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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

RIO VERDE-NORTH 

FLOODPLAIN DELINEATION STUDY 

INTRODUCTION 

hrpose  of Study 

The purpose of this Floodplain Delineation Study is to investigate the existence and severity of 

flood hazards in the vicinity of Rio Verde in northeastern Maricopa County, for the following: 

Un-named Wash A from its confluence with the Verde River to the west line of Section 25, T5N, 

Un-named Wash A South from its confluence with Wash A to its split from Wash A at River Mile 

Un-named Wash F from its confluence with the Verde River to the west line of Section 30, T5N, 

@ R7E. 

Un-named Wash I from its confluence with the Verde River to the west line of Section 30, T5N, 

The area studied is located in unincorporated areas of Maricopa County, Arizona. 

Coordination and Acknowledgements 

References used in this study are described in Section 6 of Study Documentation. 

The rainfall distribution for the 6-hour duration storm is that suggested in Reference 13. The 24- 

hour rainfall distribution used for this study is the SCS Type 11. 

The hydrology and the Technical Data Notebook-Hydrology for this study were prepared by 

Wood, Pate1 & Associates, Inc. 



The study was publicized in local print media, with no subsequent response from the public. 

Intermediate review meetings have been held between personnel of Burgess & Niple; Wood, Pate1 & 

Associates; the Flood Control District of Maricopa County; and the Arizona Department of Water 

Resources. 

This study has been coordinated with a concurrent study titled Rio Verde-South, which is located 

adjacent to the southerly boundary of this study. 

AREA STUDIED 

Scope of Study 

Areas selected for study were based upon potential for future development. This floodplain 

delineation study covers unincorporated areas of Maricopa County, as described below: 

Un-named Wash A from its confluence with the Verde River (River Mile 0.00) to the west line of 

e Section 25, T5N, R6E (River Mile 2.494) 

Un-named Wash A South from its confluence with Wash A (River Mile 0.00) to its split from 

Wash A at Wash A River Mile 1.586 (River Mile 0.896) 

Un-named Wash F from its confluence with the Verde River (River Mile 0.00) to the west line of 

Section 30, T5N, R7E (River Mile 0.961) 

Un-named Wash I from its confluence with the Verde River (River Mile 0.00) to the west line of 

Section 30, T5N, R7E (River Mile 0.625) 

The study area is shown in Figure 1 

Community Description 

Maricopa County has a total area of 9,238 square miles and is located in the south central region 

of Arizona. Total Maricopa County population in 1990 was 2,122,101. The area is experiencing 

rapid population growth, having grown from 1,509,262 in 1980. 





Terrain in Maricopa County varies from mountains to plains. Numerous small, intermittent 

streams and washes traverse the county. Major streams include the Gila, Salt, Verde, Agua Fria, 

New and Hassayampa Rivers. 

The area is located within the Sonoran Desert with mild, short winters and long, hot summers. 

Principal Flood Problems 

Storms during summer months generally originate in the Gulf of Mexico area and tend to be 

intense and of short duration. Storms at other times of the year generally originate in the Pacific 

Ocean and tend to be gentler rains of longer duration. Flooding may occur at any time of the year. 

Flood hazards along the streams result when the channels overflow and inundate development 

which may occur along the streams. 

Flood Protection Measures 

No flood protection measures exist within the study area. 

ENGINEERING METHODS 

Hydrologic Analyses 

The watershed was modeled using the U.S. Army, Corps of Engineers HEC-1 computer 

program. The program (Version 4.0.1E) is dated May, 1991. Modeling was accomplished using the 

SCS Unit Hydrograph; Initial and Uniform Losses; and routing, combining and diversion of sub-basin 

hydrographs. Derivation of input data, assumptions and procedures used in preparation of the. 

computer model are discussed in the accompanying Hydrology Technical Data Notebook prepared by 

Wood, Pate1 & Associates, Inc. 

Peak discharge - drainage area relationships for the 100-year, 24-hour storm are shown in 

Table 1. 



Table 1 
Summary of Discharges 

flood in^ Source and Location 

Un-named Wash A 
At the Verde River 
Below Wash A South @ RM 0.658 
Above Wash A South @ RM 0.820 
Below Wash A South split @ RM 1.367 
Above Wash A South split @ RM 1.472 
At RM 2.403 
At RM 2.494 

Un-named Wash A South 
At Wash A 
Below Wash A split 

Un-named Wash F 
At the Verde River 
At RM 0.961 

Un-named Wash I 
At the Verde River 
At RM 0.076 
At RM 0.625 

Drainage Area 
(sq.miles) 

Peak Discharge 
100-Year 

(cfs) 

Hydraulic Analyses 

Standard hydraulic methods were used to determine 100-year recurrence interval flood hazards 

for this study. Analyses reported herein reflect current conditions of the streams. 

Cross sections for the backwater analysis are digitized from aerial mapping at 1:2400 scale with 

a contour interval of 2 feet (Reference 1). Locations of selected cross sections used in the hydraulic 

analysis are shown in the Flood Profiles (Exhibit 1). Cross section locations are aIso shown on the 

Flood Boundary Maps (Exhibit 2). Mannings "n" values were obtained during a field reconnaissance 

May 9, 1994. Values ranged from 0.02 to 0.08. 

Flood profiles are drawn showing computed water surface elevations to an accuracy of 0.5 feet 

for a flood of 100-year frequency. Water surface elevations for Un-named Wash A, Un-named Wash 

A South, Un-named Wash F and Un-named Wash I are computed through the use of the Department 

of the Army, Corps of Engineers HEC-2 Water Surface Profiles computer program as implemented 



by Dodson and Associates, Inc. in their May 1991 Version 4.6.2 of ProHEC2. Starting elevations 

were obtained using critical depth. Elevations used are referenced to the National Geodetic Vertical 

Datum of 1929. Locations of Elevation Reference Marks used in this study are shown on the maps 

(Exhibit 2) and are described in the Elevation Reference Marks Table. 

FLOODPLAIN MANAGEMENT APPLICATIONS 

This study has been performed to meet the standards of the National Flood Insurance 

Program as defined by Reference 12. 

A prime purpose of the National Flood Insurance Program is to encourage state and local 

governments to adopt sound floodplain management programs. This study, therefore, includes a 

flood boundary map designed to assist communities in developing sound floodplain management 

measures. 

Flood Boundaries 

In order to provide a national standard without regional discrimination, the 100-year flood has 

been adopted by the Federal Emergency Management Agency (FEMA) as the base flood for purposes 

of floodplain management measures. The boundary of the 100-year flood has been delineated using 

flood elevations determined at each cross section; between cross sections, the boundaries were 

interpolated using topographic maps at a scale of 1 :2400 with a contour interval of 2 feet 

(Reference 1). 

The boundary of the 100-year flood is shown on the Flood Boundary Maps (Exhibit 2). Small 

areas within the flood boundaries may lie above the flood elevations, and therefore, may not be 

subject to flooding. Due to limitations of the map scale and lack of detailed topographic data, such 

areas are not shown. 



Flood ways 

Encroachment on floodplains, such as artificial fill ,  reduces the flood carrying capacity, increases 

flood heights of streams, and increases flood hazards in areas beyond the encroachment itself. One 

aspect of floodplain management involves balancing the economic gain from floodplain development 

against the resulting increase in flood hazard. For purposes of the National Flood Insurance 

Program, the concept of a floodway is used as a tool to assist local communities in this aspect of 

floodplain management. Under this concept, the area of the 100-year flood is divided into a floodway 

and a floodway fringe. The floodway is the channel of a stream plus any adjacent floodplain areas 

that are to be kept free of encroachment in order that the 100-year flood can be carried without 

substantial increase in flood heights. Minimum federal standards limit such increases in flood heights 

to 1.0 foot, provided that hazardous velocities are not produced. Typical relationships between the 

floodway and the floodway fringe and their significance to floodplain development are shown below 

in Figure 2. 
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The area between the floodway and the boundary of the 100-year flood is termed the floodway 

0 fringe. The floodway fringe thus encompasses the portion of the floodplain that could be completely 

obstructed without increasing the water-surface elevation of the 100-year flood by more than 1.0 foot 

at any point. 

Flows in the washes included in this study are in the supercritical regime and velocity conditions 

are such that normal encroachment analyses are inappropriate. Furthermore, Wash A, between 

Section 0.700 and Section 1.557, and Wash A South are relatively small channels with limited 

capacity. A substantial part of the 100-year flow is conveyed as shallow overbank flow, producing 

floodways that are very wide with large areas of shallow flooding. Therefore, flooding is shown as 

Zone AE with no floodway calculated. 

INSURANCE APPLICATION 

For flood insurance rating purposes, flood insurance zone designations are assigned to a 

community based on the results of the engineering analyses. These zones are as follows: 

Zone A: Zone A is the flood insurance rate zone that corresponds to 100-year 

floodplains that are determined in the Flood Insurance Study by approximate 

methods. No base flood elevations or depths are shown within this zone. 

Zone AE: Zone AE is the flood insurance rate zone that corresponds to 100-year 

floodplains that are determined in the Flood Insurance Study by detailed 

methods. In most instances, whole-foot based flood elevations derived from 

detailed hydraulic analyses are shown at selected intervals within this zone. 

Zone AH: Zone AH is the flood insurance rate zone that corresponds to the areas of 100- 

year shallow flooding (usually areas of ponding) where average depths are , 

between 1 and 3 feet. Whole-foot base flood elevations derived from the 

detailed hydraulic analyses are shown at selected intervals within this zone. 



Zone AO: Zone A 0  is the flood insurance rate zone that corresponds to the areas of 100- 

year shallow flooding (usually sheet flow on sloping terrain) where average 

depths are between 1 and 3 feet. Average whole-foot depths derived from the 

detailed hydraulic analyses are shown within this zone. 

Zone X: Zone X is the flood insurance rate zone that corresponds to areas outside the 

500-year floodplain, areas within the 500-year floodplain, areas of 100-year 

flooding where average depths are less than 1 foot, areas of 100-year flooding 

where the contributing drainage area is less than 1 square mile, and areas 

protected from the 100-year flood by levees. No base flood elevations or 

depths are shown within this zone. 

OTHER STUDIES 

The floodplain delineation study for Rio Verde-South is adjacent to the southerly boundary of this 

study and is currently being prepared. The two studies have been coordinated. 

LOCATION OF DATA 

Survey, hydrologic, hydraulic, and other pertinent data used in this study may be obtained from 

the Flood Control District of Maricopa County, 2801 West Durango Street, Phoenix, Arizona 85009. 



ELEVATION REFERENCE MARKS (ERM) 
FOR MARICOPA COUNTY 

FLOOD CONTROL DISTRICT 
RIO VERDE-NORTH 

ERM EL = 1571.265 

This station is located approximately 0.17 miles east of Forest Road and 
approximately 65 feet south of the graded road to the Box Bar Ranch. The mark is a 
brass cap stamped U.S. Coast and Geodetic Survey. 

ERM EL = 1544.580 

This station is located at Section Corner (29, 30, 31, 32). The mark is a brass cap. 

ERM EL = 1655.995 

This station is located at Section Corner (25, 30, 31, 36). The mark is a one inch 
iron pin. 

ERM EL = 1803.815 

This station is located at the west quarter corner of Section 25. The mark is a brass 
cap. 

EFW EL - 1810.205 

This station is located at Section Corner (23, 24, 25, 26). The mark is a brass cap. 

EFW EL = 1571.387 

This station is located approximately 0.22 miles north along the graded Forest Service 
road from its intersection with Forest Road and Rio Verde Drive, thence east 
approximately 0.16 miles from the graded Forest Service road. The mark is a brass 
cap stamped " 1572 PHNX". 

ERM EL = 1591.660 

This station is located approximately 0.45 miles south of the north line of Section 30 
and approximately 40 feet east of the graded Forest Service road. The mark is a one 
half inch iron pin. 



FLOOD PROFILES 
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SECTION 1: General Documentation 
and Correspondence 



Community: 

NFIP Community Number: 

County: 

State: 

Date Study Accepted by FEMA: 

Study Contractor: 

Attn: 

Subconsultants: 

FEMA Technical Reviewer: 

FEMA Regional Reviewer: 

State Reviewer: 

Local Reviewer: 

River or Stream Name: 

Reach Description: 

Maricopa County, Arizona 

Maricopa 

Arizona 

Pending 

Burgess & Niple, Inc. 

Mr. Larry D. Culler, P.E. 
5025 East Washington Street, Suite 212 
Phoenix, Arizona 85034 
(602) 244-8 100 
FCD Contract 93-06 

Aerial Mapping Company, Inc. 
Chastain-Skillman, Inc. 
Wood, Pate1 & Associates, Inc. 

Pending 

Pending 

Mr. James R. Morris, P.E 
(602) 542- 154 1 

Mr. Pedro Calza 
(602) 506-1501 

Un-named Wash A 
Un-named Wash A South 
Un-named Wash F 
Un-named Wash I 

The following areas are included on FIRM panel numbers 
0875 and 1300. 

Un-named Wash A from its confluence with the 
Verde River to the west line of Section 25, T5N, 
R6E. (Approximately 2.5 miles) 

Un-named Wash A South from its confluence with 
Wash A to its split from Wash A at River Mile 
1.586. (Approximately 0.9 miles) 

Un-named Wash F from its confluence with the 
Verde River to the west line of Section 30, T5N, 
R7E. (Approximately 0.9 miles) 



Un-named Wash I from its confluence with the 
Verde River to the west line of Section 30, T5N, 
R7E. (Approximately 0.6 miles) 

Study Type: Un-named Wash A, Un-named Wash A South, Un- 
named Wash F, Un-named Wash I - Detailed riverine 
using HEC-2. 



SECTION 1: General Documentation 
and Correspondence 
1.2 Contact (Telephone) Reports 



CONVERSATION RECORD 

J O ~ N O . / S / ~ ~  . ~ o b ~ a m e & & ~ L '  a&,? V~~J!~-'A~&?& Date 47"/94 
BY Time 

With - &:,rrri.r; (.~BPG @$a&.g&c hi  .iLd7 ckp,~,&,&~ ) 
&fT dy ~ e l e ~ h o n e a  Incoming g o u t g o i n g  Telephone No. ( ) 

= V i s i t ,  Site City 

Regarding: 

Conversation Items: 

Action Required: I I Action Taken: 



gMKE, - .,: *: , 

- .. 
t-I-. . . - .... , . . . . - b 

McLaughlin L ~ e t t y  Engineers, Ltd. 
=ziEzT*X%*.: 'X Y<% Y ~ n : , . ~ ~ ~ % ~ ~ - ~ ~ ~ " ~ z v ~ ~ ~  

3501 North 16th Street Phoenix, Arizona 85016-6419 (602) 248-7702 FAX (602) 248-7851 

OF TRANSMITTAL Date: 02- 15-94 ~ o b  NO.: 89-407.003 
I I 

To: Attention: 
B u r ~ e s s  6 Niple, Inc. N r .  Russ Cruff 

I 

WE ARE SENDING YOU - X ATTACHED - VIA 

5025 East Washin~ton Street Suite 2 1 2  

Phoenix, Arizona 85034 

RC: Contract No. FCD 93-07 

Rio Verde South 

Description 

Original Affidavit of Publication on December 22, 1993 and 

December 29, 1993, THE T I X E S  OF FOUNTAIN HILLS. 

Original: 

1 

Copies Date 



PUBLIC NOTICE 
, ---.- .-- 

YOUR RIQHT TO KNOW 
ANNOUNCEMENT OF FLOOD HAZ- 
ARD STUDY 
The flood Contrd Dirtrid d Msricapo 
County undet suthoci(r d the M i  
Fbod bur- A d  d 1968 @'.L S 
448). as armdad. and th. Fbod Di- 
urtw R*im Ao( d 1413 1P.L 93- 
224, n fundiq a drUbd study d 
fkod huord amas in ths Rio Verde 
Area and sumxtndii M W .  Arizona 
The study b being psrfamal for the 
Fbod Control Datrid by Burgess 6 
N i i  Ewins8n and McLaughlin K W  
Engi~G. 
T h e p u ~ d t h k s t u d y ~ t o ~  
a+ evaluate fbod hatardrr in 
wh& 4m us O I  ocw to 
davdopsd and to detemjns fkmd aleva- 
tiomfatha4uasr. ~ f l w d  
d o w t i i  mil b U..d by MUiooPP 
COU* to wry out (bodpbin mna~a 
mnn .nd by f-'ywE- 

%%kd Fbod Inrur- 
m P q m  
~hhuuKnncMat*Wt~ndIfy 
dlinlaartedmdth.- 
n r n l d t h i i d u d y W W t h . y ~  
hpyaanopportvn~tobringw+ 
vant faarux fLec twucr lQLP~ng  
koPlfbodharaFdrtoths.LI.6nllo!ld 
th. Flaod Conhd Did& for m*- 
ation in che mm d dudy. Suoh 
infoendm should k pddnrsdd to M s .  

, 5 2 8 0 1  w. Durolgo *&. 
PhoMc. O M  85009. td.phm 

FH finme 
t m  & 1- 

. 

AFFIDAVIT OF PUBLICATION 

A publication of Western States Publishers, Inc. 

STATE OF ARIZONA 
COIJN'W OF MARICOPA , 1 "- 

L. ALAN CRUIKSHANK, being first duly sworn, upon oath deposes andsays: That 
he is the publisher of 

THE TIMES OF FOUNTAIN HILLS AND RIO VERDE 
a newspaper of general circulation in the County of Maricopa and the State of 
Arizona, published a t  Fountain Hills, Arizona, and that the copy hereto attached 
is a true copy of the advertisement as published weekly in The Times of Fountain 
Hills and Rio Verde on the following dates: 

December 22,  1993 
~ecember 29, 1 9 9 3  

--- 

Sworn to  before me this 

4 t h  -- day of 

F e b r u a r v  -- - - - A D .  19 - 9 L  

' ,  / 

/ / / 

i - \ , '  -- L C  - ' <  . - _-. - -- - -- - 
Notary Publlc 

,-- -- - . - , - -.- - -, ..--. 
r * I  , 

I ,  
I /  

- I  . 
\ - 

L 



E N G I N E E R S  

A R C H I T E C T S  

Burgo*= & Nlplo. Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. A Z  85034 

602 244-8100 

Fax 602 244-19 15 

LETTER OF TRANSMITTAL 

/?Arm,*, Az- t'socp 

WE ARE SENDING YOU: )Z( Attached 0 Under separate cover via the following items: 

C3 Shop drawings Prints 0 Plans 0 Samples 0 Specif icat ions 
O Copy of letter 0 Change order 0 

DATE 2 - 2- 7 4  

CI For approval 
0 For your use 
 AS requested 
O For review and comment 

JOB NO. /3-/'.5:3 

0 Approved as submitted O Resubmit copies for approval 
O Approved as noted Cl Submit copies for distribution 
0 Returned for correction C1 Return corrected prints 

RE: Fc30 73-0L 

J 

DESCRIPTION 

SA,~,, w 6 %  G//ec%-  

REMARKS 

THESE ARE TRANSMITTED: 

NO. COPIES 

I 

It  enclosuras are not as noted, kindly naity us at once. / /  

DATE 



RIO VERDE NORTH - FDS 

FCD 93-06 

SUMMARY OF DATA COLLECTION 

Burgess & Nile, Inc. 
5025 East Washington Street 

Woeaix, Arizona 85034 
. 602-244-8100 

Project No, 15183 

February 1994 



The Rio Verde - North study is located within T.5.N., Ranges 6 and 7.E., and can be found on U.S. 

Geological Survey 7 112 minute maps Bartlett Dam, Arizona and Fort McDowell, Arizona. The 

drainage from which the hydrology will be developed is also located within Townships 5 and 6.N. 

and R.5.E., and is also found on 7 112 minute maps for Wildcat Hill, Arizona and McDowell Peak, 

Arizona. 

FEMA FIRM Panels 0875 and 1300 of 4350 would cover the study area, with Panels 0850 and 1260 

covering portions of the upstream drainage basin. Of these panels, only 1300 has areas showing 

previous delineations, and these are south of this study area. Panel 0875 has not been printed. 

Contacts for the surveying portion of this study and the Rio Verde-South study, were made with: 

James Young 
U.S. Forest Service 
P.O. Box 5348 
2324 E. McDowell Rd. 
Phoenix, AZ 85010 
602-225-5200 

Bob Malone, Street Sup't 
Homeowners Association 
602-47 1-7240 
Golf Course (602-471-7010) 
(Betty Bayne, Pres., 602-47 1-7 105) 

Louie Hood, Planning Coordinator 
Fort McDowelI Indian Community 
P.O. Box 17779 
Fountain Hills, AZ 85269 
602-837-3678 

Bob Brethower 
Ranch Superintendent 
602-47 1-7 104 

During the data collection for the hydrology and hydraulics phases, the following contacts were made. 

