prepared by: CSB 
Checked by: 

Location Data 

State: Arizona County: Maricopa 

Design Data 
Des ign Frequency: 

Check Frequency: 

Check Frequency: 

Drainage Area (A)= 

Watershed Characteristics 

100 

50 

10 

57.89 

Hydrologic Soil Group : 

Vegetation Cover: 

[yrs J 

[yrs] 

[yrs J 

[acres ! 

J%1 

Flow Path Length (L)= 

Elevation Max: 

Elevation Mm : 

Elevation o;rrcrence: 

r:Iow Path SlopeAvcmgc (S)= 

Class ification Type: 
<25 
A (Reference, Table 3. 1, Page 3-3) 

Rational Method Computa tions 

Time of Concentration, (Tc)<2l : 

Tc = 11.4*L0.5*Kb0.52*S-0.3 1 *i-0.38 

Frequency 

[yr] 

10 

50 
100 

L 
s 

m 

-0.00625 
-0.00625 
-0.00625 

[mil 
[ft/mil 
[in!hrl 

b 

0.04 
0.04 
0.04 

~ 
0.028984 
0.028984 
0.028984 

Peak Discharge (Q): 

Q = C. i. A 

A 

[cfs] 

[acres ! 

[in/ hrJ 

C Runoff Cocfli cient 

Cso (2) = 0.65 

Cso (2) = 0.72 

C !Oo (2) = 0.75 

Q. 0 = 124 . 17 [cfs] 

Qs0 = 2 14.66 [cfs] 

Qwo = 258.33 [cfs] 

Kb=m Log A+ b 
m= -0.00625 
b= 0.04 

A = Area [acres] 

T c 

[min] 

19.0 
16.0 
15.0 

[in!hr] 

3.3 
5. 15 
5.95 

Reference: Drainage Design Manual for Maricopa County, Arizona, Volume I , 
Hydrology, January I , 1996 

05220-HydroCalcs xis DA-WC 

Date : 09/26/05 
Date: 

City: Avondale 

3255 .00 Jl"t] 

973.00 lfl] 

956.00 I ftl 
17.00 [ft] 

0.00522 [fl/ ftj 

Page 1 of 1 
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s min. 

Page 1 

"'' 

eo oo 2[~ 

!DURATION (Tc)II.41N UTES 

FIGURE 2.2-13 
Rajof.all Intensity (I) Values for Use in Rational Mellhod 

Source: Hydro\:>gic Design Ma nual or Mru-lcopa. County 

1\ 



I 
Maricopa County IDF Values 

I Time Intensity Intensity Intensity 
Minutes 10 year 50 year 100 year 

5 6.00 8.00 9.00 

I 
6 5.50 7.50 8.50 
7 5.20 7.00 8.00 
8 4.95 6.75 7.50 

I 
9 4.70 6.45 7.25 
10 4.50 6.20 7.00 
11 4.35 6.00 6.70 
12 4.20 5.80 6.50 

I 13 4.00 5.55 6.30 
14 3.90 5.45 6.00 
15 3.75 5.30 5.95 

I 16 3.65 5.15 5.75 
17 3.50 5.00 5.50 
18 3.45 4.80 5.45 

I 
19 3.30 4.70 5.25 
20 3.20 4.50 5.10 
21 3.15 4.40 4.95 
22 3.00 4.30 4.80 

I 23 2.95 4.10 4.70 
24 2.85 4.00 4.55 
25 2.80 3.95 4.45 

I 26 2.75 3.85 4.40 
27 2.65 3.80 4.25 
28 2.60 3.70 4.20 

I 29 2.55 3.55 4.10 
30 2.50 3.50 4.00 
40 2.12 2.9 3.36 

I 
50 1.84 2.52 2.87 
55 1.75 2.40 2.70 
60 1.67 2.25 2.55 
65 1.58 2.10 2.40 

I 70 1.49 1.97 2.25 
75 1.42 1.90 2.13 
80 1.33 1.83 1.98 

I 85 1.25 1.75 1.92 
90 1.18 1.68 1.86 
95 1.12 1.62 1.80 

I 
100 1.06 1.56 1.74 

From: Drainage Design Manual for Maricopa 

I 
County, Ari zona, Vollume I, Hydrology, January 1, 

I 
I 
I 
I Page 2 1\ 
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HYDRAULIC CALCULATION SHEET 
Weighted "C" Calculations 

Project Name: Elm Lane 
Project o.: 05220 

Prepared by: CSB 
Revised by: 

Date: 09/25/05 
Date: 

Purpose: Calcu late the weighted "C" value fo r the contributory area for use in developing peak discharge calcu lations. 