Bobby Wallace 
U.S. Geological Survey, WRD 
Phoenix Subdistrict 
1545 W. University Dr. 
Tempe, AZ 
602-379-3086 

David Creighton 
Arizona Dept. of Water Resources 
Engineering Division 
15 South 15th Avenue 
Phoenix, AZ 85007 
602-542-1541 

Terry Brennan 
U. S . Forest Service 
Tonto National Forest 
2324 E. McDowell Rd. 
Phoenix, AZ 85016 
602-225-5200 

Grant Loomis 
U.S. Forest Service 
Tonto National Forest 
Carefree Ranger District 
602-225-5253 



Harry Milsap 
U.S. Soil Conservation Service 

George Lopez-Cepero 
Arizona Dept. of Transportation 

Steve Tucker 
Flood Control Dist. of Maricopa Co. 
2801 W. Durango 
Phoenix, AZ 85009 
602-506- 150 1 

The files of the Flood Control District of Maricopa County were also searched. These contacts and 

file searches have not turned up any studies specifically aimed at or within the study area. Two 

studies: 

1 .  "Methods for Estimating Magnitude and Frequency of Floods in the Southwestern 

United States", U.S. Geological Survey open-file report, by Thomas, Hjalmarson and 

Waltemeyer. It is being printed and should available in March 1994. 

2. "Arizona Highway Drainage Design Manual", dated March 1993 and prepared by 

George Sabol. 

These studies recently developed flood-frequency relations for Arizona. They may be useful in 

evaluating the hydrology developed for the study area. 

The Flood Control District also supplied the HEC-I model that they developed during the review of 

the Scottsdale Alluvial Fan Study. The area of this study is directly to the west of the Rio Verde 

Study area. Thus, the two areas may be similar. 
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ASSOCIATES 
Civil Engineers 

I ~ ~ d r o l o i i s t s  
Land Surveyors TIME I:SO~I...I. 

I 

COMPANY: F C V ~ L  
ATTENTION: -%ELI& ~ ~ C K E K  

FAX NO*:. Sob- I 

FROM: ' T ; f l q  RE~LS FAX N0.(602)234- 1322 
C 

PROJECT: \O VFWF ~ O R W  t-. 1. S. JOB WO. q 3 ~ 3 1 . m  

SITBJECT: STUD IF5 ! ko1.3 Y r c r A  

e CC: 

Wood, Pate! & Associates, Inc. 1550 East Missouri Street, Suite 203 (602)234-1344 Fax(602)234- 1322 
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Ad agency accepttng btds from Artzonebased 
hlspanic marketing companies for development 
of s eclaltzed pr2rams. Send company profile 
to: (vans~roup. 3 9 0  E. Cmelback. Sta. 325, 
Phx AZ 85016  Attn: AS. Proftles must be r e  
cetied no later than 4W. Jan 14th. 1994  Btd 
oackets wtll be forwarded upon request. No calls 
accepted. 
Published: . Arizona Re ubllc. December 29. 
1993; January 2.9.199j .  

INVOICE NO. 93653 
ANNOUNCEMENT OF FLOOD HAZARD STUDY 
The Flood Control District .of Maricopa County 

under authori of the Natlonal Flood lnsuranci 
act of 1968  $.L. 90-448,. as amended, and the 
Flood Dlsastar Protectton Act  of 1973 (P.L. 93- 
2341. is  fundina a detailed studv of flood hazard 
areas in The Rio Verde Area .and surroundina 
vicinity. Arizona. 
The study IS betng performed lot the Flood Con. 
trot D~strtct by Bur ess & N~ple Engtneers and 
McLaughltn Kmetty fnglneers. 
The purpose of this study IS to  examme end 
evaluate flood hazard m areas which are devel- 
oped or whlch are l~kely t o  be developed and to. 
determlne flood elevattpos for those areas. 
These flood elevations w ~ l l  be us& by Maricopa 
County t o  carry out floodplain management and 
by the Federal Emergency Management Agency 
to determine flood insurance rates under the 
Nettonal Flood Insurance Rogtam. 
This announcemant is intended t o  notify all in- 
terested persons of the commencement of this 
study so that they may have an opportunity to 
bring, an relevant facts and technical data COW 
carntng Yocd f l o ~ d  hs2wds to the attention of 
the Flood -Control District for consideration, in  
the course of t h ~ s  stud Such tnformatton 
should be addressed to &. Cathy Regaster or 
Mr. Magnus Jolayemi. Flood Conlrol Dlstrict of 
Martcopa Coun 2801 W. Duran o Street, 
Phoenix. A Z  telephone (6021 306-1501. 
Publtshed: Artzona Rspubltc. December 29. Jan- 
uarv 5. 1993. 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

REVIEW COMMENT FOR RIOVERDE NORTH . 
BY 

MAGNUS R. JOLAYEMI 
311 311 995 

SUBJECT: FLOODPLAIN DELINEATION STUDY, RIOVERDE NORTH 
BY BURGESS & NlPLE INC. 

I have reviewed the subject Preliminary Report for Rioverde North Study. And here are my 
review comments: 

1) ON theTopo Maps, all Elevation Reference Marks(ERM), Section Corners, Street 
Names, and Street Alignments need to be in bold letters for quick reference. 

2) Two sets of completed FEMA Forms to be submitted in a separate notebook. 

3) For FEMA submittal, see section 8 deliverables 



FLOOD CONTROL DlSTFIICT OF MARiC@FP\ COUNN 

REVIEW COMMENT FOi? SiOVEi?OE NORTH 
BY 

MAGNUS 8. J0LAYEMI 
1 I /30/1994 

SUBJECT: FLOODPLAIN DELINEATiGPf STUDY, RIQVEROE NORTH 
BY BURGESS & NtPLE 1NC. 

i have reviewed the subjed Draft of Flooda~sys for Rioverde North Study. And here are my 
review comments: 
I )  GENERAL COMMENT: 

Engln~er  need to show section, dnd quarter section comers on the Topo Map, 

Need to highlight the Elevation Bench Marks. 

Provide descllption and location for ttla EBM,s based on the National Geodetic 
vertical Datum of 1929. 

index map need to includs firm panel, arid the washes for quick reference. 

Legend should include the following symbols: s!rustures, utility poles, section comers, 
dirt roads, and paved roads. 

I t )  Engineer need to modify the ET stations inoraer to remove the negative rise !&SEL in 
the following cross-sections: 
1) Wash A: section 0.347 and 0.453 

2) Wash F: section 0.095 



E N G I N E E R S  

A R C H I T E C T S  

MEETING MINUTES 

Date: July 29, 1994 
10:30 a.m. 

Location: Flood Control District 
Maricopa County, Arizona 

Subject: 151 83 (FCD 93-06) 
Rio Verde North 

Burgess & Niple, Inc. Review Special Problems and Supercritical HEC-2 Model 
5025 East Washington Street 

Suite 212 Attendees: Pedro Calza, Flood Control District, Maricopa County 
Phoenix. AZ 85034 (FCDMC) 

602 244-8 100 Magnus Jolayemi, FCDMC 
Fax602 244-1915 Larry Culler, Burgess & NipIe (B&N) 

Stanley Johnson, B&N 

Items Discussed 

1. Determination of Manning's roughness coefficient "n" calculation sheets need to 
be included in the final report. A calculation sheet is needed for representative 
areas, such as where the channel "n" is: 0.035, 0.040, and 0.055. 

2. Only data pertaining to Wash F and I was reviewed. However, the same 
comments would be applicable to Wash A and Wash A South. 

A. Reduce "n" values that are the same and beside each other to 
one "nn value. 

B. Modify each section length so X3 encroachment cards can be 
eliminated in natural profile runs. 

C. Relook at cross section bank stations using the Corps of 
Engineers (COE) definition for channel and change the bank 
stations as needed to comply with the COE's definition. 
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3. On Special Problem No. 34, rewrite first sentence to read "... Cross Sections 
0.181 and 0.191 to confine the flow to Wash I." It was agreed that the bank 
station as shown on Cross Sections 0.181 and 0.191 is correct. 

4. If an island is less than 1.0 foot above the 100-year flood elevation, the island 
will not be delineated on the flood maps because the 1.0 foot height is less than 
the accuracy of the maps. The island will be designated a shaded zone X and 
called out as a community designated flood hazard area. A "Special Problemn 
to cover all cross sections that have an island less than 1.0 foot above the 100- 
year flood elevation will be included stating the above. 

If the height is greater than 1.0 foot and the area is being shown as an island, 
then a photograph of the island must be included along with an explanation of 
why it is being shown as an island. The COE's definition of an island needs to 
be looked at to make sure the area would be considered an island. The COE's 
definition deals with bank stability. A possible example of an island is shown 
on Wash F, Cross Section 0.683. 

5. All "nu values need to be checked to see if they need to be changed due to depth 
of flooding. 

6. It was agreed that due to the Washs' flow being supercritical, when the study is 
submitted to the Federal Emergency Management Agency (FEMA), the flooding 
will be shown as Zone AE with no floodway calculated. However, a floodway 
for each Wash will be calculated and given to the County. The floodway will 
be calculated assuming each Wash has the full flow in the channel. 

LVcLoa 
The Luke-Weeif3)study is a good reference to use for this study as it also shows 
flooding as being Zone AE with no floodway calculated. The County can 
supply the study for B&N's use. 

7. New cross section geometry should be obtained for any cross section whose 
alignment needs to be altered. 

8. The floodway line symbol on the flood maps will be used to delineate the 
floodway limits and will supersede the 100-year floodplain line symbol if both 
the floodway and floodplain are at the same location. 

copy: Mr. Pedro Calza, Flood Control District, Maricopa County 
Mr. Magnus Jolayemi, Flood Control District, Maricopa County 
Mr. Larry Culler, Burgess & Niple 
Mr. Stanley Johnson, Burgess & Niple 
Mr. Larry Woodlan, Burgess & Niple 



FLOOD CON'1-,3L D I S T R I C T  O F  MARICOPA COUNTY 
REVIEW COMMENT FOR R I O  VERDE NORTH F I S  

BY 
MAGNUS R.  JOLAYEMI, 6 / 2 7 / 9 4  

FIS OF RIO VERDE NORTH 

I BY BURGESS & NIPLE INC. 

I have reviewed the subject preliminary Rio verde North. And 
here are my review comments: 

I) General Comments : 
a)The Consultant will develop the computer model using the 

Corps of Engineer's HEC-2 
< 

b)The cross-sections are to be labeled using 
standard engineering stationing converted to the distance in 
river miles. 

c)I feel NH instead of NC card in the split flow area will be 
more 

* .. 4 appropriate. 

d)Flow breaks out occur in several locations along Wash A. 
This problem areas need to be addressed or resolved. 

11) SPECIFIC COMMENTS: 
1) Wash I e 9 

-In Section 725 ineffective flow area Need to be blocked 
out. 

2) Wash F 
-In cross-sections 095 & 195, does .055 N-value seems 
reasonable for the channel? 
-Cross-sections 481 & 570, I think the right and left banks 
N-values are turned around. 

3) Wash A South 
-Sections 016 & 0 2 8  the  channels are i n  t he  wrong 
Wash. 
-121 Need to contain the right overbank. 
-308 .02 may not be a reasonable N-value for right overbank. 
-774 Why is -08 used in the channel. 
-865 We need to contain the flow at the left over bank. 

4) Wash A 
-The following break out area need to be contained or 
addressed: 000, 
455, 551, 902, 1559, 1736, and 1808 
-In the following sections I feel NH card will be more 
appropriate:821, 
902, 990, 1118, and 1209 
-Ineffective flow area for cross-sections:1631, 1736, 1889, 
1986, 2115, 
2190, 2412, 2484, and 2502 

111) Preliminary Performance  valuations 
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Civi l  Engineers 
Hydrologists 
Land Surveyors 

I 
DATE 5 / 2 ~ / 4 ~  

TIME, @ :  2 0  Q W .  

COMPANY: B v a ~ w s  AIPL-E 

->~pq CUUE~,  .' L' - 

FAX NO.:. -2VLl-  19 / 5 

FROM: 3 , d  ./ F&Sr/d Fa ~0.(602)234- 1322 

PROJECT: /?,a &WE.- N0rz.r~ Fw5 JOB NO. 93&3/ 

SUBJECT: Re3.JSE 70 &-s'_f13~BJ7S 



May 20, 1994 

Ms. Sandy Story 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Re: Rio Verde - North FPDS 
511 8/94 meeting comments 

Dear Sandy: 

WoodlPatel would like to clarify one item of the meeting comments in the FCDMC 
Interoffice Memo dated 5/19/94. Specifically. item number 3. which reads "Please 
supply the District with the sensitivity analyses pieviously done by WoodlPatel, which 
indicate that a minimal amount of flow contributes to the deleted concentration 
points," implies that flows were computed at all of the concentration points proposed 
by Burgess & Niple Actually, "sensitivity studies" were not performed. Instead, rough 
drainage areas were scaled off of the 1"=400' work map, and we found that the sub- 
basins contributing to the deleted concentratioo points were very small, i.e.. less than 
30 acres. These areas are very insignificant compared to the overall wash drainage 
area (on the order of 4 square miles). From this, we concluded that flows would 
change very little as a result of adding the concentratioo points in question. 

informal sensitivity trials were performed to test t h e  effect of vaying the percentage 
of flow diversions in the upper part of the watershed. 'JVe found that vaiiations of 10 
to 20 percent in the flow split propcrticns did nat have a significant effect oil 
watershed outflows at the Verde River. 

Sincerely yours. 

IVOGD, PATEL & ASSOCIATES, INC. 

Tony Regis, EIT 
t-ydroloy is1 

@ cc: Larry Culle:, P.E., Burgess & Niple 
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FLOOD C014TROL DlSTTRiCT OF FJARICOPA COUNTY 

interoffice ?~lemorandurri 

T o: MRJ 

From: 

Subject: Review Comments - Rio Verde Nor~t-I 

Date: 511 9/94 

The Watershed Management Branch has reviswsd the "Rio Verde - North Floodplain 
Delineation Study Preliminary Hydrology Model Submittal". The t-tEC-1 met"1odology and sub- 
basin parameters were found to be reas6nab/e. AE a resujt of the meeting held yesterday 
(5/18/94 @ 3:OOpmf we realize that a few changes in watershed boundaries and concentration 
points will be made to account for split flow locations. However, we do have several 
comments concerning the teport. They are as follows: 

I 
1. Please set Up the rep00 in the fomat of the ADWR TDN. An outline of those standards 
was handed out in the kicg-off meeting. 

i 
2. Please include more taples as listed in the FCD's tist of required material for Fiood 
Delineation Studies (this does not have to include ail the tables listed). This information was 
also handed out In the kicK-off meeting. 

i 

3. Please include referen& material and calculations for rainfali depths and distributions. 

4. Please include referende material and calculations for the soils information, which inclcldes 
the extrapolation of the soils not included in the SCS soil survey. 

I 

5. Please include the information for estimating the vegetative cover and cross sections. 

6. Please include the loss parameter spreadstleets. 
I 

7 .  Please eniille the spht fiow ~nfor!,iation "Special Probiems!Soiutions" as indicated in the 
ADWR TDN. 

8. Please include a location map it1 the written report. 

9. Please incliide a list of jeferencsa. 

f 0. Please clean up flat& 1-3 by including a legend. 
I 

If you or th? consultants h4ve questioris a: need any other inforrnat~on, please feel free tc cp!! 
me. 



Divider 
2 . 3  Survey f i e l d  n o t e s ;  ijentify d n t ~ x  (h~rizontai ard 

ver%i.cal),  \$he" s c r v c y  e t a r t e d  acd completed. 7 Doc7ment wAo is t h e  e z c r e s s ~ o n a l  reogcnsible f o r  fieid 
work. 

Actual Survey f i 2 i C  nstes al-2 tc bs under separats 
cover sealed hy a reijiscered land surseyor .  

Divider 
2 4 Ftatsrsl~ed mays, hydrolo~ls anaiysis ~rthlss to be reduccci 

on ro an 11" x 1 7 "  fcZd out  or 8 ~ 1 2 ~  x 11'. Comrnw.ity 
nzn~e/l.ocar ion, st r e s t  xmtes ,  cdrrent corporate limits 
and data that is applicable co  the study area a r e  to be 
included un the re?uced mags. Ail seduced mnps must 
meet ths TDN dccmert-aciorl s t a d a r c i s  as sgecifieci i n  
section TIT of SSA 1-90, 

Full size watelrstteci :naps are to be referenced to TD1.J 
Secrion 3 - t iydroloc;~~.  

~ivider 
2 . 5  Xsp of warsrshecl bo!mSarj.cs iciantifyirtg sruciy are= 2nd 

floodplain delineations reduced cn 8 1 / 2 "  X 11" or 11" 
x 17" f o l d  out sheets- 

Full s i z e  hydraulic m5ps a r e  ro  he under separate 
cover. 

Divider 
2.6 Red lined FiP.Ms, shoTa,?g new f l o o d ~ l a i n  limirs and 

floodway if scale sllows. 
Divider 

2 - 7  Ccmunity Maps: ccn be i xco -~o ra r ed  i n r ~  2 . 4  or 2 . 5 .  
~ i v i d e r  

2 . 6  !disc .  m s p s  to ke r ~ f e r a ~ c e d  co cpgandix B.  
Tabbed Divider  

**Sections 6 , 7 ,  and B ta be included under this cover. 

SECTION 3 :  HWROLOGIC ANALYSIS - Under separate cover, Unlesa lnstrcrcted otherwise. 

The f i n a l  hydrologic report s k c i ~ l r l  iricl~cie, but is not I i r n i t r G  to 
t h o  foll?wiilg sections e r ~ d  dclcl;_l?;.~l?tatii;n.ti using ADWX sc&ndarcis:  

- C 

3 .  tarameter Esrii-i~a t i o n  
3 . 2 . 1  !-jrz E i : , ~ r i ( i a q  

- I > > .  . , . . - . - . -  W ' t ~ ~ ~ . " l c ~  S ; b . - E j ~ 3  i l l  pa:.aneters 
Ccr .er~ :  
S c i  1s Parmeters  - *a tershed , 9eiineccion an6 A r e s s  

L s n Z  Use Charact~risrics 
L a g  Times 
S-Graphs 
r7 , <:,.,1? - A - S:&rs>api cf Green & Euipt 



Parameters 
Table - Soil Lcss C s l c u l a t i m s  
Table - L+d U s e  
Table - ~iopes/~:ope AdjustmenCs 
Table - Sub-Basin Lag Time/Time of 
Concentration 
Table - Sub-Gasic Psrm~eters 

2.2 .2  ?.each Rocte P a r ? n . ~ t  ers 

General 
Field Reconnaissance 
Hydraulic Computations 
Channel i~filtration Losses 
Table - Reach Route Data 
Table - Reach Route Channel 
Infiltration Loss Data 

3 . 2 . 2 . 3  Scorage R c u t e  Parameters 
General 
Field Reconnaissance 
Hydraulic Computations 
Surface Area Cornputations 

Percolation Less 
Major Struccuses  

S t a t i s t i c a l  Uaraneters 

Precipitation 

3.2.4.1 Rainfall Pistrihution 
3 . 2 . 4 . 2  Precipitation Data 
2 . 2 . 4 . 3  Aerial Precipitttion Reduction 

Table - Aerial  Preci2itat lon Reduction 
Data 

3 . 2 . 5  Gage Data 
3.2.5.1 General  
3.2.5.2 Streanflow C;;lc.i~;!; Ststions 
3.2.5.3 Trecipitacicn Ghging Siatlonr 

3 . 3  Calibration 

3 . 4  Special Problems and Soil~t icf is  

3 . 5  F i r l ~ l  R~sulcs 
3.5.1 General 
3 . 5 . 2  Discussion of Results 

3 . 5 . 2 . 1  General 
3 . 5 . 2 . 2  CorIparison of Sesuits With 

Previo~is  S i u d i ~ ~ i S i s t o r i c ~ l  
~loclds 

T ~ b l e  - Surr fna~y of ?sa:-: Flc.ws compared 
to previous s t u d i e s  

2 . 5 . 2 . 3  Summaw of Res1 :Z t~  
  able - 100-Yesr ,  24 -Haur  Resalts 
Table - 100-Year, 6-Hour Resu l t s  
T a b l e  - Swv~rlar-f of Peak Flows at 
Key Locations c:: clie Watershed 

2 . 6  F i r , s l  r.;odal ing R e 5 u l t  5 on 3 i k ~ t t ~  is; 



2: ItTapping 8t S w a y  L i o m ~ t i a n  

*ADWR.TT?N Farm on ,napping 1 

2.1 Description of mapping, map ront~.ol 2nd m y  other swveg inforrr~atian used in st,~&. 
Nmative description of nlappkg a a d  ru-vey information used in study. 

2.2 Index of maps. 

2.3 S w e y  field notes 
Identify datum (11orizor.td adid vertical), when s w e y  was dohe, who is the 
professional responsible for field work. 

**Under sepamte covet: ckar end concise survey rwles with shetchea, notations 
should meat requirements of Stnte Technical Eonrd. 

*Prctfessia~al ce~ti,/icatiorz on. survey notes 
*Dcztum, date of topogragl~y, scalc, contour interuak. 
*Index map of the work maps-8 1 /2" x I d "  
*.ocatiori, map with. ERMs idetttijied 
"Flight map 

Watershed m a p  of the study area no larger than 11" x 17': to scale. 
ze study crca acr larger than 12" x 17'; to scalc. ., flwd &in mop o f 4 /  

**TJ~ese ar2 to be presenfcd as an ooer?riczu cxh.ibif of fhe st~&d.y 
% -- -- 

boundaries, forul busin, cnd flood plains. The consultant may coztbine ,/' 

the two maps d ~ ~ g l a y l f ~ g  Loth basin diuisions and flocd plains or present 
itldividual m p s .  , ..c - -- Section 3: Hydrology Analysis 

Y ' .-<', 
-, ' 
\*.~_DWH.TDN Hydr~loby Fat-nt. 
"General ruaiershed nrap of the. s t : ~ J ~  area on larger that 11" x 17" - fa seal.?, 
silotolng subbasin distributtor~ cm.d concen.trctlic~n points. 

3.1 Melllod descriptiun. 
Narr.ative ~Iescriptiofi of hydrologic method or model, ioclvde mdef  
name, date, w.d sollrce with ~~nters l leds  nndyzed by computer prngmr~s. 

3.2 Parmeter  estimation. 

Tilis section mrf it; ,o.;bscction~ sk,ould include all cdcuiationr; used to develui~ 
the hydrrrl vgy . 

3.21 Dr&ncige 2rek Boundaries 

3.2.2 Pilysicjl yzm.ieters 
Sheets for a O L ~ ~ T  pLJ~siciii hydrclcigic p ~ x m e : e r s ,  tLne of 
concentratiox, lag, hydro CN number, channel, percolation less 
estinacor!, N -+dues used ir hydro s tdies ,  trLmrect, etc. 



3.2.3 Statistic,d par~xneters 
Narrative discussion of data record e n d  informati.on svslilalsle on 
precipitation, m o E  ;rod discharge for region and watershed used 
for assessment of adequacy,and applicability of record under tW 
E ~ a e t i n  17R, (March IS'S", Discuss factom that effect the 
reasonable:~oss of frequency a d y  sis. 

3 3; P1.rcipit.atian 
Narrative discussion with s ~ p p o r t - ~ g  data andyzing historic 
precipitation recorh in or adjacent. to wzitershed in relation to 
watershed size, historic f l o o b g ,  type of i t o m ,  extent, duratiar, 
alid distribution pattern. Relarr: hypothetical model design 
precipitktiou and distribution frcrn stated reference source to 
historic recard and statistical p x m e k r s .  

3.2.5 Gage Data 
Identify and discuss lccations of ;my NW'S, USGS or other agency 
gape stations in or adjacent to the region and watershed in 
relation to  k ie to r i c  precipitatiori, watershed m o f f  and statistical 

3.3 Calibration. 
Narrative discussian should describe what calibration was accon~phhed or 
attampted. 

3-4 Special problemstsolutians. 
Nmrative discussiou of any speciul protLettw dt~rirly i l r ~  study und 
ulternutiues /final solutions. 

3.5 Final results/camputer runs. 
Include orr.tput discharge uolr;ries, tinws, ioater s:;rface ele~tations and peak 
flows. Results ere to be prcsenfed in ti.rbular firm as ictell as discussed in 
narrutir c text. F'uil Input and oktpcst listir-gs of all modt'ls shoutd be included. 

$. 3.6 F!'?zcL! input f i l g s  on cliskette(s). 

+ Soil tctblcs-., Waicrcclrad work ~ ~ p s ,  

Section 4: Hydraulic Analysis #' 

Y:AD S.SrR- TDN Form for fi,_~drculics 
FGen.zrcl Gr;rrl:iew mop c,,fstu& area, u!ith f c ~ d  pLaifi $:l ir~.~i~ti~lzs idm.tific?dt no larger 
11 " x .? 7" . ro s c c ! ~ .  

4.1 MeLhod descfiption. 
hTif .rr~t ivf  of the c-fetd water pr-~lile rn:ir!r! :ised as weii a5 an explmatiou of 
how the s t a ~ i n g  WSEL was derenlineil,. 

4.2 Fwmeter estimation. 



E N G I N E E R S  

A R C H I T E C T S  

MEETING MINUTES 

Date: 

Time: 

May 9, 1994 

3:00 P.M. 

Location: FCDMC 

Project No. : 15183 (FCD 93-06) 

Project Name: Rio Verde-North 
Burgess 81 Niple, Inc. 

5025 East Washington Street 
Subject: Review Cross Section Locations 

Suite 212 

Phoenix, AZ 85034 
Attendees: FCDMC Burgess & Nivle 

602 244-8100 

Fax 602 244- 19 15 
Magnus Jolayemi Larry Culler 
Pedro Calm Stan Johnson 

Russ Cmff 

ITEMS DISCUSSED: 

1. The method used in cross section selection. 

2 .  The reason for making very wide cross section for "WASH A" above Forest 
Road. 

3. The starting and ending point for each wash. 

4. FCDMC personnel agreed with the selected sections. 

5.  Gave copy of maps (1" = 200') with cross section locations to MCFCD 

copy : Magnus Jolayemi 
Larry Culler 
Stan Johnson 
Pedro Calza 



E N G I N E E R S  

A R C H I T E C T S  

MEETING MINUTES 

Date: 

Time: 

May 9, 1994 

7:00 A.M. 

Location: Study Area 

Project No. : 15 183 (FCD 93-06) 

Project Name: 
Burgess & Niple, Inc. 

Rio Verde-North 

5025 East Washington Street Subject: Select Manning's "nu Values 
Suite 212 

Phoenis, AZ 85034 
Attendees: FCDMC Burgess & Niple 

602 244-8 100 

Fax 602 244- 19 15 Larry Culler Magnus Jolayemi 
Stan Johnson 
Russ Cruff 

ITEMS DISCUSSED: 

The day was spent in the field reviewing the stre& reaches to be studied. Photographs 
were taken and "n" values selected at locations along the stream reaches. 

It was decided to designate the southern stream "WASH A", the middle stream "WASH 
F", and the northern stream "WASH I". 

copy: Magnus Jolayemi 
Larry Culler 
Stan Johnson 



E N G I N E E R S  

A R C H I T E C T S  

MEETING MINUTES 

Date: May 6, 1994 

Time: 1:00 P.M. 

Location: Adobe Room, FCDMC 

Project No. : 15 183 (FCD 93-06) 

Burgess & Niple, Inc. 
Project Name: Rio Verde-North 

5025 East Washington Street 

Suite 212 Subject: Select Stream Reaches for Delineation 

Phoenix, A Z  85034 

602 244-8100 Attendees: FCDMC Burgess & Nide 

Fax 602 244-1915 
' Magnus Jolayemi Larry Culler 

Ted Lehman Stan Johnson 
Russ Cruff 

ITEMS DISCUSSED: 

1. Presented maps showing location of possible stream reaches for study. 

2.  Discussed the various options. Magnus wanted the end of reaches to be at roads, 
section lines or some other physical feature. 

3. It was agreed to study the following: 

A. Stream which ends at concentration points 90 and 100, from Verde River 
upstream about 0.7 miles to section line alons east side of Section 25. 

B. Stream which ends in concentration points 210. from Verde River 
upstream about 1.0 mile to section line along east side of Section 25. 

C. Stream which ends in concentration point 190, from Verde River 
upstream to the split at Forest Road north of the intersection with Rio 
Verde Drive about 0.7 miles. Then up both channels of the split to the 
start upstream end of split (about 0.85 miles in each reach). Then from 
beginning of split, upstream to section line beriveen Section 25 and 26. 

copy: Magnus Jolayemi 
Ted Lehman 
Larry Culler 
Stan Johnson 



1. DATE: 

MEETING MINUTES 

March 29, 1994 

TIME: 9:00 a.m. 

LOCATION: Guadalupe Room, FCDMC 

PROJECT NO.: 93031 .OO 

PROJECT NAME: Rio Verde - North 
Floodplain Delineation Study, Hydrology 

SUBJECT: Preliminary Hydrology Coordination Review 

ATTENDEES: Buraess & Niple: 
Russ Cruff, P.E. 
Larry D. Culler, P.E. 
Larry J. Woodlan., P.E. 

FCDMC: 
Sandy Story 

Wood/Patel: 
Ash Patel, P.E. 
Tony Regis, Hydrologist @ 

ITEMS DELIVERED TO FCDMC: 

Preliminary working HEC-1 model package, sub-basin drainage map, soil 
parameters 

lTEMS DELIVERED TO BURGESS & NIPLE: 

Preliminary working HEC-1 model package, sub-basin drainage map, soil 
parameters 



@ ITEMS DISCUSSED: 

MEETING MlNUTES 
March 29. 1994 

1. Wood/Patells project progress is on schedule. 

2. The WoodIPatel working HEG-1 model submitted to B&N and FCDMC contains 
finalized precipitation and sub-basin data. Storage routing, channel routing, and 
flow split data have all been approximated for this HEC-1 model. The model 
output should be disregarded, however, because of the uncertainties in the 
application of the Clark unit hydrograph. 

cc: All Attendees 
Magnus Jolayemi, FCDMC 
Cathy Regester, FCDMC 



@ DATE: 

MEETING MINUTES 

March 29, 1994 

TIME: 9:00 a.m. 

LOCATION: Guadalupe Room, FCDMC 

PROJECT NO.: 93031 .OO 

PROJECT NAME: Rio Verde - North and Rio Verde - South 
Floodplain Delineation Study, Hydrology 

SUBJECT: Preliminary Hydrology Coordination Review 

ATTENDEES: Burqess & Niple: 
Russ Cruff, P.E. 
Larry D. Culler, P.E:' 
Larry J. Woodlan., P.E. 

FCDMC: 
Sandy Story 

Georae V. Sabol Consultina Enqineers, .Inc. 
George Sabol, PhD, P.E. 
Tom Loomis, P.E. 

McLauqhlin Kmettv Enqineers, Ltd. 
Frank Brown, P.E. 

WoodIPatel: 
Ash Patel, P.E. 
Tony Regis, Hydrologist +SF 

ITEMS DISCUSSED: 

1. Mr. Sabol stated that in his research, he found that the combination of S-graph 
# 18 (which he researched for FCDMC) and a Kn value of 0.020 may be 
applicable to the conditions found in this watershed. He stated that this may be 
preferable in lieu of using other S-graphs or the Clark unit hydrograph. Mr. 
Sabol suggested that while the Clark unit hydrograph is appropriate for many 
watersheds, it may be unsuitable for sub-basins in which the time of 
concentration is significantly greater than the duration of rainfall excess. In 
those cases, an S-graph may be more appropriate. 



MEETING MINUTES 
March 29, 1994 

2. Mr. Sabol acknowledged that the results of the test HEC-1 model by 
WoodIPatel that uses-the Phoenix Valley S-graph unit hydrograph and a Kn 
value of 0.055 agrees fairly well with the S-graph # 18 model with a Kn value of 
0.020. 

3. Preliminary HEC-1 results by WoodIPatel indicate that the Clark unit hydrograph 
does indeed produce flows lower than those produced using the S-graphs. This 
is often the case, and the Clark method may be more appropriate for smaller 
(and urban) sub-basins. 

4. FCDMC may prefer to use a District-approved unit hydrograph rather than the 
S-graph # 18. Sandy will discuss this issue with Amir Motamedi, Pedro Calza, 
and Joe Tram within the next day to decide whether to recommend the 
alternate S-graph # 18. 

5. Burgess & Niple, WoodIPatel, McLaughlin Kmetty, George Sabol, and FCDMC 
all concur on the proposed south watershed boundary of the Rio Verde - North 
hydrology study. Further analysis and inspection of detailed topographic maps 
may require minor changes due to flow breakouts. 

6. SCS soil survey data is not available adjacent to the Verde River. Mr. Loomis 
stated that it is possible to estimate soil groups using aerial photographs, He 
suggested meeting soon with SCS to determine soil groups in those areas. 

7. Mr. Sabol suggested that we consider eliminating channel routing when lengths 
are less than a minimum value, say 800 or 1000 feet. This will be addressed 
as the study progresses. 

8. Mr. Loomis stated that it would be appropriate to model routing reaches using a 
composite cross section representing one or several channels, since routed 
flows may be contained in more than one wash. 

9. Topographic mapping is expected to be completed by April 18 for the Rio Verde 
- North study area, and by April 30 for the south study area. 

cc: All Attendees 
Magnus Jolayemi, FCDMC 
Cathy Regester, FCDMC 



E N G I N E E R S  

A R C H I T E C T S  



DATE: 

MEETING MINUTES 

February 22, 1994 

PROJECT NO.: 
qu~G'f$S .s' H\PI£, \NC, 

93031 .OO 

NAME: Rio Verde - North 
Flood Insurance Study 

SUBJECT: Preliminary Hydrology Coordination Review 

ATTENDEES: Burqess & Niple: 
Russ Cruff, P.E. 
Larry Culler, P.E. 
Larry Woodlan., P.E. 

McLauqhlin Kmettv Enqineers, Ltd. 
Geza Kmetty, P.E. 

Georqe V. Sabol Consultinq Enqineers, lnc. 
George Sabol, PhD, P.E. 

WoodlPatel: 
Ash Patel, P.E. + 
Tony Regis, Hydrologist 5' 

I 
1 ITEMS DELIVERED TO BURGESS & NIPLE: 

Revised Master Drainage Plan - Tonto Verde by Brooks, Hersey & 
Assoc. 
Final Drainage Report - Tonto Verde Master Plan by Wiley & Assoc. 

ITEMS RECEIVED FROM BURGESS & NIPLE: 

e Gila Bend Area Floodplain Delineation Study Technical Data Notebook - 
Hydrology 

ITEMS DISCUSSED: 

1. According to Russ, streams 5 and 6 of the Scottsdale Alluvial Fan Study by 
FCDMC may be applicable to the Rio Verde North Study for comparison 
purposes. 



-- 

MEETING MINUTES 
February 22, 1994 

George suggested that a third S-graph unit hydrograph (called the piedmont S- 
graph) being considered by FCDMC may be appropriate for use in this study. 

. George stated that, in general, S-graphs are usually better suited for use in 
very large watersheds (on the order of 100 square miles); they tend to give 
larger flows than the Clark unit hydrograph. However, all three unit hydrograph 
methods (Clark, Phoenix Valley, and Phoenix Mountain) will be considered for 
use in this study. 

4. Russ and George will review the WoodIPatel test model; a meeting will be 
scheduled in approximately one or two weeks with FCDMC to discuss 
conclusions and select methodology for the hydrologic study. Russ also 
suggested that a computer diskette with the test results be submitted to Sandy 
Story, FCDMC, for the review of input. 

cc: All Attendees 
Magnus Jolayemi, FCDMC 
Sandy Story, FCDMC 
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E N G I N E E R S  FAX COVER SHEET 
A R C H I T E C T S  

Burgess & Niple, Inc. 

5025 East Washington Street 
Date: &/if/? 5 

Suite 2 12 

Phoenix. AZ 85034 

602 244-8 100 

Fax 602 244- 19 15 

Job Number: 

F-A*d&& 
TO: &&' /~~(LSLLC& 

We are sending you 2 additional pages, not counting this cover sheet. 
If all pages are not received, please call us as soon as possible. 

COMMENTS: 
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1 Federal Emergency Management Agency 
1 Washington, D.C. 20472 

,..> ,.. * + k ; - ,  
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MAY 0 9 1995 
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I //-I -: 
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CERTIFIED MAIL 
RETURN RECEIPT REQUESTED 

Mr. Ron Nevitt 
Program Manager, NFIP 
Regulatory Division 
Flood Control District of Maricopa County 
2801 West Durango Street 
Phoenix, Arizona 85009 

Dear Mr. Nevitt: 

.,, 
IN REPLY REFER TO: ,u, -, 

Case No. : 95-09-446P c- ;lv( 

Community: Maricopa County, Arizona 
Community No. : 040037 

This is in response to your April 20, 1995, facsimile transmittal regarding the effective FIood Insurance 
Study (FIS) report and Flood Insurance Rate Map (FIRM) for Maricopa County, Arizona and 
Incorporated Areas. 

You requested that we revise the FIS report and FIRM to show the effects of detailed hydrologic and 
hydraulic analysis of Unnamed Wash A, from its confluence with the Verde River to approximately 
13,170 feet upstream of the confluence; Unnamed Wash F, from its confluence with the Verde River to 

a approximately 5,070 feet upstream of the confluence; Unnamed Wash I, from its confluence with the 
Verde River to approximately 3,300 feet upstream of the confluence; and Unnamed Wash A South, from 
its confluence with Unnamed Wash A to its split from Unnamed Wash A, approximately 4,580 feet 
upstream of its confluence. Unnamed Washes A, A South, F, and I were previously unstudied. 

All data required to review this revision request were submitted with your April 20, 1995, facsimile and 
with a letter from you dated April 3,  1995. 

We have completed our review of the data submitted and have determined that the items listed below 
represent the best available data for the flooding sources listed above. 

Report entitled "Rio Verde - North Floodplain Delineation Study, FCD 93-06, Technical 
Data Notebook Hydraulics," prepared by Burgess & Niple, Inc., dated March 1995 

Report entitled "Rio Verde - North Floodplain Delineation Study, FCD 93-06, Technical 
Data Notebook Hydrology," prepared by Burgess & Niple, Inc. and Wood, Patel, 
& Associates, Inc., dated October 1994 

Report entitled "Field Survey Notes. Rio Verde North Floodplain Delineation Study, 
FCD 93-06, Wash A,  Wash A South. Wash F. Wash I,"  prepared by Burgess & Niple, 
Inc., dated March 1995 

Sheets 1 through 6 of the topographic work maps entitled "Flood Control District of 
Maricopa County, Flood Delineation Study of Rio Verde North, F.C.D. Contract 
No. 93-06," prepared by Burgess & Niple, Inc., dared August 1994 



Map entitled "Flood Control District of Maricopa Counry, Rio Verde - North F.P.D.S., 
Sub-Basin Delineation and Flow Path Map. Exhibit A," prepared by Wood, Patel 
& Associates. Inc., dated June 22, 1994, and revised September 28, 1994 

Map entitled "Flood Control District of Maricopa County, Rio Verde - North F.P.D.S., 
Soil Map Unit Data, Exhibit B," prepared by Wood. Pate1 & Associates, Inc., dated 
June 22, 1994, and revised September 28, 1994 

Map entitled "Flood Control District of Maricopa County, Rio Verde - North F.P.D.S., 
HEC- 1 Schematic Diagram, Exhibit C, " prepared by Wood, Patel & Associates, Inc., 
dated June 22, 1994, and revised September 78, 1994. 

Thank you for providing this information for our use in updating the effective FIRM. We will include 
this information in our next physical rnap revision of the FIRM for the Maricopa County, Arizona and 
incorporated Areas. The tentative date for the next preliminary FIRM is fall 1996. In the interim, your 
community may use these data in its floodplain management programs. 

If you have any questions regarding this matter, please contact Mr. John Magnotti of our staff in 
Washington, DC, either by telephone at (202) 646-3932 or by facsimile at (202) 646-4596. 

p/!!?? 
icha .Bucklev.P.E..Chief 

, 

Hazard Identification Branch 
Mitigarion Directorate 

cc: Ms. Terri Miller 
State Coordinator, NFIP 
Arizona Department of Water Resources 

Mr. Larry D. Culler 
Burgess & Priple; !nc. L. ,," 



aIJR(;ESS 8 fdii'l-E. IhlC; 
Mr. Ron Nevitt IN REPLY REFER TO: 
Program Manager, NFIP Case No. : 95-09-446P 
Regulatory Division Community: Maricopa County, Arizona 
Flood Control District of Maricopa County and Incorporated Areas 
2801 West Durango Street, Fifth Floor Community No. : 040037 
Phoenix, Arizona 85009 3 16-ACK 

Dear Mr. Nevitt: 

This is in response to your rcquest dated April 3, 1995, for a revision to the Flood Insurance Rate Map 
(FIRM) for the above-referenced community. Pertinent information about the request is listed below. 

Identifier: Rio Verde North Floodplain Delineation Study 

Flooding Source: Unnamed Washes A, A South, F, and I 

FIRM Panels Affected: 04013C0875 D and 04013C1300 E 

As you may know, the Federal Emergency Management Agency (FEMA) has implemented a procedure e to recover costs associated with reviewing and processing requests for modifications to published flood 
information and maps. However, because your request is based solely on the incorporation of more 
detailed information, no fees will be assessed for our review. 