Calculations: Weighted Cw= (CRoads • A Roads + Cvacland • Avacland + CRes·ARes)/ Arotal 

Results: 
Areas 

Entire Contributory Area sq It acres 
10-yr 

Roads 103207.49 2.37 0.8 
Vacant land 482495.08 11 .08 0.3 

Single Family Residential/Commercial 695689.97 15.97 0.55 
Total Area 1,281,393 29.42 0.48 

sqft acres 
W/0 Vacant Land (Retention) 10-yr 

Roads 103207.49 2.37 0.8 
Vacant land 0 0.00 0.3 

Single Family Residential/Commercial 695689.97 15.97 0.55 
Total Area 798,897 18.34 0.58 

05220-HydroCalcs.xls Weighted C (3) 

C Values 

50-yr 
0.9 

0.35 
0.6 

0.53 

C Values 

50-yr 
0.9 

0.35 
0.6 

0.64 

100-yr 
0.95 
0 .35 
0 .65 
0.56 

100-yr 
0.95 
0 .35 
0 .65 
0.69 

1 of 1 
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T.able .3.2 
RUtl =f C-OEFF ZIEtiTS FOR. MARJ:o - A COUN 

Ru olif Coefficiemts lb~· Sil:o;rm Frequemcy·1• ~ 

L:md Use 
2- r01 Year 2.5 Year SUI Year 1ill0 

Code L d Use C a·t e g o.r'j min max min lll.JX min max min 
. ._,'LDR '•lery Lc tJ.' De sity r.:esident ~ ~. C.33 0.+2 0.35 0.45 0.40 C.50 •: .41 

LDR L•::•,1 c- siL}' -.:: er:; idential ~ 0.42 1 __ 48 ,_ .45 '"-~·03 C.50 0.58 C.53 

'.1C-.:. ~·,ed· 1 De sity -:e!:ident ~ "- :~ . 48 0.55 0.53 c .. l2 1~. 58 CU 8 C.50 

M· R Muttiple Fa,.lily Re-:;ide ·al3 •: .55 0:.75 f'l .. ..... -·· ~ 0.83 C.78 .~.90 ~.82 

1- • .nd !:lr - 13! C.50 : . .-0 C.55 c ... ... C.72 0.84 C.r5 

1:2 dLJ!:t'.:; ..... ~ 
.:. 1_.70 :•.80 L.77 C.88 C.84 0:.95 ~ . 88 

C1 C:::wmrc-~"!i a l 13- O. fi5 - ~ · C.55 0.51 0. r 2 0.55 CU 8 0.59 

C2 ,.-::w1rr -"Di - 1 2 ~ 0 .• ·5 •: .85 0.83 0.94 C.90 C.95 C.94 

p ? -3 ·.·ement and ::;;L i't:cp-:. ~ ---·' ~· : .85 0.83 C.94 C.90 C.96 C.94 

GR 13r~ ·.-e- Rood1 ·.~·;'!:· & S wulders !_ .60 - .10 , __ 55 C.77 ~-t '7 ·"'\ 
. I~ .~ . 84 1-! .75 

AG Agric iura I 0. 10 C 20 0. 1· i' .......... 
- - ~10! C. 12 l.., ..... .. 

- · 'i' - .13 

LPC La~· - ·=·:;""'k != .,- ,::;n·,:.·eriec: :I ~ ~ - 1 _.- -. - C. 10 :1.25 ox C28 0 .1::: C.30 0. 13 

DL 1 ~esert La :c;;,... g 1 O. "i5 . ~ : .85 C.51 C.94 C.55 C.95 0.59 

DL2 : !E!Sert Lan::I!:CO:JP g 2 0 .30 ~1 .40 0.33 C.44 0.35 0.48 0.38 

NDR J nde· .. ~ loped C~E'!i e rt R:mgeland •: .30 0.40 0.:13 C.44 C.36 0:.48 C.38 