We have completed an inventory of the items that you submitted. We have received all of the data we 
require to begin a detailed technical review of your request. If additional data are required, we will 
inform you within 30 days of the date of this letter. 

Please direct all and questions concerning your request to our Technical Evaluation Contractor at the 
following address: 

Michael Baker Jr., Inc. 
3601 Eisenhower Avenue, Suite 600 

Alexandria, Virginia 22304 

Attention: Mr. Massoud Rezakhani 
(703) 3 17-6239 

When you write us about your request, you must include the case number referenced above in your letter 



If you have any questions concerning FEMA policy, or the National Flood Insurance Program in general. 
please contact Mr. John Magnotti of our staff in Washington, DC, either by telephone at (202) 646-3932 
or by facsimiie at (202) 646-4596. 

Sincerely, 

Michael K. Buckley, P.E., Chief 
Hazard Identification Branch , 

Mitigation Directorate 

cc: Ms. Terri Miller 
State Coordinator, NFIP 
Arizona Department of Water Resources 

., 
/' 

Mr. Larry D. Culler 
Burgess & Niple, Inc. 0"' 



FLOOD CONTROL DISTRICT 
0 f 

Maricopa County 
B O A R D  OF DIRECTORS 

2801 West Durango Street Phoen11. : I r i zon~  85009 Betsey Baylcss 

Telephone (602) 506-1 501 Ed K i n g  

Fax (602) 506-3601 Torn Rawles 
TT (602) 506-5859 Don Stapley 

M a r y  Rose C a r r i d o  Wi lcox  

April 3, 1995 

Michael K. Buckley, P.E., Chief 
Hazard Identification Branch 
Mitigation Directorate 
Federal Emergency Management Agency 
Washington, D. C. 20472 

Attn: Mr. John Magnotti: 

Re: LOMR Request Washes A, A (South), 
F and I. 
FCD Contract No. FCD93-06 
FIRM Map Panels 875 (not in print), 1300 

Dear Mr. Buckley: 

This is a request for a LOMR for the above referenced washes which 
are tributaries to the Verde River in the rapidly developing Rio 
Verde Community located in the unincorporated area of Maricopa 
County. 

Enclosed is the flood insurance study by Burgess & Niple, Inc . , done 
under contract with the Flood Control District. Included with the study 
is a copy of annotated FIRM map panel 1300 approximating the flood hazard 
boundaries. Map panel 875 which is not in print, is also included in 
this study. 

A pre-study public meeting to acquaint residents of the area with the 
proposed study and to obtain local input was held on January 14, 1 9 9 4 .  

The following information is submitted in support of the LOMR: 

1. FEMA ~pplication Forms Booklet with annotated FIRM panel 1300. 

2 .  Hydraulics Technical Data Notebook with HEC-2 disk. 

3. Hydrology Technical Data Notebook with HEC-1 disk. 

4. Field Survey Notes Notebook. 



Page 2 .  
Michael K. Buckley 
LOMR Request 

Should additional information be required, please contact either Mr. 
Larry D. Culler of Burgess and Niple, Inc., or Mr. Magnus Jolayemi, 
Project Manager of this office. 

Sincerely, 

Ron Nevitt, 
Program Manager, NFIP 
Regulatory Division 

Enclosures 

Copy to: Terri Miller, State Coordinator, NFIP 
Arizona Department of Water Resources 

Larry D. Culler, Burgess & Niple, Inc. sc" 



Burgess & Niple. Inc. 

5025 East Washington Slrcet 

Suite 212 

Phoenix, AZ 85034 

602 244-8100 

F a x  602 244-1915 

LETTER OF TRANSMITTAL JOB NO. 

1 1 

WE ARE SENDING YOU: d ~ t t h e d  O Under separate cover via the following items: 

0 Shop drawings 
0 Copy of letter 

0 Prints 
0 Change order 
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0 For approval 
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Cl Approved as submitted C f  Resubmit copies for approval 
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E N G I N E E R S  

A R C H I T E C T S  

Mr. Magnus Jolayemi 
Flood Control District 

of Maricopa County 
2801 W. Durango 
Phoenix, AZ 85009 

Re: Rio Verde North 
Floodpiain Delineation Study 
FCD 93-06 

March 24, 1995 

Dear Mr.. Jolayemi: 

Burgesa Niple#Bnc- Submitted herewith are two copies each of the Hydraulics and Hydrology Technical 
5°25 East Washington Street Data Notebooks, for your submission to FEMA. 

Suite 2 t2 

Phoenix, AZ 85034 Included are: 
602 244-8100 

Fax 602 244-1915 Three copies of Field Survey Notes 
Two copies of FEMA Forms 
Two copies of HEC-2 InputIOutput Files 

for Supercritical Profiles 

If you have any questions, please call me at (602) 244-8100. It has been a pleasure 
working with you and, as always, we remain available to answer questions during the 
FEMA review. 

Very truly yours, 

Larry D. Cul r, PE t" 
LDC:cg 
Enclosure 

copy: Pedro Calza 
Ash Pate1 
Larry WoodIan 



E N G I N E E R S  

A R C H I T E C T S  

LETTER OF TRANSMITTAL 

Burgess 81 Niple, Inc. 

Suitc 212 

5015 East W;lshington Slrccl 

1'hneni.i. Arizona K5034 
603- 244-X 100 

Fax (702 244- 1 Y 15 

I 1 

WE ARE SENDING YOU m l a c h e d  m ~ n d e r  separate cover via the fol lowing items 

0 Shop drawings 0 Prints D Samples 0 Speciticat~ons 

C] Copy of let ter 0 Change order 

THESE ARE TRANSMITTED: 

0 For approval 

0 for your use 

0 As requested 

0 Approved as submitted 0 Resubmit c o p i e s  tor  approval 

0 Approved as noted 0 Subm~t c o p i e s  for distr ibut ion 

a Returned tor corrections a Return corrected prints 

d review and comment 0 

REMARKS f9-i J 
/ )  



October 18, 1994 

2t3()] \,l;(>s[ j j ; ~ ~ - a ~ > ? ( ]  s[rcL,; e :?,~oo:>I, ,  ,: , , , , . , i ' :  13etsov I3a!,lcss 

- V c l e l ~ h ~ ~ ) ~ ~ ~ :  , 0 0 2  t 7i ;o- ., ' John T. Katsenes 
Fc>\ ((>(!-:i T O O - ~ I > ~ , I  i l!(l l<itis 

1.T :(I()?, ;oo-;t;; ' , :  Torn Kawtcs - \,l,lr-y Kosc Cc~rriclo Wilcox 

Mr. Larry Culler, P.E. 
Regional Consultant 
Burgess & Niple, Inc. 
5025 E. Washington St., Ste. 212 
Phoenix, Arizona 85034 

SUBJECT: Hydrology Report for Rio Verde North FDS (FCD 93-56) 

Dear Mr. Culler: 

We have reviewed the hydrology report submitted by Wood, Pate1 & Associates, Inc., for the above- 
referenced study and have no review comments to offer. 

We would like to make clear that since the hydraulics portion for both the North and South studies is 
still in progress, this hydrology is tentatively accepted, as long as there is no further breakout of flow 
into either study area. The hydrology report will not be considered complete until the delineation is 
approved by FEMA. 

If you have any questions or comments, please call me. 

Hydrologist ' 



E N G I N E E R S  

A R C H I T E C T S  

Burgess & Niple. Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244-1915 

LETTER OF TRANSMITTAL 

WE ARE SENDING YOU: GKf4tbched 0 Under separate cover via the following items: 

0 Shop drawings Cl Prints C3 Plans Cf Samples a Specif icat ions 
0 Copy of letter 0 Change order C1 

THESE ARE TRANSMITTED: 

COPIES 

0 For approval 
Cl For your use 
0 As requested 
d ~ o r  review and comment 

DATE NO. DESCRIPTION 

/*/q4 
-- 

O Approved as submitted 0 Resubmit copies for approval 
0 Approved as noted Cl Submit copies for distribution 
0 Returned for correction 0 Return corrected prints 
[7 

REMARKS 

O h  /3& 
COPY TO @&A A X J  SIGNED 

ll endosures am not as noted, kidty ndify us ai once. I 



Burg.** & Niplo, Inc. 

502.5 East Washington Street 

Suite 212 

E N G I N E E R S  

A R C H I T E C T S  

Phoenix, AZ 85034 

602 244-8100 

Fax 602 244-1915 

LETTER OF TRANSMITTAL 

WE ARE SENDING YOU: d ~ t t a c h e d  0 Under separate cover via the following items: 

0 Shop drawings 
&copy of letter 

0 Prints 
0 Change order 

0 Plans 0 Samples O Specif icat ions 
a 

THESE ARE TRANSMITTED: 

0 For approval 
0 For your use 
0 As requested 
O For review and comment 

0 Approved as submitted Cl Resubmit copies for approval 
0 Approved as noted 0 Submit copies for distribution 
tl Returned for correction 0 Return corrected prints 

REMARKS v 



FROM: George V. Sa6oi i7otu~i/itig Engineers, Inr. 
7950 &st Aconla Dr~vc,  Suite 2 1 1 

Scotrsda!c, A rirona 85260-6962 
(602) 483-3362 FAX (602) 483-3990 

DATE : 9/25 /94 ---- 

PROJECT No. /Name :" 4b ,'%ID \ / E F T ~ ~  S O L E ~ ~  fiS 



E N G I N E E R S  

A R C H I T E C T S  

LETTER OF TRANSMITTAL 

Burgrss 8 Niplo, Inc. 

50ZS East Washington Street 

Suite 212 

Phoenix. A Z  85034 

602 244-8100 

Fax 602 244- 19 15  

WE ARE SENDING YOU: O/ttached 0 Under separate cover via the following items: 

0 Shop drawings O Prints 0 Plans 0 Samples Cl Specif icat ions 
d c o P y  of letter O Change order Cl 

- -  

THESE ARE TRANSMITTED: 

0 For approval 0 Approved as submitted 0 Resubmit copies for approval 
O For your use 0 Approved as noted 0 Submit copies for distribution 
0 As requested 0 Returned for correction 0 Return corrected prints 

d,F-'/r"t L,lrPtVC, ,NIL&- C1 For review and comment I/&L&J& 

REMARKS 

.. - 

&__~uc/ 

COPY TO - SIGNED - 

If enclosures are not as noted, kindly notify us at once I /  



WOOD, PATJ3L & ASSO< IIVC. 

Civil Engineers, Hydrologists, Land Surveyors 

1550 East Missouri, Suite 203 

e Phoenix, AZ 85014 

(602) 234- 1344 FAX 234- 1322 

TO: 

( ATTENTION: Tom Loornis, P.E. I 
DATE: September 15, 1994 

RE: Rio Verde - North FPDS hydrology coordination 

JOB NO. 9303 1.00 

7950 E. Acoma Dr. Suite 21 1 
I 

George V. Sabol Consulting Engineers, Inc. g f  (=.Fi i i rp 

0 Shop drawings 
a Copy of letter 

1 " , ' L  

Scottsdale, AZ 85260-6962 

Prints 
0 Change Order 

_ _ 
Plans 0 Samples 0 Specifications 
Other-(Files) 

3 4 Nl 1 WE ARE SENDING YOU Attached 0 Under separate cover via PICK-UP , t e a E  INC 

NO. I D E S C m I O N  COPIES 

1 

17 1 D for 6-hour and 24-hour stonns 

I I 

DATE 

1 

I I I 

THESE ARE TRANSMITTED as checked below: 

I I 1 I 9/15/94 

For approval o Approved as submitted 0 Approved as noted 
For your use G As requested For review and comment 

11" x 17" copy of portion of drainage map and HEC-1 schematic 

I I I 9/15/94 

REMARKS: 

I One 5 114. diskette containing output hydrographs for divert operation 

I Tom, this divert operation represents the flow breakout from Burgess & Niple's HEC-2 model. Note that the NMIN value for both I 
models is 5 minutes. From inspection of an aerial photo, it appears that a portion of this flow lost from the north watershed may re- 

) enter the north watershed at a point about 3800 or 4000 feet east of the diverted flow, as shown on the sketch. If  this is indeed the 1 
case, please forward these hydrographs to us, along with those for any other inflows into the north watershed. If  you have any 

questions, please call. Thank you! 

J 

Y TO: Larry Culler (B&N) 
Sandy Storv (FCDMC) 

SIGNED: Anthony J .  Regis, P.E. 
I:ORMS\TRANSMIT.GEN 



E N G I N E E R S  

A R C H I T E C T S  

Mr. Frank Brown Re: Rio Verde North 
McLaughlin Krnetty Engineers, Ltd. Floodplain Delineation Study 
3501 North 16th Street 
Phoenix, AZ 85016 

August 25, 1994 

Dear Mr. Brown: 

Burgess Niple. Inc. During a phone conversation, this date, we discussed a flow breakout included in the 
5025 East Washington Street HEC-2 model for Rio Verde North. The breakout occurs at Sectiov 2.494 of Wash A 

Suite 212 and discharges 210 cfs to Rio Verde South. 
Phoenis. A 2  85034 

602 234-8100 Enclosed is a print of Sheet 5 of the maps for Rio Verde North, which shows the 
Fax: 602 244-1915 location of the flow breakout. 

Very truly yours, 

Larry D. p l l e r ,  PE 

copy: Magnus Jolayemi 
Cathy Regester 
Sandy Story 



E N G I N E E R S  

A R C H I T E C T S  

Burg08m & Niplo, Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax  602 244-1915 

LETTER OF TRANSMITTAL 

WE ARE SENDING YOU: d t t a c h e d  0 Under separate cover via the following items: 

O Shop drawings O Prints 0 Plans 0 Samples 0 Specif icat ions 
dpy of letter 0 Change order I3 

* 

THESE ARE TRANSMITTED: 

O For approval CI Approved as submitted Q Resubmit copies for approval 
&or your use CI Approved as noted O Submit copies for distribution 
0 As requested 0 Returned for correction O Return corrected prints 
CI For review and comment dFfl.yJ - &1/91/t 

REMARKS 
v 



WOGD, P A E L  & ASSBQ , Pic. .X,GTTER ( TWSIMETTLBE 

Civjl Ettgincer~, Hydrologisfs, i ~ t i d  $r~rveyon. 
I .I I 

a 1550 Eust Missouri, Suite 203 

Phocnix, AZ 850 14 

(602) 234-L344 FAX 234-1 322 1 1 Hio Vcrdc . North FPDS hydrology coortlination 
I I 

1 TO: I I 

JOB NO. 93031.00 
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,.. .-----.. 
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" 
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E N G I N E E R S  

A K I T E C T S  

Burg.*- & Niple. Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244- 19 15 

LETTER OF TRANSMITTAL 
7 

WE ARE SENDING YOU: ached O Under separate cover via the following items: 

0 Shop drawings 0 Prints 0 Plans 0 Samples 0 Speci f icat ions 
0 Copy of letter 0 Change order 0 

THESE ARE TRANSMITTED: 

TT) For approval 0 Approved as submitted 3 Resubmit copies for approval 
0 For your use 0 Approved as noted CI Submit copies for distribution 
O As requested 0 Returned for correction C1 Return corrected prints 
&or review and comment C3 

I ,  ./ . I 
REMARKS 1-1 . .. A / , 

~d ,i 4 . ,,A4 O &&.fJrst&LArf- .&#/ - ,, - L ,  - fd;G.J.L9fx&*/ {f-@;/g4&&, 

ti enclcsuras are not as noted, kind$ notify us at once. / 



E N G I N E E R S  

A R C H I T E C T S  

Burgrss & Ntple. 1%. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244-1915 

LETTER OF TRANSMITTAL 

0 Under separate cover via the following items: 

0 Shop drawings 0 Prints 0 Plans 0 Samples O Specif icat ions 
C1 Change order 0 $80 cr/t,-J 2&0 .a . ' . A, f &  0 Copy of letter <I ,,? /> I/[ 

THESE ARE TRANSMITTED: 

O For approval O Approved as submitted O Resubmit copies for approval 
&or your use 0 Approved as noted t7 Submit copies for distribution 
0 As requested 0 Returned for correction 0 Return corrected prints 
O For review and comment 0 

DESCRIPTION 
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NO. COPIES DATE 



E N G I N E E R S  

A R C H I T E C T S  

Burgrss & Niple. Inc. 

5025 East Washington Street 

Suite 212 

Phoenix, AZ 85034 

602 244-8100 

Fax 602 244-1915 

WE ARE SENDING YOU: W~ttached O Under separate cover via the following items: 

I3 Shop drawings 0 Prints 0 Plans 0 Samples 0 Specifications 
Q Copy of letter Ci Change order 0 

LETTER OF TRANSMITTAL 

THESE ARE TRANSMITTED: 

' DATE 7/zo/~j4-  / XIB No. 

RE: 

0 For approval 
0 For your use 

Zr?vU,":",d comment 

0 Approved as submitted 0 Resubmit copies for approval 
0 Approved as noted 0 Submit copies for distribution 
0 Returned for correction 0 Return corrected prints 

ARKS LL/'P, . k . d j  Vt ,/ 
zq 

- 

COPY TO SIGNED 

li enclosures are not as noted, kindly notify ds at once. J 



E N G I N E E R S  

A R C H I T E C T S  

Burgoom 81 Niple. Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ  85034 

602 244-8100 

Fax 602 244-1915 

LETTER OF TRANSMITTAL rDA~E6/k7/'+ JOB NO. 
RE: 

WE ARE SENDING YOU: m t t a c h e d  0 Under separate cover via the following items: 

0 Shop drawings 0 Prints 0 Plans 0 Samples 0 Specif icat ions 
0 Copy of letter LI Change order W' Cn- -&AC&~ 

THESE ARE TRANSMITTED: 

~COPIES~ DATE I NO. 

[I] For approval 0 Approved as submitted C1 Resubmit copies for approval 
d ~ o r  your use R Approved as noted R Submit copies for distribution 
Q As requested R Returned for correction Q Return corrected prints 
0 For review and comment Cl 

DESCRIPTION 1 



E N G I N E E R S  

A K C H 7 ' E C T S  

Burgosa & Niple, Inc. 

5025 %st Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244- 1915 

LETTER OF TRANSMITTAL . DATE : / ~7 /9+  JOB NO. 
RE: 
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0 Shop drawings 0 Prints 0 Plans 0 Samples 0 Specif icat ions 
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O For your use 0 Approved as noted O Submit copies for distribution 

requested O Returned for correction 0 Return corrected prints 
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DESCRIPTION 1 
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E N G I N E E R S  

A R C H I T E C T S  

LETTER OF TRANSMITTAL 

Burgee. & Niple, Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244- 19 15 
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0 Shop drawings 0 Prints 0 Plans O Samples 0 Specif ications 
Cl Copy of letter 0 Change order 17 

DATE b \ 17 \ ? q  JOBNO. \5 18.5 

O For approval 
*or your use 
0 As requested 
17 For review and comment 

- 
RE: Q IJ -- 

u cc2.0 E 5 -1- 2 53 
, 

COPIES 

\ 
I 

0 Approved as submitted 0 Resubmit copies for approval 
0 Approved as noted 0 Submit copies for distribution 
0 Returned for correction 0 Return corrected prints 
0 

REMARKS 

THESE ARE TRANSMITTED: 

DATE 

./- t __-- ---_ . -_ 
'-1 

', / 'LQQR;  C v ~ . z 6 ~ .  ,,  SIGNED COPY f 0 - 
\ '. - - --- -- _ _ _ _  _ 

If encbsuras are not as noted, bndy ndlfy G a!-Gca - .- - -  

\ 

NO. DESCRIPTION 
- 
~ \ E L C )  S V Q ~ E Y  Q D O T E ~  

C V V * P V ~ . C Q  DI$\c h ~ e \ n c  MRPPI UG 
C R O ~ S  - 5 ~ c T t 0  t e  s Q Q Q T ~  S T Q D ~  



Eurgoaa & Niplo, Inc. 

5025 East Washington Street 

Suite 212 
Phoenix. AZ 85034 

602 241-8100 

Fax 602 244-1915 

LETTER OF TRANSMITTAL 
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0 Shop drawings 0 Prints 0 Plans 0 Samples 0 Specifications 
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Burgam. & Niple. Inc. 

5025 East Washington Street 
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E N G I N E E R S  

A R C H I T E C T S  

Burge.8 & Niple, Inc. 

5025 East Washington Street 

Suite 212 

Phoenix. AZ 85034 

602 244-8100 

Fax 602 244- 19 15 

LETTER OF TRANSMITTAL 

WE ARE SENDING YOU: M t t a c h e d  0 Under separate cover via the following items: 

0 Shop drawings 0 Prints 0 Plans 0 Samples Cl Spec i f i ca t ions  
0 Copy of letter O Change order a 

THESE ARE TRANSMITTED: 

0 For approval Q Approved as submitted C3 Resubmit copies for approval 
O For your use 0 Approved as noted 0 Submit copies for distribution 
O As requested CI Returned for correction C1 Return corrected prints 
&or review and comment 0 

REMARKS 

ICOPIES~ DATE l NO. DESCRIPTION 



Box Bar Wash: stream, 16.9 km (10.5 mi.) long, heads at 33"46'12"N, 11 1 "49'35"W, flows east to 
the Verde River, 3.8 krn (2.4 mi.) N of the Fort McDowell Indian Reservation boundary; Maricopa 
Co., Arizona; Sec. 29, T5N, R7E, Gila and Salt River Mer.; 33"45'15"N, 111°39'36"W; USGS 
Map - Fort McDoweli 1 :24,000. 

1 .  Proposal: proposed new name needed for county flood control project 

2. Map: Fort McDowell, McDowell Peak and Wildcat Hill 1 :24000 

3. Proposer: Burgess & Niple, Inc. (Phoenix, AZ) 

4. Administrative Area: None 

5. BGN Action: Not applicable 

6.  Names Associated With Feature: 
Local Usage: Not applicable 
Published: Not applicable 
Historicai: 
Legal: 

7. Other Factors: named for Box Bar Ranch near wash at Verde River 



Granite Mountain Wash: stream, 16.4 lan (10.2 mi.) long, heads at 33*47'07"N, 111°48'46"W, 
flows east to the Verde River, 4.9 km (3.0 mi.) N of the Fort McDowell Indian Reservation 
boundary; Maricopa Co., Arizona; Sec. 30, T5N, R7E, Gila and Salt River Mer.; 33"45'01"N, 
11 1°40'01 "W; USGS Map - Bartlett Dam 1:24,000. 

I .  Proposal: proposed new name needed for county flood control project 

2. Map : Fort McDowell, McDowell Peak, Bartlett Dam and Wildcat Hill 1:24000 

3.  Proposer: Burgess & Niple, Inc. (Phoenix, AZ) 

4. Administrative Area: None 

5.  BGN Action: Not applicable 

6. Names Associated With Feature: 
Local Usage: Not applicable 
Published: Not applicable 
Historical: 
Legal: 

7. Other Factors: named for Peak near head of wash 



Model A Tank Wash: stream, 12.6 km (7.8 mi.) long, heads at 33O46'10"N, 111°48'05"W, flows 
east to the Verde River, 5.5 km (3.4 mi.) N of the Fort McDowell Indian Reservation boundary; 
Maricopa Co., Arizona; Sec. 30, T5N, R7E, Gila and Salt River Mer.; 33"44'37"N, 11 1°40' 19"W; 
USGS Map - Bartlett Dam 1:24,000. 

1. Proposal: proposed new name needed for county flood control project 

2. Map: BartIett Dam and Wildcat Hill 1:24000 

3. Proposer: Burgess & Niple, Inc. (Phoenix, AZ) 

4. Administrative Area: None 

5. BGN Action: Not applicable 

6. Names Associated With Feature: 
Local Usage: Not applicable 
Published: Not applicable 
Historical: 
Legal : 

7. Other Factors: named for Model A Tank near wash 
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0 For approval OApprovedassubmitted CfResubmit copies for approval 
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WOOD, PATEL & ASSOC INC. LETTER C TKANSMlTTAL 

Civil Engineers, Hydrologists, Land Surveyors 
I I t 

1550 East Missouri, Suite 203 DATE: April 25, 1994 I JOB NO. 93031 I 
Phoenix, AZ 85014 

(602) 234- 1344 FAX 234-1322 

ATTENTION: Larry D. Culler, P.E.  I I RE: Rio Verde - North Floodplain Delineation Study I 

I Preliminary Hydrology Model 

Burgess & Niple, Inc. I I 
5025 East Washington Street I I 
Phoenix, AZ 85034 I I 
WE ARE SENDING YOU H Attached Under separate cover via PICK-UP the following items: r - 

Shop drawings 
Copy of letter 

Prints Plans 0 Samples 0 Specifications 
Change Order Other - (Files) I 

Preliminary Hydrology Model Submittal, April 21, 1994 
I I I 

I I I I (report contains one 5 - 114" diskette and three 24" x 36" prints) I 

DESCFUPTION 

Bound report, "Rio Verde - North Floodplain Delineation Study 

COPIES 

1 

THESE ARE TRANSMITTED as checked beIow: I 
0 For approval Approved as submitted Approved as noted 

For your use 0 As requested H For review and comment 

DATE 

REMARKS: 

NO. 

I This report contains the preliminary HEC-1 models for the 100-year, 6-hour and the 100-year, 24-hour storms using the 

I Phoenix Valley S-graph Unit Hydrograph. It  contains preliminary plates and tables that will be incorporated into the Technical I 
Data Notebook after final revisions to the model are made. If you have any questions, please call. 

TO: Sandy Story (FCDMC) 

SIGNED: Anthony J. Regis 
I-OK hlS\TRANSMIT.CI:N 
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WOOD / PATEL Darrel E. wood, PE., K.L.S. 

ASSOCIATES 
h h o k  C. Parel, P.E., K.L.S. 
James S. Campbell, P.E. 

Civil Engineers Jay N. Vaughn, R.L.S. 

Hydrologists Gordon Wark, P.E 
Jeffrey J. Holzme~srer, P E. 

Land Surveyors 

COMMUNICATION RECORD 

DATE: April 1, 1 9 9 4  

PROJECT NO: 93031 .OO 

PROJECT NAME: Rio Verde - North Floodplain Delineation 
Study, Hydrology 

SUBJECT: Hydrology Method, lnput 
4v 

lnput Received from Sandy Story 

Wood/Patel - Burgess & Niple, have submitted preliminary results of hydrology using 

a various methods. The district has received the data submitted and concluded tha t  the 
Phoenix Valley S-graph be utilized for the subject study. 

CC: Buraess & Niole: 
Russ Cruff, P.E. R F ~  -- . . El 
Larry D. Culler, P.E. 
Larry J. Woodlan, P.E. ;ipii - : 1994 

. = I  

FCDMC: -it .*," . . <  +-. Pic 

Sandy Story 
Magnus Jolayemi 
Cathy Regester 

Georqe V. Sabot Consultins Enq~neers, Inc. 
George Sabot, PhD, P.E. 
Tom Loomis, P.E. 

McLauqhlin Kmettv Ensineers, Ltd. 
Frank Brown, P.E. 

GENCOR\93031 00 404 

\i1(>!ood. I"ircl S \s\ocrdre\. I ~ L  1550 t J\r \ I r s \ o u r ~ .  S u ~ r e  307 f'hoc.nr\ \ r ~ r o n , ~  S q O l l  - (609)  ::4-13-14 1.1, (607)  23-1 1377 



E N G I N E E R S  

A R C H I T E C T S  

Mr. Geza Kmetty Re: FCD93-06 Rio Verde South 
McLaughlin Kmetty Engineers, Ltd. 
3501 N. 16th Street 
Phoenix, Arizona 85016-64 19 

March 25, 1994 

Dear Mr. Kmetty: 

Burgess Nipie, Inc. Enclosed are copies of quality control cross sections, a quality control cross section 
5025 East Washineton Street disc, and offsite cross sections. This information is for your use on the referenced 

Suttc 212 project. 
Phoenix. AZ 85034 

602 w-8100 If you have any questions regarding this matter, please feel free to contact us at your 
Fax 602 244- 19 15 convepjence. 

Larry J.  '~oodlan, P.E. 
President 

UW:cg 
Enclosures 

copy: Larry Culler 



MEMORANDUM 

To: Ash Patel, Wood, Pate1 & Associates, Inc. (W&F) 
Russ Cruf f , Burgess & Niple, Inc. 
Geza Kmetty, McLaughlin Kmetty Engineers, Ltd. 

From: G.V. Sabol, GVSCE 

Subject: Rio Verde (North & South) FIS 

Date: 21 March 1994 

I reviewed the preliminary hydrology study results that were provided 
at our coordination meeting of 22 February 1994. I have used the HEC-1 files 
that were provided to also evaluate an additional S-graph and various values 
of Kn. The rainfall distribution that was used in our evaluation is the FCDMC 
6-hour storm as defined in the hydrology manual. The results of our study are 
included for your review and consideration. 

The S-graph that was used is S-graph #18, Indian Bend Wash, June 1972, 
from the S-Graph Study (November 1987). That S-graph was recommended for 
consideration for use with alluvial fans and distributed flow situations 
(herein called peidmonts) in a technical memorandum to FCDMC dated 31 March 
1993 (Attachment A ) .  

A range of Kn was used from a high of 0.055 to a low of 0.015. A value 
of 0.055 was used by W&P in its preliminary study. An evaluation of Kn values 
was recently performed for the FCDMC (Attachment B ) ,  and values from 0.015 
to 0.03 are suggested for use with peidmont watersheds. 

The results of the GVSCE study results and the W&P study results are 
tabulated below for the various unit hydrographs. 

Unit Hydrograph Peak Discharge, in cfs, at concentration points 

Clark 1,027 
Phx. Mtn. (K =.055) 1,098 
Phx. Valley YK,=.o~~) 1,313 
#18 (Kn=. 055) 900 
#18 (Kn=.030) 1,243 
#18 (Kn=.025) 1,331 
#18 (Kn=. 020) 1,454 
#I8 (Kn=.015) 1,561 



A value of K = 0.020 is generally recommended for peidmonts in 
Attachment B, and t#e results using S-graph #I8 along with Kn = 0.020 are 
reasonably similar to the results for the Phoenix Valley S-graph with Kn = 
0.055 and to the LP3 Q l O O  regression results as reported in the W&P summary 
sheet. 

I suggest that we meet with the FCDMC to discuss these results and to 
determine if there is consensus agreement as to the unit hydrograph approach 
that should be considered for use in the Rio Verde (North & South) FIS. 

It is noted, however, that the results contained herein are only for a 
preliminary study using the HEC-1 models that were provided to us by W&P. As 
we begin our hydrology study, we will be undertaking more extensive 
evaluations on our own, and those evaluations could lead to different 
recommendations than have been considered at this time. 

In addition to the above, I recommend that we also consider entering 
into a discussion with the FCDMC staff as to the other model issues for Rio 
Verde, such as, flow splits and channel routing. These may be more critical 
than selection of unit hydrograph procedure. I would like to discuss the 
modeling concept, in general, for this peidmont with the FCDMC before 
embarking on our hydrology study. I suspect that you share my interest in 
this regard. 

A diskette of the HEC-1 files for our study is included with this 
memorandum. 
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AFFIDAVIT OF PUBLICATION 

INVOICE NO. 93653 

aieas in The Rio Verde Area and surrounding 

I v~cin~ty. Arizona. 
The rpdy 1s bein performod for the Flood Con. 
l ro l  Dlstrlct bv fkraess & Niole Enaineers and 
McLarphlin Kmetty Engineers. ' - 
Ths purpose of t h ~ s  study Is to ewemine end 
evaluate tlobd hazsrd in aieas which we devel- 
oped of which are Ilksly to bs developed and to 
detamne llood elevelions for those ateas. 

the course of thls stud Such information 
rhould ba addressed to d. Cathy Regester or 
Mr. m n u s  Jolayeml Flood Control Dlstrict of 
Msrlcopa Count 2801 W. Ouran o Street. 
Phoenix. AZ 8 5 0 b  tele hone (6021 806-1501. 
PuM~shd: Arizona kepuplic. December 29. Jan- 1 
u a y  5. 1993. 

RECEIVED JAN I 1 1994 

11e Arizona Rep~~blic/~l~t: Phoenix Gazette 

STATE OF ARIZONA 
COUNTY OF MARICOPA 

} ss. 

JOAN LOHR, being first duly sworn, uponoath deposes and says:That 
she is the legal advertising manager of the Arizona Business Gazette, 
a newspaper of general circulation in the county of Maricopa, State of 
Arizona, published at Phoenix, Arizona, by Phoenix Newspapers Inc., 
which also publishes The Arizona Republic and The Phoenix Gazette, 
and that the copy hereto attached is a true copy of the advertisement 
published in the said paper on the dates as indicated. 

DECEMBER 2 2 ,  1 9 9 3 ,  JANUARY 5 ,  1994  

Sworn to before me th~s  

5TH day of 

JANUARY 
- .- 

/"' 
I:, OFFICIAL SEAL !;i !i 
I .  THOMAS F. BlANCO k ~ X a r ~  Public 
;j: 
$1 NOTARY PUBLIC-ARIZONA (!r 
:!J Mp.R!COPA COU?IN ?? 
[;{ 
8 ,r h!y Ccmin. Erp~res !Ax. 19,1917 



Fax Cover Sheet 

FLOOD CONTROL DISTRlCT 
Of 

Maricopa County 

2801 West Durango Street 0 Phoencx, Arizona 85009 
Telephone (602) 506-1 501 
Fa (602) 506-4601 
TOO (6021 506*5897 

Cornany 
"LLCCt-l7($ or 0ept: C- Fax # 

~umc of Pagas Being Sent lnc!atdng aver Shsdc 3 
11 mere an afty prublems, please cat! (602) SOGISO1. 



RfO 17ERDE NORTH 

"KICK-OFF" MEETING 1/10/94 
AGENDA 

- FCD Staff' 
- Consultant & Subconsultant 
- Coordination with SubconsultantJGIS 

GENERAL 

- Length /Time of Study (460 days) - Submittal to FEMA approximately March 1995 
- Information available from FCD 

TASK 1 - COORDINA'11ON 

- Legal Advertising - First Public Mwting - Scheduled for January 19, 1994, 7-9 PM at tl>c Association Comrnuaily 
Center 

- Project Schedule 
- Monthly Progress Report and Invoice - Quarterly Estimation of Billing 
- Quality Control and Floodplain Review Checklist 
- Evaluation Forms 

TASK 2 - DATA COLLECTlON 

- FEMA FIS Docurnenration Dec, 1933 
FEMA Forms - Juiy 1993 Forms provided 

TASK 3 - TOPOGRAPHIC MAPPING 

- Right of Entry Lerrcr 
- Ground Conuol a: 1983 NAD 
- Topo Map at 2-11 CI, Scale of 1" = 200-ft, and Spot Elevation 1-ft CI 
- NGVD of 1929 wirh conversion factor ro NAVD 1988 
- Aerial Pi~olo (Soulh Study Deliverable) 

TASK 4 - RELD SURVEY 



TASK 5 - HYDROLOGY 

a TASK 6 - FLOODPLAIN AND FLOODWAY DELINEATION 

- 5 River Miles of delineation 
- Washes to delineate (Names) 

TASK 7 - FINAL PRODUCTS 

- KEC-2 README File(s) 
- HEC.2 File Name - Show on delineation sheet - Survey Notes - Do not need to be in separate notebook 
- Q with each cross section 
- Final Report Fonnat and Sheet layout 

OTHERS - Open floor for any concerns !!! 
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PUBLIC NOTICE 
YOUR FUGHT TO WOW 

ANNOUNCEMENT OF FLOOD tUZARD STUDY 
Thc Rood C o n ~ l  District of Maricopa County, under 
authoriry of the Hariond Flood Insurance Act of 1968 
(RL. 90-448), as amended, and the Flood Disistcr 
Protection Act of 1!373 (P.L. 93-234), is funding a 
dctailed study flood hazard areas in Thc Ria Vtr& 
Axea, Arizona. 
The study is being ptrformed for rhe Flood Control 
District by Burgess & Niple Engineers and Md~ugtr l in  
Kmetty Engineers. 
The purpose of this study is to cxamrne md evaluate 
flood hazard m s  which are developed or which arc 
likely to bc k l o p c d  and to datnnine flood eleations 
for those Flood elmations will be used by 
Maticopa County to carry out floodplain mansgcment 
objtaiw of rhe National Rood Insurance Program. 
They witl also be uJed as the basis for determining 
appropriate flood insurance premium rates applicable for 
buildings and their contents. 
This announchnenr k Mended ro notify all interested 
pawns of the commencement of this study so that they 
may hibe an opportuniry to bnng my # I m t  faas and 
techaical data concerning locai flood hazards to thc 
attention of the Flood Control District for consideration 
i~ the course of this study, Such information should bc? 

to Ms. Cathy Regescet or Ms. Sandy Story, 
Rood Control District of Maricopa County, 2801 W4 
Durengo Strcct, Phoenix, AZ 85003, telephone (602) 
506-1501. 



SECTION 1: General Documentation 
and Correspondence 
1.5 Contract Scope of Work 



T FLO("":CONTROL DISTRICT OF MARICOPA C">NTY 

Contract Change Order No. 93-06 

Date: 1 / 13 I 1994 FCD Contract NolName: Rio Verde 

To: Burgess & Niple, Engineers Inc. Contractor/Consul!ant. 

You are hereby directed to make the herein described changes from the plans and specifications or do 
the following described work not included in the plans and specifications on the above-mentioned 
project. 

Changes requested by: Maqnus R. Jolayemi 

Provide description of work to be done, estimate of quantities, and prices to be paid. Segregate 
between additional work at contract price, agreed price, and actual cost. Unless otherwise stated, rates 
for rental of equipment on actual cost work cover only such time as equipment is actually used and no 
allowance will be made for idle times. 

(1) Estimate of increases and/or decreases in contract items at contract prices. 
** (2) Estimate of extra work at agreed price andlor actual cost. 

Sheet No. 1 of 1 

We, the undersigned ContractorIConsultant, having given careful consideration to the change(s) 
proposed, hereby agree, if this proposal is approved, that we will provide all equipment, furnish all 
material (except as may otherwise be noted above), and perform all services necessary for the work 
above specified, and we will accept as full payment therefor the prices shown above. 

By reason of this proposed changeAdays extension of time will be allowed. . ' .' , %  
Total new contract amount through this Change Order No.1 $259.999 A 

Contractor/Consultant: Burgess & Niple, Inc 
5025 East Wash~nqton Street 

Date. I/, 

. 
Date : / z , / , < /  

Request a change order to Contract FCD 93-06 

The change order is required because of the District requirement for the topographic data in a Digital 
Terrain Model format instead of directly compiled contour information as originally proposed in the scope of 
work. 7?ze sopc fJ UOPL she,/ C i * o & r d  pefl & * p f y  4.f-• pmposa/ dqM 

10, &dy, Opffov, 3. 
We hereby respectfully request a change order from $245,000 to $259,999 

J@ 
OH 

Unit 

Price 

Difference 

+ or - 
Difference 

-I- or - 
As-Built 

Quantity 

Estimated 

Quantity 

Bid Item 

No. Description 
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Burgess  & Niple, Inc. 

Suite 2 I 2  

5025 Eahl W;~?;hin;llon Slrcr.1 

Phoeiiix. A Z  8.5034 

602 744-8 IOU 

Fax 002 244- I9 I5 

FAX COVER SHEET 

Date: j / 1 1 144 

Job Number: 1 51 8 3 

Re: /?to L/er.de 

TO: M ~ Q M U S  Tolct yel.*qI 

FAX PHONE NUMBER: 506 - vb 0 

We are sending you 2 additional pages, not counting this cover sheet. 
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To: Mr. Jim Mischler. P.E. 
Burgess 81 Niple, Ltd. 
5 0 2 5  East Washington Street, Suite 2 1 2  
Phoenix, AZ 8 5 0 3 4  

January 1 0, 1 994 

Re: Digital Terrain Models for the Rio Verde FIS. 

We, at Aerial Mapping Company, Inc. are pleased to present this proposal for certified professional 
photogrammetric services on the above project. We could provide the topographic data for this study 
in a Digital Terrain format instead of directly compiled contour information. These additional fees 
are representative for this project only, due to the broken terrain found in this area. 

The Rio Verde study area is comprised of two parts. The first is the town of Rio Verde, a developed 
urban setting including streets, washes and a golf course. The remainder is open desert, extensively 
cut by many braided washes of various sizes. The washes range from small eroded channels to deep, 
vertically cut banks and wide bottoms. The ridges between these washes are further cut by eroded 
side channels leading to  the larger drains. 

Although FEMA guidelines require that cross sections be accurate within 1.0 ft vertically. In order 
to  accurately provide a Digital Terrain Model sufficient for interpolation of 2' contours, any rapid 
vertical change in the ground surface of over 0.5' must be defined by breakline information. The 25' 
base grid will not accurately show these breaks. With extensive breakfine information, a DTM can be 
produced that will allow cross sections meeting FEMA guidelines to be extracted any place in the 
DTM. 

Aerial Mapping Company, Inc., has determined that the costs involved in extracting selected HEC-2 
cross sections from a DTM of this magnitude is many times'that required to read photogrammetric 
cross sections. We propose to  provide photogrammetric cross sections instead of extracting them 
from the Digital Terrain Model. 

Option 1 

AMCl will collect a grid of mass point data on 25' intervals throughout the Project area. We will 
collect sufficient additional breakline data to  be able to  extract FEMA quality cross section information 
at any location. Extensive breaklines along all ridges, washes, erosion gullies and other breaks are 
required to provide a DTM model that can conform to  the FEMA guidelines for cross sections. 
AMCI will provide photogrammetrically read cross sections at the locations designated by your firm 
and according to the existing contract. O u r  fee for providing DTM data to meet these requirements 
will be an additional Fifty-four Thousand Dollars ($54,000.00)  above the current contract amount. 