NHS - lillslcpes, .Ecncran De!:ert :.+o 0.55 0.44 C.51 C.48 C.56 0.50 

~- ~.1- . ~. iai , Terr.- .: .60 C.80 0.55 0.88 ,~ < ? - ·' - C.Q5 0.75 

o.e--.;-
1. RL 1c· c::-:mcl: r s. reo-2:- . .sc- a d C• J - ';~;;.r ~ · on1 · eiJuer•::_es •\":r: .j;:.-h· : d L:~ l rg a:JjL ~ :-n ,:. t •:;.-·or::. ~ 

1. 0, 1 . .:.J a c • 2e· es. ce rrtt•· = l~ :;pel : a o : e ;:!- IJ Yea· I .JI e::. 1; .1 a upp:r I Ito 0 . ~6. 

2 . h: r.3r9e--=:. o· ce ~te·m .... . :r:S! =E- 1C\~ r -'or Jr: ;; 1 .Jr!j ::.: s. ·. ere Je l•,•8j · ron·1 o c ·~ era;e ::::a pj~ -c ::. 
::.:><:cme-j lr re zc 1 :1_ · mtr.Jrc.:-;; ro ". ancoJ ::::o n:~'· 

.3. RL 1c- .::c..;~:; e t:s. ror L t.ar 1 ~ 1 ~ L :~s Jr: rc.- lw . • :,.:r•era.; e =r 'i;; -. :: ()). o ~;:; :J !;e re a~_a::: :r: :;:re: . 
. Jrd r:gt·-o -'.'ii' .. "-0', or aile,:~ . 

e<!lr 

max 

C.53 

C.50 

L.82 

0.94 

G1.88 

:.95 

Gi.81 

: .95 

: .95 

: .88 

__ 26 
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APPENDIXD 
Hydraulic Calculations: Hydraulic Grade Line 

Calculations for Elm Lane Storm Drain 
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HYDRA ULIC CALCULATION SHEET 
HYDRAULIC GRADE LINE CALCULATIONS 

Project Name: E~n Lane Drainage Study 

Pr oject Nu.: 05220 
Prepared by: CS B 

Revised by: CSB 
Date: 09/24/05 
Date: 11/1 5/2005 

Purpose : Evaluate the hydraulic grade line (hgl) in storm drain line for the 1 00-year frequency storm event. 

Methodology: h g 11nlet = h g loullet + h L-P1pe + h L-Structures + hL-Inlet 

Assumptions: 1. The water su rface at the pipe outlet is at the pipe soffrt 

2 . Use head loss calculated for a straight-thru manhole to analyze entrance head loss (kb=0 .5) 

Criteria: The hgl is to be a minimum of 0.50 feet below theinlet headwall or pavement (at junction) elevation. 
co rresponding to the 1 0-year fequency storm event. 

References: 1. Drainage Design Manual for Maricopa County, Arizona, Voilume II , Hydraulics , January 1, 1996 

Calculations: 

Head Loss In Pipe: Head Loss Across Manhole/In let : 

h, = L • n2 
• 0 2 I 2.21 • A 2 

• R413 

R =AlP 
A= 0.25"PI"D' 

P= PI"D 

h, = k • v2 1 2 • g 

V= Q/A 

kMH·Thw = 0.05 

kMH-Bend ;:: 

klnlet = 0.5 

[It] 

[ft/s] 

(Reference 1 , Page 4-17) 

(Reference 1, Figure 4.7 , Page 4-19) 

I. D. Pipe I Manhole/Inlet El"•' Elcont.ol 

D L n a A p R hL k v hL 

[in] [ft) [cfs] [ft2] [ft] [ft) [ft] [ft/s) [ft] [ft] [ft] 
EXISTING ELM LANE STORM DRAIN 

Outlet 951.82 --
MH 24 649.00 0.013 7.5 3. 141 6 6.2832 0.5 0.71 0.2 2.39 0.02 952 .55 956.00 
In let 18 190.00 0 .013 7.5 1.7671 4.7 124 0.375 0 .97 0.5 4.24 0.14 953 .66 954.19 

UPGRADED ELM LANE STORM DRAIN 
Outlet 952.32 --

MH 60 649 .00 0 .013 110.38 19.635 15.708 1.25 1.16 0.2 5.62 0.1 953.58 956 .00 
In let 60 190.00 0.013 110.38 19.635 15.708 1.25 0 .34 0.5 5.62 0.25 954 .17 954. 19 

UPGRADED ELM LANE STORM DRAIN WITH UPSTREAM RETENTION BASIN 
Outlet I I I 951 .82 --

MH I 48 I 649.oo I 0.0 13 69.75 12.5664 12.5664 1 1.53 0.2 5.55 0.1 953.45 956.00 
Inlet I 48 I 19o.oo I 0.013 I 69.75 I 12.5664 I 12.5664 1 0.45 0.5 5.55 0.24 954.14 954. 19 

05220-HydroCalcs.xls HGL Calculations - - - - - - - - - - - - -

Depth 

hg l 

[ft] 

3.45 
0.53 

I 
I 

2.42 
0.02 

2.55 
0.05 

t of 1 - - - - -
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HYDRAULIC CALCULATION SHEET 
Retention Calculations 

Landmark Engineering, Inc. 

Project Name: Elm Lane 
Project No. : 05220 

Prepared by: CSB 
Revised by: csb 

Date: 11 /03/05 
Date: 11 /15/2005 

Purpose: Evaluate the req uired and provided retention volumes in order to assess conformance to project crrteria. 

Methodology: Calculate the volume of storm water required to be retained using Crty of Avondale crrteria. Calcu late the volume 
of stormwater retained using stage-storage relationship for retention basin geometry. 

Criteria: Retain the calculated storm water run-off for the 100-year frequency, 2-hour duration storm event. 

References: 1 Drainage Design Manual for Maricopa County, Arizona. Volume I - Hydrology 

Calculations: Volume Required = C * (P/12)* A [ac-ft] (Reference 1) 

Vo lume Provided= (A, + A2)/2 • d/43560 [acre-It] 

Weighted Cw= (CPavement ' APavement + CRes • ARes + CLs'ALs )/Arotal 
Results: 

Calculate Retent ion Volume Required: 
Surface 

Asphalt PavemenVConcrete/Roof 
Medium Densrty Residential 

Landscaping/Vacant Land 

c 
0.95 
0.65 
0.35 

Vo lume Required= C • (P/12)' A 
P = 2.8 

Areas [Sq ft] 
Area Asph. Pvmt./ Med. Dens. 

ID Landsc.Nac. Conc./Roof Residential 

WB 482495 
Elm Subdivision 632895 

Totals 482,495 0 632,895 

Calculate Retention Volume Prov ided : 

[ac-ft] 
[in] 

C Values 

Total Cw 
482,495 0.35 
632,895 0.65 

1,115,390 

v 
[acre-It] 

0 .90 
2.20 

3.10 

CALCULATE RETENTION VOLUME PROVIDED IN BASINS 
Retention 

Basin El Area Volume Provided 

ID [ft] [ft2] [ft3] [acre-ft] 
WB 962 16016.00 I 

959 10400.00 39624 I 0 .91 
SUBTOTAL 39624.00 I 0.91 

Elm Basin I 955 I 6016.00 I I 
I 952 I 2800 .00 I 13224 I 0 .3 

SUBTOTAL I 13224.00 1 0.30 

Rio Vista/ I 954 I 12032.00 I I 
Elm Basin I 951 I 6560.00 I 27888 I 0.64 

I SUBTOTAL I 27888.00 I 0.64 

Totals 80736.00 1.85 

05220-HydroCalcs.xls Ret Basin (2) 1 of 1 
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Worksheet 
Worksheet for Rectangular Channel 

Project Description 

Worksheet Rectangular Chann• 

Flow Element Rectangular Chann• 

Method Manning's Formula 

Solve For Discharge 

Input Data 

Mannings Coeffic 0.013 

Slope 005000 ft/ft 

Depth 0.50 ft 

Bottom Width 12.00 ft 

Results 

Discharge 28.96 cfs 

Flow Area 6.0 ft2 

Wetted PerimE 13.00 ft 

Top Width 12.00 ft 

Critical Depth 0.57 ft 

Critical Slope 0.003358 ft/ft 

Velocity 4 .83 ft/s 

Velocity Head 0 .36 ft 

Specific Ener~ 0.86 ft 

Froude Numb• 1.20 

Flow Type )upercritical 

k:\ ... \drainage\05220-normaldepthcalculations.fm2 Landmark Engineering 
11 / 17/05 03:43:55 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA 