Option 2 

AMCl will collect a grid of mass point data on 25' intervals throughout the Project area. We will 
collect additional breakline data along major ridges, washes and significant breaks. Minor ridge lines, 
gullies and small erosion features will not have breakline data collected. The resulting DTM map will 
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meet National Map Accuracy Standards for a 1 " = 200' 2' CI product. This method will not allow 
cross sections to be extracted to  FEMA accuracies at  any given location. AMCl will provide 
photogrammetrically read cross sections at the locations designated by your firm and according to the 
existing contract. Our fee for providing DTM data meeting these requirements will be an additional 
Twenty-seven Thousand Dollars ($27,000.00) above the current contract amount. 

Option 3 

AMCl is producing standard digitized contour information as provided under the current contract. 
We are also providing digitized breakline information along the flow lines of the major streams and 
washes. Extra breakline information will be necessary for the creation of a DTM capable of 
computing topograpic maps which will meet National Map Accuraccy Standards. The urban areas 
and golf courses within the Project will need additional digitized breaklines. Also, the sandy bottomed 
incised washes would need top and toe breaklines digitized from the existing photography. Our fee 
for providing the additional breaklines in the urban areas and major washes will be Sixteen Thousand 
Two Hundred Dollars ( $ 1  6,200.00). 

Aerial Mapping Company, Inc. is not computing a DTM under the current scope of work. The 
additional breakline data will assist the County in creating a Digital Terrain Model from the existing 
contour information. The resulting DTM may not produce the same contour information as provided 
by Aerial Mapping Company, but the resulting DTM should be mass representative and be able to 
recreate a topographic map that meets National Map Accuracy Standards. 

Schedule Adjustment 

The increased work required for the above options will extend the delivery dat of the topographic 
mapping by the following schedule: 

Option 1 Ten additional weeks will be needed for delivery of the mapping information using 
the methodology of Option 1 .  

Option 2 Six additional weeks will be needed for delivery of the mapping information 
using the methodology of Option 2. 

Option 3 Four additional weeks will be needed for delivery of the mapping information 
using the methodology of Option 3 

Sincerely_, yours, , 

~ i c h i r d  D. dook, R.L.S. 
Executive Vice President 
Aerial Mapping Con~pany, Inc. 



CONTRACT FOR CONSULTANT SERVICES 
R E C E I V E D  

nF c 2 8 1993 w - -  

FLOODPLAIN DELINEATION STUDIES 

FCD 93-06 
BURGESS & NIPLE, 1NC. 

Pursuant to the provisions of the Arizona Revised Statutes Section 48-3603, the Board of 
Directors has the authority to enter into contracts. 

The Flood Control District of Maricopa County, Arizona, hereinafter called the 
"DISTRICT", is desirous of having certain professional services performed in connection with Rio 

I Verde North Floodplain Delineation study, hereinafter called the "PROJECT' and as more fully 
described in Exhibit A, Scope of Work, attached; and 

BURGESS hereinafter called "CONSULTANT, is desirous of 
performing said services; 

THEREFORE, the parties hereto mutually agree as follows: 

SECTION I - SERVICES OF THE CONSULTANT 

The CONSULTANT, under the general supervision of the Chief, Hydrology Division shall 
prepare studies, reports, surveys, plans, drawings, specifications and cost estimates as are necessary for 
the PROJECT and according to the directions and designated standards of the DISTRICT and in a accordance with Exhibit A. It is understood and agreed that the DISTRICT'S authorized representative 
shall be the Chief, Hydrology Division or his duly authorized representative, hereinafter called the 
"AGENT" and that he/she shall be the sole contact for administering this contract 

The CONSULTANT shall meet periodically with the AGENT so as to keep the DISTRICT 
informed of the progress of the work in accordance with the schedule defined in Exhibit A. 

The CONSULTANT shall promptly advise the AGENT of any factors, which may develop 
during the PROJECT, that would likely result in construction or design costs in excess of budgetary 
constraints. 

SECTION I1 - PERIOD OF SERVICE 

The CONSULTANT shall complete all work per the schedule provided in Exhibit A, Scope 
of Work within 360 calendar days after receipt of the Notice to Proceed, exclusive of DISTRICT review 
time. The DISTRICT is expected to require up to 100 calendar days for review time, for a total 
contract time period of 460 calendar days. Should extension of this contract period be necessary, and 
any such extension(s) continue the date of contract expiration for a time period of more than one year 

Contract FCD 93-06 
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I 
fmm the date of contract execution, adjustment(s) of the consultant's fee(s) may, upon agreement by 
both the DISTRICT and the CONSULTANT, be made in accordance with the Consumer Price Index for 
Urban Consumers, Western Division published by the U.S. Department of Labor, Bureau of Labor 
Statistics, lising the published edition coinciding with the initial contract expiration date. Any such fee 
adjustment shall only apply to the extended contract time period. 

SECTION 111 - PAYMENTS TO THE CONSULTANT 

The CONSULTANT shall be paid for work under this Contract a lump sum fee of 
$245,000.00 plus any adjustments that have been approved in writing in accordance with the Maricopa 
County Procurement Code. 

The DISTRICT shall pay the CONSULTANT upon completion of the work as accepted by 
the DISTRICT, except that progress payments may be made as billed by the CONSULTANT based on 
approved monthIy progress reports subject to the limitations set forth in Exhibit A, Scope of Work. 
Ten percent of all contract payments made on an interim basis shall be retained by the DISTRICT as 
insurance of proper performance of the contract or, at the option of the CONSULTANT, a substitute 
security may be provided by the CONSULTANT in an authorized form pursuant to procedures 
established by the DISTRICT. The CONSULTANT is entitled to all interest from any such substitute 
security. 

When the contract is fifty percent (50%) completed, one-half (1/2) of the amount retained will be paid 
to the CONSULTANT provided the CONSULTANT is making satisfactory progress on the contract and 
there is no specific cause or claim requiring a greater amount to be retained. After the contract is fifty 
percent (50%) completed, no more than five percent (5%) of the amount of any subsequent progress 
payments shall be retained providing the CONSULTANT is making satisfactory progress on the project, 
except if at any time the DISTRICT' determines satisfactory progress is not being made, ten percent 
(10%) retention shall be reinstated for all progress payments made under the contract subsequent to the 
determination. 

If the CONSULTANT desires a partial payment in accordance with the provisions above, the 
CONSULTANT will complete and forward, a DISTRICT provided form, indicating payment distribution 
to MBE/WBE firms. 

Any retention monies shall be paid or substitute security returned or released, as applicable, to the 
CONSULTANT within forty-five (45) calendar days after: (1) Completion of the work in Exhibit A 
through the submittal of District acceptedlapproved documents to FEMA, (2) receipt of a completed 
"Certificate of Substantial Performance" form, (3) the CONSULTANT'S statement that no project 
disputes exist; and (4) invoicing for any retained monies has been received by the DISTRICT. Upon 
acceptance and approval of the project by FEMA and the completion of all final work required by the 
DISTRICT, the CONSULTANT shall submit a final Certificate of Performance and its invoice for any 
sums remaining due and payable under this Contract. 
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SECTION IV - THE DISTRICT'S RESPONSIBILITIES 

The DISTRICT shall furnish the CONSULTANT, at no cost to the CONSULTANT, the 
following information or services for this PROJECT: 

A. One copy of on-hand maps, records, survey ties, bench marks or other data pertinent 
to the PROJECT. This does not, however, relieve the CONSULTANT of the responsibility of searching 
records for additional information, for requesting specific information or for verification of that 
information provided. The DISTRICT does not warrant the accuracy or comprehensiveness of any such 
information. 

The CONSULTANT agrees during the execution of this contract that no clients other 
than the DISTRICT, or the Federal Emergency Management Agency, will be retained within the area of 

I the 100-year floodplain for the area without expressed written authority from the Chief Engineer and 
General Manager of the District. 

B. All available information and data relative to policies, standards, criteria, and studies, 
etc. impacting the PROJECT as identified by the CONSULTANT. 

C.  Availability of staff for consultation with the CONSULTANT during the performance 
of studies and plan development in order to identify the problems, needs, and other functional aspects of 
the PROJECT. 

D. Examination of documents submitted by the CONSULTANT and rendering of 
decisions pertaining thereto promptly, to avoid unreasonable delay in the progress of the work by the 
CONSULTANT. The DISTRICT will keep the CONSULTANT advised concerning the progress of the 
DISTRICT'S review of work 

SECTION V - ALTERATION IN SCOPE OF WORK 

Any alteration in the scope of work that will result in a substantial chanse in the nature of 
the PROJECT so as to materially increase or decrease the contract fee will require negotiation of an 
amendment to the contract to be executed by the DISTRICT and the CONSULTANT. No work shall 
commence on the change until the contract amendment has been approved by the DISTRICT and the 
CONSULTANT has been notified to proceed by the AGENT, It is distinctly understood and agreed that 
no claim for extra work done or materials furnished by the CONSULTANT will be allowed by the 
DISTRICT except as provided herein, nor shall the CONSULTANT do any work or furnish any 
materials not covered by this agreement unless such work is first authorized in writing in accordance 
with the Maricopa County Procurement Code. Any such work or materials furnished by the 
CONSULTANT without such written authorization first being given shall be at his own risk, cost, and 
expense, and he hereby agrees that without such written authorization he will make no claim for 
compensation for such work or materials furnished. 
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SECTION VI - RECORDS 

Records of the CONSULTANT'S payroll expense pertaining to this PROJECT and records 
of accounts between the DISTRICT and the CONSULTANT shall be kept on a generally reco,~zed 
accounting basis and shall be available upon request to the DISTRICT or its authorized representative 
for audit during normal business hours. The records shall be subject to audit by appropriate grantor 
agency if the PROJECT is funded all or in part by a grant. 

SECTION VII - PROJECT COMPLETION 

If during the course of this contract situations arise which prevent completion within the 
allotted time, an extension may be granted by the AGENT. 

SECTION VIII - TERMINATION 

The DISTRICT may terminate this contract at any time upon reimbursement to the 
CONSULTANT of expenses which include reasonable charges for time and material for the percentage 
of work satisfactorily completed and turned over to the DISTRICT. 

The DISTRICT reserves the right to postpone, terminate or abandon this PROJECT for the 
CONSULTANT'S failure to complete the PROJECT on time, or failure to comply with the provisions of 
the contract. The DISTRICT also reserves the right to terminate any or all parts of this contract for its 
own convenience as the DISTRICT may determine at its sole discretion. 

The DISTRICT hereby gives notice that pursuant to A.R.S. Section 38-51 1 "A" this 
contract may be cancelled without penalty or further obligation within three years after execution if any 
person significantly involved in initiation, negotiation, securing, drafting, or creating a contract on behalf 
of the DISTRICT is, at anytime while the contract or any extension of the contract is in effect, an 
employer, agent, or any other party to the contract in any capacity or a consultant to any other party of 
the contract with respect to the subject matter of the contract. Cancellation under this section shall be 
effective when written notice from the Chief Engineer and General Manager is received by all of the 
parties of the contract. In addition, the DISTRICT may recoup any fee for commission paid or due to 
any person significantly involved in initiation, negotiation, securing, drafting, or creating the contract on 
behalf of the DISTRICT from any other party to the contract arising as a result of the contract. 

The CONSULTANT may terminate this contract in the event of nonpayment of fees as 
specified in Section 111, PAYMENTS TO THE CONSULTANT. 
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SECTION IX - OWNERSHIP OF DOCUMENTS 

All original documents including, but not limited to studies, reports, tracings, drawings, 
physical and computer models, estimates, field notes, investigations, design analyses, calculations, 
computer software, and specifications, prepared in the performance of this Contract are to be and remain 
the property of the DISTRICT and are to be delivered to the AGENT before final payment is made to 
the CONSULTANT. The DISTRICT reserves the right to reuse the documents as it sees fit. However, 
the DISTRICT will not reuse, alter, or modify these documents without noting such alterations, 
modScations, or intent of their reuse, and will hold the CONSULTANT harmless from any claims 
arising from the reuse, alteration, or modification of the documents. The CONSULTANT may retain 
reproducible copies of all such documents delivered to the DISTRICT. 

SECTION X - COMPLIANCE WITH LAWS 

The CONSULTANT is required to comply with dl Federal, State and local laws, local 
ordinances and regulations. The CONSULTANT'S signature on this contract certifies compliance with 
the provisions of the 1-9 requirements of the Immigration Reform and Control Act of 1986 for all 
personnel that the CONSULTANT and any subconsultants employ to complete this PROJECT. It is 
understood that the DISTRICT shall conduct itself in accordance with the provisions of the Maricopa 
County Procurement Code. 

SECTION XI - GENERAL CONSIDERATIONS 

A. Prior to beginning the work, the CONSULTANT shall furnish the DISTRICT for 
approval the names of its key employees, and of its sub-consultants and their key employees to be used 
on this PROJECT. Any subsequent changes are subject to the written approval of the DISTRICT. 

The CONSULTANT in replacing a MBE/WBE subcontractor should attempt to contract with another 
MBEjWBE. 

B. The failure of either party to enforce any of the provisions of this Contract or to 
require performance of the other party of any of the provisions hereof shall not be construed to be a 
waiver of such provisions, nor shall it affect the validity of this Contract or any part thereof, or the right 
of either party to thereafter enforce each and every provision. 

C. The CONSULTANT shall be responsible for the cost of any additional design, field 
layout, testing, construction and supervision necessary to correct those emrs  or omissions attributable to 
the CONSULTANT and for any damage incurred by the DISTRICT as a result of additional 
construction costs caused by such CONSULTANT errors or omissions. 

D. The fact that the DISTRICT has accepted or approved the CONSULTANT'S work 
shall in no way relieve the CONSULTANT'S responsibility. 

Contract FCD 93-06 Page 5 of 8 



E. It is mutually understood and agreed that this Contract shall be governed by the laws 
of the State of Arizona, both as to interpretation and performance. Any action at iaw, suit in equity, or 
judicial proceeding for the enforcement of this Contract, or any provision thereof, shall be instituted 
only in the courts of the State of Arizona 

SECTION XI1 - SUCCESSORS AND ASSIGNS 

This Contract shall not be assigned by either party without prior written approval of the 
other except that the CONSULTANT may use in the performance of this Contract without prior 
approval of the DISTRICT, personnel or services of its related entities and affiliated companies as if 
they were an integraI part of the CONSULTANT; and it shall extend to and be binding upon the heirs, 
executors, administrators, successors and assigns of the parties hereto. 

SECTION XI11 - NO KICK-BACK CERTIFICATION 

The CONSULTANT warrants that no person has been employed or retained to solicit or 
secure this Contract upon any agreement or understanding for a commission, percentage, brokerage, or 
contingent fee; and that no member of the Board of Directors/Supervisors or any employee of the 
DISTRICT has any interest, financially or otherwise, in the CONSULTANT firm. 

For breach or violation of this warranty, the DISTRICT shall have the right to annul this 
Contract without liability, or at its discretion to deduct from the Contract price or consideration, the full 

, . amount of such commission, percentage, brokerage, or contingent fee. 

SECTION XIV - ANTI-DISCRIMINATION PROVISION 

The Flood Control District of Maricopa County will endeavor to ensure in every way 
possible that minority and women-owned business enterprises shall have every opportunity to participate 
in providing professional services, purchased goods, and contractual services to the Flood Control 
District of Maricopa County without being discriminated against on the grounds of race, religion, sex, 
age, or national origin. 

The CONSULTANT agrees not to discriminate against any employee or applicant for 
cmployrnent because of race, religion, color, sex, national origin, age, or handicap and further agrees not 
to engage in any unlawful employment practices. The CONSULTANT further agrees to insert the 
foregoing provisions in all subcontracts hereunder. 

SECTION XV - AMENDMENTS 

This Conwact may be amended by mutual written agreement of the DISTRICT and the 
CONSULTANT. 
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SECTION XVI - INDEMMFICATION AND INSURANCE 

A. The CONSULTANT shall provide and maintain the following minimum insurance 
requirements: 

1. Professional Liability. The CONSULTANT shall show evidence of maintaining 
continuous insurance for the past (3) years with a minimum coverage limit of $1,000,000.00 each 
claim and/or in the aggregate. 

The CONSULTANT shall provide and maintain Professional Liability Insurance with a 
minimum single limit of $1,000.000.00 for each claim made and an aggregate limit of $1,000,000.00 for 
all claims made through this contract's completion date or the policy's life, whichever is longer. 

2. Commercial General Liability. Commercial generd liability insurance with a minimum 
single limit of $1,000,000.00 for each coverage/occurrence. The policy shall include coverage for 
bodily injury and personal injury, broad form property damage and blanket contractual coverage. 

3. Automobile Liability. Automobile liability insurance, with an individual single limit for 
bodily injury and property damage of no less than $1,000,000.00, each occurrence, with respects to 
CONSULTANT'S vehicles (whether owned, hired, non-owned), assigned to or used in the performance 
of this contract. 

4. Workers' Compensation Insurance. This insurance shall be maintained during the life 
of the contract. 

5. Additional Lnsured. The policies, except professional liability and workers' 
compensation, required by this section shall name the DISTRICT as Additional Insured, and shall 
specify that insurance afforded the CONSULTANT shall be primary insurance, and that any insurance 

coverage canied by the DISTRICT or its employees shall be excess coverage, and not contributory 
coverage to that provided by the CONSULTANT. No policy issued under this contract shall lapse, be 
cancelled, allowed to expire, or be materiaIIy changed to affect the coverage available to the DISTRICT 
without thirty (30) days written notice to the DISTRICT. 

6. DISTRICT approved documentation outlining the coverages specified in this section 
shall be filed with the DISTRICT prior to issuance of the Notice to Proceed. 

B. The CONSULTANT agrees to indemnify and save harmless the DISTRICT, any of its 
departments, agencies, officers, or employees from all suits, including attorney's fees and costs of 
litigation, actions, loss, damage, expense, cost or claims, of any character or any nature arising out of 
the CONSULTANT'S wanton, willful or negligent acts, errors or omissions in the performance of work 
under this Contract, and any wanton, willhl or negligent acts, errors or omissions by any subconsultant 
or other agent used by the CONSULTANT in the performance of work under this Contract. 
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IN WITNESS WHEREOF, the parties herein have executed this Contract. 

BURGESS & NIPLE, INC. 

&S B. ~ / s c h / w  
Printed Name 

$0 ~ * i l d ! 4  P&,d& zL 
Title 

Date: /Va/ew& /(, /?93 

BL - 0/VA3V33 
Fcderal Tax Identification Number 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

RECOMMENDED BY: 

i Neil s. Erwin, P.E. 
Chief Engineer and General Manager 

Date: 

LEGAL REVIEW 

Approved as to form and within the 
powers and authority granted under 
the laws of the State of Arizona 
to the Flood Control District of 
Maricopa County. 

n 

&9 J /?/I. (' ,-hk>JM& 
neral Counsel, ~tstrict  ' 

1 / 

Date: ?/?J 

ACCEPTED AND APPROVED: 

r' 

2%& do&q 
Clerk of the Board 

Date: DEC 3 81993 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

AGENDA FORM 
I 

coni racv~ease  for ff NEW a RENEWAL 0 AMENDMENT 0 CANCELLATION 
(tor sxlstlng. record E~umofance  No MIOW) 

W.ORG. NO. 6900 DEPARTMENT: 
Flood Control District ' 0  CONTROL NUMBER: FCD-1519 

ENCUMBRANCE NO. C57"-5- -03b AGENCY , CONTROL NUMBER: EW-321 

1. BRIEF OESCRlPTlON OF PROPOSAL AND REQUESTED BOARD ACTION: It is requested that the Board of 
Directors award Contract FCD 93-06 to Burgess & Niple, Inc. for the Rio Verde North floodplain Delineation Study, 
for a lump sum amount of $245,000. The study will consist of the development of approximately 15.8 square miles 
of watershed hydrology and the development of 5 river miles of floodplain and floodway delineation. 

The Flood Control Advisory Board recommended that the Board of Directors approve this request to perfom the 
subject floodplain delineation study during its meeting of January 20, 1993. 

2. COMPLIANCE WITH MARICOPA 
COUNTY PROCUREMENT CODE 5 MC1-509 

m~uc praprapn 

SOLE SOURCE JUSTIFICATION 
I 

3. CONTINUED FROM MEETING OF 14. a THlS DEPART MENT WILL CAUSE PUBLICATlON 

DISCUSSED IN MEETING OF I a CLERK OF THE BOARD TO CAUSE PUBLICATION 

5. MOTION: It is moved that the Flood Control Dtsrr~ct of Maricopa County Board of Oirecron . . . 
award Contract FCD 93-06 to 

Burgess & Niple, Inc. for the Rio Verde North Floodplain Delineation Study. The study will be for a lump sum 
amount of $245,000. 

- 
6. FINANCIAL: ix~xpendi ture  Revenue asucgeted  5 Contingency 5 Budget Amendment C! Transfer L Grant or other 

I 
7. PERSONNEL: 

I PvronnetOtrcc:or - - ?ate 
,. :/ . . .  0- LEGAL: 

AWrcca rs n IJ,~ md wlhln Inr w r m  rnc iraMtll ~ I M I Q  won IN trxr 
9- MATERIALS MANAGEMENT: ,. ,, i , i the s a l e  d Artzana ~s V I ~  F I ~  C ~ U M  otnrrt d ~ r ~ c r m  Cwnl 

3wro ol Oirtawr i 
.A. . 

,-.- , ; oat/ 
, /,,,/ ., r/ c : 

W/MBE Fleoresenlat~ve Date 

11 . OTHER: 

Saanarure Sate Aooror~no Otltc%al Gale 

1 13. OTHER: 1 1 s .  R E C O M M E N D ~ N  OF COUNTY MANAGER: i 
Sagnature 3ate  

1 4 .  BOARO OF DIRECTORS: Act~on taken 

R A p p m ' v e d  @ Amended a 08raoprored Deleled 

Cont~nued : - o t 
/ ~ ? l e ~ u ~  meetngl 
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id 

/ 3a1e 

g ~ p p r o v e  Otsapprove 

, ~ L  I 
County M age 1 
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SCOPE OF WORK 
FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

FLOODPLAIN DELINEATION AND TOPOGRAPJXIC MAPPING 
FOR N O  VERDE - NORTH 

FCD 93-06 

GENERAL 

The study will consist of the development of approximately 15.8 square miles of watershed hydrology 
as shown on Exhibit 1 and as approximately defined as that area which lies between the Verde River 
in the East, 112th street in the West, Lone Mountain Road in the North, and Rio Verde Drive in the 
south.. Also, the consultant shall prepare 10.5 square miles of Controlled Topographic Mapping as 
shown on Exhibit 2, including a portion of the Rio Verde South study area Placement of elevation 
reference marks (ERM's) and preparation of the ARC-INFO Base Maps for both the North and South 
study areas shall be considered a part of this scope. 

The consultant will develop the hydrology using the Corps of Engineer's HEC-1 computer model, and 
5 river miles of floodplain and floodway delineations using the HEC-2 computer model. The 
consultant must use sound engineering judgement in the development of the hydrologic and hydraulic 
models. The results of the models must be analyzed carefully and refinements made to the input 
parameters in order to obtain the most realistic results. All work must meet Arizona Deparbnent of 
Water Resources (ADWR) and Federal Emergency Management Agency (FEMA) requirements for 
floodplain delineations. The results of this study must be reviewed and accepted by FEMA prior to the 
finalization of this contract. AU work under this Scope will be completed within 460 calendar days 
from the date of Notice to Proceed, including 100 days for District reviews. 

MAPPING & HYDROLOGY 

TASK 1 - COORDINATION 

1.1The consultant will submit a project schedule showing coordination meetings and completion dates 
for each of the tasks in the scope within 14 days of Notice To Proceed. The consultant shall update 
this project schedule when appropriate. 

1.2The consuttant shall participate in replar coordination meetings (at least every three weeks) with 
the District's Project Manager and in milestone coordination meetings in the development of the 
hydrologic and hydraulic analyses. The consultant is responsible for the minutes of any meetings. 
Whenever possible, coordination and milestone meetings should be combined. 

1.3The consultant shall submit monthly progress reports at least 5 days before submittal of monthly 
invoices. The report shall be brief and should be no lonser than two typed pages. At a minimum, the 
monthly report shall contain the following: 
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1.3.1A description of the work accomplished by task during the reporting month. 

1.3.2 Percent (%) completed for the month and percent (76) cumulative completed for each task 

1.3.3 A brief description of the work to be accomplished the following month. 

1.3.4 A description of any problems encountered. 

1.4 The consultant will n o w  the property owners and obtain necessary Rights of Entry for the 
study area. The District will assist the consultant as may be necessary to complete this task 
The consultant will furnish the District with a list of the property owners notified and a sample 
Right of Entry letter. 

1.5 The consultant shall meet with the community, neighborhood associations, and local officials. 
The purpose of these meetings is to identify local flooding problems and obtain information on 
current and planned public works projects, channel modifications, storm-drainage systems, 
development, and the current corporate limits. 

1.6 The District will plan and conduct two public meetings in conjunction with this study. The fim 
meeting will be to inform the public of the purpose and scope of the study. The second meeting 
will be to inform the public and obtain public comment on the study results, and shall take place 
prior to the submittal of the final report to FEMA. One representative from the consultant will 
attend each of the meetings. The consultant will respond to the comments from the public and 
make revisions to the study if necessary. 

1.7 Prior to finalizing of the hydrologic analysis, the consultant will submit hydrologic maps, HEC-1 
model, and hydrologic report to ADWR and other governmental agency reviewers through the 
District. The consultant will respond to questions by the reviewers and make modifications to 
the hydrologic maps, HEC-I model, and hydrologic report if necessary. 

1.8 The consultant will submit delineation maps, hydraulics report, and HEC-2 model, to ADWR, 
FEMA for review by the Technical Evaluation Contractor (TEC), and other governmental agency 
reviewers through the District. The consultant will respond to questions by the reviewers and 
make modifications to the delineation maps, hydraulics report, and HEC-2 model as required. 

1.9 The consultant will complete and submit applicable Application/Certification Forms required by 
FEMA for Physical Map Revisions. 

1.10 Two consultant/District Performance Evaluation will be performed, the first will be half way to 
completion and the second will be upon the completion of the project. 

1.1 1 The consultant will submit a quarterly estimation of the projected billing within 14 days of 
Notice to proceed. Thereafter, this estimation will be updated and submitted to the District's 
project manager at lease 10 days prior to the end of each quarter. 
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TASK 2 - DATA COLLECTION 

2.1 The consultant will collect and review pertinent data from the District and other outside sources. 
Data to be collected will include previous flood hazard reports and hydrology for the study 
area; existing topographic mapping; historical flooding information; as-built plans for existing 
structures; =MA Flood Hazard Boundary Maps and any Letters of Map Amendment and/or 
Revisions, and other pertinent information. 

2.2 A written report summarizing the data collected will be submitted to the District for information 
purposes. A preliminary draft of this report is due within 90 days of Notice to Proceed. 

TASK 3 - TOPOGRAPHIC MAPPMG 

3.1 An aerial survey subcontractor shall be retained by the consultant as part of this contract The 
consultant shall coordinate all the aerial surveying work with the aerial surveying subcontractor 
to ensure that the specifications of the aerial surveying work are met. The consultant is 
responsible for ensuring that the topographic mapping covers the area of the proposed 
delineation. Quality control on surveys will be per the latest edition of FEMA Document 37, 
Flood Insurance Study Guidelines and Specifications for Study Contractors. 

3.2 Digital contour and planimetric data developed for this study shall be delivered according to the 
- attached HIS specifications. 

3.3 Prepare topographic mapping to a 2-foot contour interval, with a scale of 1 inch = 200 feet, with 
spot elevations and/or 1-foot contours on all section line and mid-section line roads. 

3.4 Ground Control: 

3.4.1 The consultant shall provide all survey control using 1983 NAD. 

3.4.2 The consultant shall systematically set panel points and establish horizontal and vertical 
control throughout the areas to be mapped for use in compilation by the aerial survey 
contractor. Where readily available, surveys will tie into the State Plane Coordinate 
System. Field control shall be sufficient to readily allow for compilation of maps by the 
aerial survey contractor at the desired map scale and contour interval, and will be based on 
the Naional Geodetic Vertical Data of 1929 (NGVD) with a conversion factor to NAVD 
1488. 

3.4.3 The horizontal and vertical control points shall be located and marked by the consultant. 
The controls for the aerial mapping shall be in sufficient numbers and shall be in locations 
which will be compatible with the accuracy of the m a p p a  requirements. The controls 
shall be of at least third order accuracy. Section comers, quarter corners, and mid-section 
points shall be used for control points wherever possible. 

@ FCD 93-06 SOW Page 3 of 15 



3.5 The consultant shall provide permanent non-erasable topographic mylars of the work study 
drawings. The drawings shall be 24" X 36" in size, with a scale of 1 inch = 200 feet and a 
contour interval of 2 feet for all mapping with the exception of section line roads which will 
have spot elevations or a contour interval of 1 foot. A cover sheet will be provided with the 
project title, date of topographic mapping, and a location map showing geographic range covered 
by each specific mapping sheet Each drawing shall include the floodplain and floodway 
delineations and a minimum of a north arrow, scale, section comers and quarter comers, current 
and proposed streets and highway names, State Plane Coordinate System, major drainage 
features, corporate boundaries, cross section lines, channel station center line, index map, and 
description and elevation of E m ' s ,  and reference marks used in ,mund control. A note 
explaining the proper means to convert the NGVD 29 elevations to NAVD 88 elevations shall be 
included in "NOTES" in the map border. See Exhibit 3 for how the drawings are to be laid out. 
The mapping will have an accuracy such that ninety percent (90%) of all contours shall be 
within one-half contour of the m e  elevations and the remaining ten percent (10%) of the 
contours shall not be in error by more than one contour interval. 

3.6 Hydrologic work maps should be at a scale of 1 inch = 2000 feet (or larger scale if available) 
and shall include: reproducible transparent overlay maps of existing drainage patterns, 
subwatersheds; major flow paths; and general topographic maps. 

TASK 4 - FIELD SURVEY 

4.1 Prepare topographic mapping to a 2 foot contour interval with a scale of 1 inch = 200 feet, with 
spot elevations or 1 foot contours on all section line and mid-section line roads, for 
floodplain/floodway delineation areas as identified in Task 6 or FEMA criteria, whichever is 
more stringent. 

4.2 Ground Control for Floodplain Delineations: 

4.2.1 All topographic mapping and survey work shall meet or exceed Federal Emergency 
Management Agency (FEMA) minimum criteria as defined in the latest edition of FEMA 
Document 37, Flood Insurance Study Guidelines and Specifications for Study Contractors. 
This would include, but is not limited to: the establishment of "permanent" elevation 
reference marks (ERM's); field control; and verification of profiles by the ground survey 
profile procedure. 

4.2.2 ~orizontal and Vertical Control: Systematically set panel points and establish horizontal 
and vertical control throughout the area to be mapped for use in compilation by the aerial 
survey contractor. Where readily available, surveys will tie into State Plane Coordinate 
System 1983 NAD. Field control shall be sufficient, at least one "permanent" point per 
mile, such point(s) being used as  Elevation Reference Marks (ERMs). Surveys will be 
based on National Geodetic Vertical Datum (1929 NGVD), per F E W  guidelines. A 
conversion factor including documentation of how it was derived, will be provided by the 
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consultant to allow comparison of NGVD 29 elevations to NAVD 88 elevations and will 
be included in TDN section 2 of the final report "Permanent" survey points shall consist 
of existing monumentation, such as brass caps or similar survey monuments. Where 
additional monumentation is needed, survey markers conforming to Maricopa Association 
of Governments (MAG) Uniform Standard Detail for Public Works Construction, detail 
120-1, Type C, shall be placed 2" +/- above grade, and topped with a brass cap. Elevation 
Reference Marks will be labelled on available maps and described in a manner which 
allow them to be readily located in the field. 

4.2.3 All aerial targets are to be removed following completion of the topographic mapping. 

4.3 The consultant shall verify the accuracy of the mapping by the procedures called for in FEMA 
Document 37 or other methods approved by FEMA. This shall include the verification of cross 
sections used in the floodplain delineation. 

4.4 Field surveys or "as-built" plans of dl bridges, cuIverts, and hydraulic structures are to be 
obtained by the consultant.. This information should be reduced and compiled into an 1 lax 17" 
(maximum size) drawing for inclusion in the final report. The information presented in the 
drawing should be in a format appropriate for use in the HEC-2 model. FieId surveys or 
"as-built" plans of bridges, culverts, hydraulic structures, and routing reaches must also be 
obtained where necessary for proper hydrologic modeling. It may be necessary to field survey 
some s t r u W s  since the as-built pIans may not be on 1929 NGVD. 

@ TASK I - HYDROLOGY 

5.1 The hydrologic study of the watershed wili be delivered to the District under separate cover from 
the hydraulic analysis. The wnsultant shall use the U,S. Army Corps of Engineers computer 
program HEC-1, 1991 Version, to develop a hydrologic model for the area An appropriate time 
step and number of ordinates is to be selected that allows for complete calculation of the flood 
hydrograph without sacrificing resolution of the flood peak. AlI calculations, or assumptions 
used in developing sub-basin and routing parameters shall be documented and made a part of the 
appendix for the hydrology report. Field surveys may need to be taken for HEC-1 modeling 
purposes. 

5.2 It is required that the consultant obtain the approval of the District at each of the following 
steps: 

5.2.1 Soil maps, watershed boundary maps, and land use maps. 

5.2.2 HEC-1 parameter estimation. 

5.2.3 HEC-1 flow diagram and input parameters. 

5.2.4 HEC-1 results. 
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5.3 Four meetings associated with four tasks, and two field trips shall be held with the Rood 
Control District staff at the following miIestones: 

5.3.1 One field trip at the start of the project to scope out the critical points of the watershed 
and problem areas. 

5.3.2 Meeting number 1 as soon as basic data are gathered and the sub-basins have been 
delineated. Sample HEC-1 parameter estimations should also be presented and discussed 
at this meeting. A copy of the draft maps of the sub-basins must be delivered to the 
District at this meeting. 

5.3.3 Meeting number 2 after aII the parameters have been estimated. A draft copy of the 
parameters must be delivered to the District at least one week prior to this meeting. 

5.3.4 Meeting number 3 after the preliminary HEC-1 results have been obtained and a draft 
report has been prepared. A copy of the draft report and the copy of the HEC-1 on a 
floppy disc, compatible with the Districts computer, must be delivered two weeks prior to 
the meeting. . 

5.3.5 Meeting number 4 to review comments by the District. A second field trip may be 
scheduled for the same day so the results obtained could be discussed. 

5.4 Using appropriate hydrologic judgement and the methods and procedures described in the 
Drainage Design Manual for Maricopa County, Arizona: Volume I, sub-basins are to be 
identified that provide reasonable depiction of the watershed condition The sub-basins must be 
as homogeneous as possible, using watershed area, watershed type (mountainous and flat lands 
or urban and undeveloped areas), and time of concentration as criteria Sub-basin breakdowns 
will be done in sufficient detail to provide peak discharges at structures, major road crossings, 
confluences, the study limits, and other intermediate points. 

5.5 The specific hydrologic techniques to be used in this study are: 

5.5.1 Rainfall Depth: Point precipitation values will be determined using the information and 
procedures described in the Drainage Design Manual for Marimpa County, Arizona: 
Volume I - Hydrology. 

Rainfall Distribution: Peak discharges and peak volumes will be estimated for both the 
l b ~ - ~ e a r  6-hour stom and the 100-year 24-hour storm. Peak dischases and peak 
volumes for the 100-year 6-hour storm will be estimated using the District's 
Distribution(s). Peak discharges and peak volumes for the 100-year 24-hour storm will be 
estimated using the SCS Type IT rainfall distribution. 

5.5.2 Areal Reduction: The point precipitation values will be areally reduced for critical 
concentration points. Areal reduction for the 6 hour rainfall duration will be applied 
using the curves in the Drainage Design Manual for Maricopa County, Arizona: Volume I 
- Hydrology. NOAA HYDRO-40 will be used with the 24 hour rainfall reduction. Copies 



5.5.3 Rainfall Excess: The Green and Ampt methodology will be utilized for estimation of 
rainfall losses. The Lotus spreadsheet and procedures, provided by the District, will be 
used to determine composite parameter vaIues for each sub-basin. 

5.5.4 Unit Hydrograph: The Clark and S-Graph method should be used following the procedures 
outlined in the Drainage Design Manual for Maricopa County, Arizona: Volume I - 
Hydrology. The choices in methodology will be to the discretion of the consultant, with 
consent from the District 

5.5.5 Time of Concentration and S-Graph Lag Equation: The Papadakis method should be used 
with the Clark unit hydrograph, along with the MCUHPl computer program, to determine 
the time of concentration. If this method results in unsuitable times of concentration, other 
method(s) must be used and compared for the most realistic result. The S-graph lag 
equation, along with the MCUHF2 computer program, should be used with the appropriate 
S-graph (Phoenix mountain or Phoenix Valley). 

5.5.6 Channel Routing: Channel muting will be accomplished using either the 
Muskingum-Cunge or the Normal-Depth option of IIEC-1. The choice of methodology 
will be at the discretion of the consultant, with consent from the District. Average cross 
sections will be developed utilizing available mapping and field reconnaissance data 
Sufficient field cross sections will be taken to ensure that routing reaches are reasonable 
and representative of fieId conditions. 

The HEC-1 routing parameters for the reaches modeled using HEC-2 will be adjusted after 
the HEC-2 cross sections are available. The resulting velocities and depths, for all 
reaches, must be assessed for realistic values. 

5.5.7 Reservoir Routing: Detailed analysis of structures and ponding areas will be accomplished 
using the Modified Puls reservoir routing option of HEC-1. Stage versus discharge tables 
for hydraulic structures will be estimated using appropriate hydraulic methodology. 

5.5.8 Channel Transmission Losses: Attempts should be made to estimate infiltration losses 
through channel bottoms based on existing field data or literature. If smcient data is not 
avaiIabIe, the final report must acknowledge so and explain how the peaks and volumes of 
flow are affected by not including the transmission losses. 

5.6 The District will provide appropriate references to facilitate parameter estimation. 

5.7 Output of the computer model should be reviewed to see if the peak flows and volumes are 
realistic. Adjusments to input for obtaining the most realistic results is normal to the scope. 

5.8 Every attempt must be made to recover historic stream gage data and use it to compare with the 
results obtained by the hydrologic model. Major differences must be discussed in the final 
report. 

Page 7 of 15 



5.9.1 The final hydrologic report should include, but is not limited to the following sections and 
documentation using ADWR standards: 

3.1 Method Description 
Figure - Location Map (maximum size 11" x 17" at the appropriate scale) 

3.2 Parameter Estimation 
3.2.1 Drainage Area Boundary 

3.2.2.1 Water Sub-Basin Parameters 
General 
Soils Parameters 
Watershed Delineation and Areas 
Land Use Characteristics 
Lag Times 
S-Graphs 
Table - Summary of Green & Ampt Parameters 
Table - Soil Loss Calculations 
Table - Land Use 
Table - SlopesJSlope Adjustments 
Table - Sub-Basin Lag TirnelTirne of Concentration 
Table - Sub-Basin Parameters 

3.2.2.2 Reach Route Parameters 
General 
Field Reconnaissance . 
Hydraulic Computations 
Channel Infiltration Losses 
Table - Reach Route Data 
Table - Reach Route Channel Infiltration Loss Data 

3.2.2.3 Storage Route Parameters 
General 
Field Reconnaissance 
Hydraulic Computations 
Surface Area Computations 
Percolation Loss 
Major Structures 

3.2.3 Statistical Parameters 
3.2.4 Precipitation 
3.2.4.1 Rainfall Distribution 
3.2.4.2 Precipitation Data 
3.2.4.3 Aerial Precipitation Reduction 

Table - Aerial Precipitation Reduction Data 
3 .2 .  Gaze Data 

3.2.5.1 General 
3.2.5.2 Streamflow Gaging Stations 
3.2.5.3 Precipitation Gaging Stations 
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3.3 Calibration 
3.4 Special Problems and Solutions 
3.5 Final Results 

3.5.1 General 
3.5.2 Discussion of Results 

3.5.2.1 General 
3.5.2.2 Comparison of Results With Previous Studies/Historical Floods 

Table - Summary of Peak Flows compared to previous studies 
3.5.2.3 Summary of Results 

Table - 100-year, 24-Hour Results 
Table - lwyear ,  6-Hour Results 
Table - Summary of Peak Flows at Key Locations on the Watershed 

3.6 Final Modeling Results on Diskette(s) 
3.7 Appendices 

5.9.2 Tables and Figures for the appendices: 

5.9.2.1 Topographic base map(s) showing the subbasins, muting reaches, Tc flow paths or lag 
flow paths, major man-made structures, and references (i.e. street names, Township, 
Range, Section, etc.) at a scale of 1 inch = 2000 feet. 

5.9.2.2 Soils rnap(s) at the same scale as the base map. 

5.9.2.3 Land use map(s) at the same scale as above. 

5.9.2.4 Schematic map for the HEC-1 showing the sub-basins (area, Tc), the flow paths, the 
routing reaches (length, slope, friction, width, velocities, transmission losses, etc.), 
order of combining the hydrographs, channel, pipe or culvert dimensions (where 
appropriate). 