Project Engineer: Craig S. Bolze 
FlowMaster v6. 1 [614o) 

(203) 755-1 666 Page 1 of 1 
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Curve 
Plotted Curves for Rectangular Channel 

Project Description 

Worksheet 

Flow Element 

Method 

Solve For 

Input Data 

Rectangular Channt 

Rectangular Chann< 

Manning's Formula 

Discharge 

Mannings Coeffic ) .013 

Depth 0.50 ft 

Attribute 

Bottom Width (ft) 

Slope (tvft) 

Minimum Maximum Increment 

5.00 20.00 0.50 

0.005000 0.010000 0.001000 

70.0 

Worksheet: Rectangular Channel - 1 
Discharge vs Bottom Width Varying Slope 

-------r-------~-------~-- ----T-------T----- - -~-- -- ---7 - --- 0.005000 ft'ft 

65.0 

60.0 

55.0 

50.0 

~ 45.0 
.... _....._ 

C\1 (/) 
.!:(3 40.0 
~'-" 
0 35.0 

30.0 

25.0 

20.0 

15.0 

I 
_____ _ _ L _______ L _______ L _______ ~ _______ L _______ j _______ j __ 

---- - ~---- --~--- -- t 
I 

I 
-------------

L ______ L_ 
- -- L -

+ -
I 

----~--

1 

I 
____ J._ __ 

-------r-------r-------r----
1 

I 

I 
-------r----

I 

I I 

I 

I I -----,-------,----- -, 

------'"-------J 
I 

----.--------4---------+------ -I 

- ----~---------------~--

0. 006000 ft'ft 
0.007000 ft'ft 

----- 0.008000 ft'ft 
-- 0.009000 ft'ft 

0.01 0000 ft'ft 

1 0.0 '----'----'-- _...J...._ ___ _jL__ __ _j ___ _jL__ __ _j ___ ___J 

4.0 6 .0 8.0 10.0 12.0 14.0 16.0 
Bottom Width 

(ft) 

k:\ ... \drainage\05220-normaldepthcalculations.fm2 Landmark Engineering 
11 /17/05 03:43:43 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA 

18.0 2 0 .0 

Project Engineer: Craig S. Baize 
FlowMaster v6.1 [614o] 

(203) 755-1666 Page 1 of 1 
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Worksheet 
Worksheet for Broad Crested Weir 

Project Description 

Elm Lane Worksheet 

Type 

Solve For 

Broad Crested I 

Discharge 

Input Data 

Headwater Elev< 156.12 ft 

Crest Elevation 155.75 ft 

Tailwater Elevati 0.00 ft 

Crest Surface Ty Paved 

Crest Breadth 5.00 ft 

Crest Length 20.00 ft 

Results 

Discharge 

Headwater Height Above 

13.46 

0.37 

Tailwater Height Above C 955.75 

Discharge Coefficient 2 .99 

Submergence Factor 1.00 

Adjusted Discharge Coeff 2 .99 

Flow Area 7.4 

Velocity 1.82 

Wetted Perimeter 20.74 

Top Width 20.00 

cfs 

ft 

ft 

us 

us 
ft2 

ft/s 

ft 

ft 

k:\ .. . \drainage\05220-normaldepthcalculations.fm2 
11 /17/05 03:44:57 PM © Haestad Methods, Inc. 

Landmark Engineering 
37 Brookside Road Waterbury, CT 06708 USA 

Project Engineer: Craig S. Bolze 
FlowMasterv6. 1 [614o] 

(203) 755-1666 Page 1 of 1 
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Project Description 

Worksheet 

Type 

Solve For 

Input Data 

Elm Lane 

Broad Crested I 
Disch arge 

Crest Elevation 155.75 ft 

Tai lwater Elevati 0.00 ft 

Crest Surface Ty 0 aved 

Crest Breadth 5.00 ft 

Crest Length 20.00 ft 

Curve 
Plotted Curves for Broad Crested Weir 

Attribute Minimum Maximum Increment 

Headwater Elevation 955.00 

90.0 ---------- '1-

80.0 ---- - -

70.0 

60.0 ---------

Q) 

~ 50.0 
ro(i) 
.r:u u 
.~ ....... 40.0 
0 

30.0 -- - - -

20.0 --------- -

10.0 -----------

957.00 0.10 

Worksheet: Elm Lane 
D ischarge vs Headwater Elevation 

-- r 

- .J -- -

-I- - - - - -

L 

-- - -T - - -- ---

1 

I 

-----+------ - -1 

O . O L---------~--------~----------~--------------------~---------L--------~ 

955.6 955 .8 956 .0 

k:\ ... \drainage\05220-normaldepthcalculations.fm2 

956.2 956.4 
Headwater Elevation 

(ft) 

Landmark Engineering 

956.6 956 .8 9 57.0 

Project Engineer: Craig S. Bolze 
FlowMaster v6. 1 [614o] 

11 /17/05 03:44:45 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 
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Worksheet 
Worksheet for Irregular Channel 

Project Description 

Worksheet 

Flow Element 

Method 

Solve For 

Central Ave Secl 

Irregular ChannE 

Manning's FormL 

Discharge 

Input Data 

Slope 009000 ft/ft 

Water Surface Elev< 956.50 ft 

Options 

Current Roughness Metho Jved Lotter's Method 

Open Channel Weighting r Jved Lotter's Method 

Closed Channel Weightin~ Horton's Method 

Results 

Mannings Coeffic 0.012 

Elevation Range 5.23 to 956 .00 

Discharge 632.96 cfs 

Flow Area 58 .8 ft2 

Wetted Perimeter 71 .53 ft 

Top Width 70 .00 ft 

Actual Depth 1.27 ft 

Critical Elevation 957.02 ft 

Critical Slope 0.001823 ft/ft 

Velocity 10.76 ft/s 

Velocity Head 1.80 ft 

Specific Energy 958 .30 ft 

Froude Number 2 .07 

Flow Type Supercritical 

Calculation Messages: 
Water elevation exceeds lowest end station by 0 .89 ft. 

Roughness Segments 

Start 
Station 

End Mannings 
Station Coefficient 

1+20 0 .012 

Natural Channel Points 

Station Elevation 
(ft) (ft) 

0+50 955.61 

0+60 955 .23 

0+75 956 .00 

0+80 955 .90 

1+00 955.50 

1+20 955.90 

k:\ ... \drainage\05220-normaldepthcalculations.fm2 
11 /17/05 03:45 :08 PM © Haestad Methods, Inc. 

Landmark Engineering 
37 Brookside Road Waterbury, CT 06708 USA 

Project Engineer: Craig S. Bolze 
FlowMasterv6.1 [614o] 

(203) 755-1666 Page 1 of 1 
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Curve 
Plotted Curves for Irregular Channel 

Project Description 

Worksheet 

Flow Element 

Method 

Solve For 

Input Data 

Slope 009000 ftlft 

Options 

Central Ave Secl 

Irregular Channe 

Manning's Formt 

Discharge 

Current Roughness Me tho :>ved Lotter's Method 

Open Channel Weighting r :>ved Lotter's Method 

Closed Channel Weightin£ Horton's Method 

Attribute Minimum Maximum Increment 

Water Surface Elevatr 955.00 956.20 0. 10 

Worksheet : Central Ave Section 
Discharge vs Water Surface Elevation 

350.0 --- -- -,-

300.0 ------ -r- ----

250.0 ----

Q) 

Ol 200.0 r--- -
~Ui 
.r:
(.)0 
(/) ........ 
0 150.0 ------ -,-

100.0 ------ I 

50+ ··· 

T 

~-· 

o.o~-~-~ ............ =~::::::::::=====--
955.2 955.3 955.4 955.5 

k:\ ... \drai nage\05220-normaldepthcalcu lations. 1m2 

955.6 955.7 955.8 
Water Surface Elevation 

(ft) 

Landmark Engineering 

955.9 956.0 9 56.1 956.2 

Project Engineer: Craig S. Bolze 
FlowMaster v6. 1 [614o] 

11 /17/05 03:45:27 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 1 
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PROPOSED RETENTION BASIN --, 
3' DEEP, 4: 1 SLOP£, 330' X 54' 
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