5.9.2.5 Pertinent data on all the structures in the watershed (such as spillway elevation, rating 
curves, etc.). 

5.9.2.6 One set of study maps (i.e. sub-basin boundary maps, flow path maps, soils maps, land 
use maps) to be folded and delivered in a binder. 

5.10 As part of the final products, the consultant will supply the hydrologic data in conformance with 
the attaihed HIS Data Delivery Specifications. 

Specific deviations from this hydrologic scope shall not be undertaken without the specific written 
concurrence from the Flood Control District. 
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a HYDROLOGY DELWERAIBLES 

TASK 6 
6.1 Mapping: 

6.1.1 One complete set of 9" x 9" contact prints of the aerial s t e m  photographs sequentially 
numbered and catalogued. 

6.1.2 One complete set of contour maps, blueline, draft copy for Rood Control District reference 
during the project, delivered immediately following the topographic mapping 

6.1.3 One complete set of contour maps (within the aerial mapping area) at 1" = 200' scale in a 
reproducible form (mylar). 

6.1.4 One (1) complete set of 9" X 9" film diapositives of the aerial stereo photographs 
sequentially numbered and catalogued. 

6.1.5 One (1) complete set of transparent overlays of photo-mylars. Sheet size, n ~ m b e ~ g ,  and 
layout shall correspond to the delineation work maps. 

6.2 The Consultant will produce six (6) copies of a final HydroIogy report as outlined in Task 5, 
and a copy of the HEC -1 model input/output. 

6.3 Tabular list of control point (ERMS) used with descriptions, elevations and coordinates. a 6.4 Documentation for this study will be as outlined in "Instructions for Organizing and Submitting 
Technical Documentation for Flood Studies" as required by ADWR. 

6.5 Original Affidavits of Publication 

6.6 Digitized Topographic data, Hydrology boundaries, Soil, and etc. in conformance wim the 
attached HIS Specifications. 

6.7 Two (2) sets of completed FEMA forms, as specified in Task 1.9 will be submitted in a 
separate notebook from the Final Report. 

FLOODPLAIN AND FLOODWAY DELlMEATION 

TASK 7: Delineation 

7.1 Floodplain and floodway delineations must be obtained using the U.S. Army Corps of 
Engineers HEC-2 Water Surface Profiles computer model, version 4.6.2, May 1991, and 
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methodology acceptable to FEMA. This model will simulate the effects of floodplain 
geomorphology, flow changes, bridges, culverts, hydraulic roughness factors, effective 
flow limitations, split-flows, and other considerations. The consultant will prepare the 
study using the guidelines established in the latest edition of FEMA Document 37, 
Flood Insurance Study Guidelines and Specification for Study Contractors and FZA 
Document 12, Appeals, Revisions, and Amendments to Flood Insurance Maps, January 
1990. 

7.2 The delineation work shall meet requirements for floodplain and floodway delineations 
as prescribed by FEMA and the Arizona Department of Water Resources. 

7.3 The delineation study shall be based on the final results of the hydrologic study as 
directed by the District. 

7.4 The consultant is to make adjustments to the HEC-2 model based on review of the 
model results by the District, FEMA, and the Technical Evaluation Contractor. 
Adjustments to the input parameters for obtaining the most realistic results is normal to 
the scope. 

7.5 The consultant will prepare working maps and models of the 100-year floodplain and 
floodway during the course of the hydraulic modeling analysis for review by the District 
at progress and milestone meetings. Floodways are to be determined using equal 
conveyance encroachment methods to start with, but only encroachment method 1 will 
be used in the fmal anaIysis. The floodway encroachment is to be as near the one foot 
maximum rise in energy gradient elevation as possible. 

7.6 The consultant must obtain District approval at each of the following steps: 

7.6.1 Field reconnaissance report and estimation of Manning's "n" values. 

7.6.2 Proposed location and alignment of the cross sections and channel centerline. 

7.6.3 Floodplain (natural) delineation. 

7.6.4 Floodway delineation using equal conveyance encroachment. 
8 

7.6.5 Floodway delineation using encroachment method 1. 

7.7 Field Reconnaissance 

7.7.1 The consultant will conduct a field reconnaissance of the full study reach. This 
will include observation of channel and floodplain conditions for estimation of 
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Manning's "n" values; photographic documentation of floodplain 
characteristics; determination of channel bank stations; observation of possible 
overflow areas; inspection of levees or other flood control structures; and 
measurement of bridge dimensions. 

7.7.2 Mannings "n" values are to be determined using the methodology in the USGS 
report, Estimated Manning's Roughness Coefficients for Stream Channels and 
Flood Plains in Maricopa County, Arizona, April 1991. Copies of the report 
are available through the District. 

7.7.3 A draft report on the field reconnaissance wiU be submitted to the District for 
review and approval prior to beginning the HEC-2 modeling. The report will 
present the determination of channel and overbank "n" values using captioned 
color photographs or color photocopies. The report will also discuss floodplain 
conditions affecting the delineation, describe structures and obstructions, and 
provide color photos or photocopies of rnaj or hydraulic structures. Photo 
locations, structures, and "n" values will be displayed on reduced scale 
mapping include in the report. The final report will be included in section 4 of 
the Technical Data Notebook. 

7.8 Cross-Sections 

7.8.1 The location and alignment of cross sections and channel centerline will be 
submitted for the District's review and approval prior to digitizing the cross 
section data. Cross section stationing will be from left to right looking 
downstream with the thalweg as station 10,000. Cross sections will be spaced 
approximately every 500 feet, unless geographic or structural constraints dictate 
otherwise, and will extend the full width of the area inundated by flood waters. 
Identification of cross sections will be in river miles, increasing upstream. The 
stationing will tie into the specified river mile of the existing FEMA studies. 
Cross section orientation may need to be altered after running of HEC-2 model 
to make sure that they are perpendicular to flow per FEMA criteria. 

7.8.2 All cross sections wiU be plotted using a pen, laser, or electrostatic plotter. 
The cross section plots will show water surface profiles, ineffective flow areas, 
"nu values, encroachments, channel stationing and other pertinent information. 
All plots are to be accompanied by a legend. These plots are to be available at 
all reviews. 

7.8.3 Cross section plots are limited to one plot at the following three stages of 
work: (a.) a plot of digitized "GR", STCHL, STCHR, centerline (station 
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10,000) to be used as a check of input data and for working sections during 
compilation of the floodplain model; (b.) a plot of the cross section for the 
completed floodplain run which shows the floodplain water surface elevation, 
ineffective flow areas, "n" value, and computer generated encroachments to be 
used as working sections for development of the floodway model; (c.) a plot of 
the final floodway model cross sections which will show Type 1 
encroachments and encroached water surface, in addition to data covered in 
items (a.) and @.). These cross sections will be submitted as part of the 
Section 4.7 of the Technical Data Notebook. . 

7.9  ridges and culverts must be modeled in compliance with HEC-2 modeling 
requirements for the selected routine. Where multiple bridges occur, each bridge will be 
modeled separately. The HEC-2 modeling results for bridges, culverts, and other 
hydraulic structures must be checked by using an independent method approved by the 
District to analyze these structures. 

7.10 For floodplains identified as ponding areas, it is preferable to analyze the area by using 
the HEC-2 model, which will provide the District with water surface eIevations. 

7.11 Flood zones must be determined according to FEMA criteria and clearly labelled on the 
final drawings. 

7.12 The total area of the floodplain and floodway must be determined for each reach in 
square miles and acres. ' 

7.13 The consultant will submit delineation maps, hydraulics report, and KIEC-2 model, to 
FEMA for review by FEMA, the Technical Evaluation Contractor (TEC), and any other 
govermentd agency reviewers through the District The consultant will respond to 
questions by the reviewers and make modifications to the delineation maps, hydraulics 
report, and HEC-2 model as required. 

7.14 An additional HEC-2 model, reflecting a supercritical flow regime, will be prepared for 
those Washes displaying supercritical flow conditions. The HEC-2 input/output data and 
diskettes for the supercritical models will be submitted under a separate cover. 

I 

HYDRAULIC DELIVERABLES 

8.1 FEMA Submittal: The consultant will submit the following items to the District for 
review by FEMA, ADWR, and any other appropriate governmental agency. All of the 
following products are considered deliverables for the FEMA submittal: 
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8.1.1 Two (2) complete sets of blueline topographic base maps with the 
floodplain/floodway delineations shown. All drawings will be signed and sealed by 
persons of appropriate professional registration(s). Each registrant will provide a 
specific statement as to what service they performed. 

8.1.2 Two (2) complete copies of the Final Report, including HEC-1 and HEC-2 
inputloutput files on diskettes, as outlined below: The Final Report will reflect 
all work performed under Phase I and Phase 11 of this contract. 

8.1.3.1 Lntroduction 
A. Purpose of study 

B. Authority for study 

C. Coordination and acknowledgments 

8.1.3.2 Area Studied 
A. Location of study 

B. Community description 

C. Principal flood problems 

D. Flood protection measures 

8.1.3.3 Engineering methods 
A. Hydrologic analyses 

B . Hydraulic analyses 

8.1.3.4 Floodplain Management applications 
A. Flood boundaries 
B. Floodways 

8.7.3.5 Lnsurance applications and CRS summary 

8.1.3.6 Other studies 

8.1.3.7 Location of data 
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8.1.3.8 Bibliography 

8.1.3.9 Technical Data Notebook 
A. Study Documentation Abstract 

B. Technical Documentation 

8.2.3 Two (2) sets of complete HEC-2 inputloutput data, with frles on computer diskette, for 
supercritical profiles. 

8.1.4 Three (3) sets of complete survey notes will be submitted in a notebook separate from 
the Final Report. 

8.1.5 Two (2) sets of completed FEMA forms, as specified in Task 1.9 will be submitted in a 
seperate notebook from the Final Report. 

8.2 Final Submittal: The following products are considered deliverables for the final 
submittal to the District after FEMA and ADWR approval is issued 

8.2.1 One (1) complete set of mylars and four (4) complete sets of sealed blueline 
topographic base maps with the floodplain/floodway delineations shown. All drawings 
will be signed and sealed by persons of appropriate professionaI registration(s). Each 
registrant will provide a specific statement as to what service they performed. 

8.2.2 Digitized topographic data and floodplain/floodway boundaries in conformance with the 
attached HIS Specifications. 

8.2.3 Four (4) complete copies of the Final Report including HEC-1 and HEC-2 inputloutput 
files on diskettes. The format of the Notebook shall follow the outline specified in Task 
7 of floodplaidfloodway delineation. This submittal of the Technical Data Notebook 
shall include any correspondence with the reviewing agencies and shall incorporate any 
revisions required by those reviewing agencies. Revisions may include, but are not 
limited to, modifications to the delineation maps, the HEC-1 model, the HEC-2 model, 
and/or the Technical Data Notebook. 

FID 93-06 SOW Page 15 of 15 



Maricopa County 

2801 \l/est D~lrango Street Phoenix, Arizona 85009 

relepl io~ie (602) 506-1 501 
Fax (602) 506-4601 

TDD (602) 506-5897 

BOARD OF DIRECTORS 
Betsey Bayless 

James D. Bruner 
Ed King 

Toni Rawles 
Mary Rose Garrido Wilcox 

Neil S. Erwin, P.E., Chief Engineer and General Managet 

i lEC 2 1 1993 
,. 

Mr. James E. Mischler, P.E. 
Vice President 
Burgess & Niple, Inc. 
5025 East Washington Street 
Suite 212 
Phoenix, Arizona 85034 

DEC 2 7 1993 

g j~c ;~ : ; : : ;  5, f l7h.E: i3C. 

SUBJECT: Contract FCD 93-06, Rio Verde Area North Floodplain Delineation 

Dear Mr. Mischler: 

This letter will serve as confirmation of the December 9, 1993 verbal Notice To Proceed for 
the work under the above-referenced contract that was approved by the Board of Directors 
on December 8, 1993. 

A fully executed contract will be forwarded to you, upon receipt from the Board. If you have 
any questions, please contact Magnus Jolayerni at 506-1501. 

L/ 

I -  Chief, Contracting Branch 
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@ SECTION 2: Mapping and Surveying Information 
2.1 General 



Hydrologic Mapping 

The base mapping used for Exhibits "A", "B", and "C" was prepared using mosaicked AutoCAD files of 

the Unites Sates Geological Survey (USGS) 7.5 minute quadrangle maps. The following are the USGS 

quadrangle maps used for this study: 

Bartlett Dam - 1964, 1962 photo date, 40' contour interval (CI) 

Fort McDowell - 1964, 1962 photo date, photo revised 1974, 20' (CI) 

McDowell Peak - 1965, 1962 photo date, photo revised 1982, 20' (CI) 

Wildcat Hill - 1965, 1962 photo date, photo revised 1981, 20' (CI) 

Hydraulic Mapping 

Mapping at a scale of 1:2400 with a 2-foot contour interval was prepared by Aerial Mapping Company, 

Inc. under subcontract to Burgess & Niple, Inc. Digitized cross sections at locations selected by Burgess & 

Niple were also provided by Aerial Mapping Company, Inc. The Aerial Mapping Company job number is 

a 93168 and the flight date was December 22, 1993. 

Mapping Control 

Standard field survey methods were used to establish control for aerial mapping. A Topcon GTS-4 Total 

Station was used. Chastain-Skillman, Inc. was employed to provide horizontal control for selected locations 

using satellite global positioning tied to the National Geodetic Control Net. 

Vertical control was based on the U.S.C. & G.S. third order control survey. Adjusted field elevations 

are on NGVD 1929 datum. 

Horizontal control was placed on the Arizona State Plane Coordinate System on NAD 1983 datum. 

Five cross sections were obtained by both field and aerial mapping methods. Location of the sections is 

shown on the Flood Boundary Maps (Exhibit 2). 



Field surveys were made between October 1993 and January 1994. Field crews included the 

e following personnel: 

Paul Culver 

Richard Dudley 

Keith Griggeory 

Chip Simpson 

Following are copies of the field books. 



SECTION 2: Mapping and Surveying Information 
2.2 Index of Maps 
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Mapping and Surveying Information 
2.4 Watershed and Hydrologic Analysis Maps 
2.5 Hydraulic Analysis Maps 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Interoffice  emo or and urn 

SUBJECT : Rio Verde North Floodplain Delineation Study (FCD 93-06) 

TO : Whom it may concern FROM : H# DATE: 

VIA: P ~ ~ a l z a w  

August 20,1996 

The Mylar maps/work maps of the above mentioned project are revised as explained in the attached 
letter from the consultant, Burgess and Niple, Inc. The revisions are effective as of the date of this 
memorandum. 

Should you have further questions, please do not hesitate to contact me at 506-1501. 



E N G I N E E R S  

A R C H I T E C T S  

Mr. Hasan Mushtaq 
Flood Control District of 

Maricopa County 
2801 W. Durango 
Phoenix, AZ 85009 

Re: N o  Verd 
Floodpla 
FCD 93- 

August 15, 1996 

Dear Mr. Mushtaq: 

Burgess & Niple. Inc. Returned herewith are the original hydraulic analysis maps received with your letter 
5025 East Washington Street dated August 13, 1996. We received only one set of maps. Maps showing the 

suite 2 I 2 floodway were not included. 
Phoenix, AZ 85034 

602 244-8100 The original Mylar maps have been revised to correct the flow values on Wash A and 
pax 602 244-1915 on the first two cross sections on Wash I. The flood elevations shown on the maps are 

correct and are in ageement with the HEC-2 files. The HEC-2 files in the final 
Technical Data Notebook are correct. 

The Initial HEC-2 Model was submitted for review on May 20, 1994. We submitted 
Special Problems and Supercritical HEC-2 Model on July 20, 1994 and resubmitted a 
revised version of that package on August 24, 1994. The August 24 submission was 
the first that included work maps showing flood elevations and flows. At this time the 
maps and HEC-2 model were in agreement except for the previously mentioned error 
on Wash I. 

Flows in the HEC-2 model for Wash A were subsequently changed to account for 
outflows to Rio Verde South and inflows from Rio Verde South to Rio Verde North, 
resulting from coordination with McLaughlin Krnetty Engineers, Ltd. Flows on the 
maps were not revised. - 
Therefore, the maps were not correct in the following, subsequent submissions: 

November 3, 1994 - Floodways 
March 6, 1995 Technical Data Notebook for District review 
March 24, 1995 - Technical Data Notebook for FEMA submission 
October 9, 1995 - Final Technical Data Notebook and Floodways 



August 15, 1996 
Page 2 

Enclosed also are two sets of prints of the revised hydraulics analysis maps and two sets 
of prints of the revised floodway maps. 

If you have additional questions, please call me at (602) 244-8100. 

Verv trulv yours, 

Enclosures 
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SECTION 3: Hydrologic Analysis 



REFER TO SEPARATE HYDROLOGY 

TECHNICAL DATA NOTEBOOK 



SECTION 4: Hydraulic Analysis 
4.1 Method Description 



Water surface elevations for Un-named Washes A, A South, F and I are computed through the 

use of the Department of the Army, Corps of Engineers HEC-2 Water Surface Profiles computer 

program as implemented by Dodson and Associates, Inc. in their May 1991 version of ProHEC2. 

Starting elevations were obtained using critical depth. Elevations used are referenced to the National 

Geodetic VerticaI Datum of 1929. 

Following completion of reproducible topographic mapping, stream thalwegs were sketched on 

work prints. Cross section locations spaced at about 1,000 feet were selected. Criteria for selection 

included: 

Represent the local stream reach 

Orient perpendicular to the predicted 100-year floodplain 

Avoid inclusion of non-effective areas such as tributary washes 

Include the entire predicted 100-year floodplain 

Check the accuracy of topographic mapping and digitized cross sections at the two locations 

surveyed in the field. 

0 At confluences and other areas where it was anticipated that flow may not be fully two 

dimensional, "broken back" cross sections where selected to reflect the predicted flow pattern. 

Cross section labeling represents each section's distance upstream of the mouth, measured in 

miles along the thalweg. 

Digitized cross sections at the locations selected as described above were provided by Aerial 

Mapping Co,, Inc. Sections were processed by Burgess & Niple to develop section plots. For each 

cross section, station 10,000 represents the intersection with the thalweg as delineated by Burgess & 

Niple on the topographic mapping. 

Cross section plots were reviewed in conjunction with aerial photographs and topographic 

mapping to determine if the sections were representative of the reach. Adjustments were made to 

remove non-effective areas, bank stations were selected, and Manning's "no values were assigned. 

Predicted overbank flow lines were sketched on the work maps, and flow lengths were scaled 

along these lines and the thalweg. 



Results of the initial HEC-2 run were reviewed to determine if sections were representative of the 

a reach. Further adjustments were made to remove non-effective flow areas. 



SECTION 4: Hydraulic Analysis 
4.2 Parameter Estimation 



Report on Manning's 'In" Values 

RIO VERDE - NORTH FLOODPLAIN DELINEATION STUDY 

FCD 93-06 

Wash A 
Wash A South 

Wash F 
Wash I 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

Burgess & Niple, Inc. 
5025 East Washington Street 

Phoenix, Arizona 85034 
(602) 244-8100 

March 1995 



On May 9, 1994, engineers from Burgess & Niple, Inc. and the Flood Control District of Maricopa 

County made a reconnaissance field trip to select Manning's "n" values for use in backwater modeling 

of Wash A from its mouth at the Verde River to the east line of Section 26, T.5N., R.6E; Wash F 

from its mouth at the Verde River to the east line of Section 25, T.5N., R.6E; and Wash I from its 

mouth at the Verde River to the east line of Section 25, T.5N., R.6E. 

Manning's "n" values were selected based on visual observations for the channel and overbanks 

using, as a guide, the report "Estimated Manning's Roughness Coefficients for Stream Channels and 

Floodplains in Maricopa County, Arizona", U.S. Geological Survey. A copy of pertinent portions of 

the report is included in the Appendix of this report. Examples of the method used to establish "n" 

values for the channel bottom are shown below for Cross Sections 0.241 and 0.658 on Wash A. 

These correspond to Photo Sites K and J ,  respectively. 

Using Equation 7 from the above reference: 

n = (n, + n, + n, + n,) x adjustment for meander 

Section 0.241: 

n = (0.025 + 0.002 + 0.000 + 0.000) x 1.15 = 0.031 

Use 0.03 

Section 0.658: 

n = (0.025 + 0.005 + 0.002 + 0.005) x 1.15 = 0.043 

Use 0.04 

The following report illustrates with photos the selected Manning's "n" values. The picture sites 

shown on the photos are also shown on the maps at the end of this report. 

In general, the channel bottoms range from clear to moderately clear of vegetation and were assigned 

coefficients of 0.020 to 0.035. Channel banks and bars are more heavily vegetated, with coefficients 

up to 0.08 for the immediate side slopes and 0.07 to 0.08 in the overbank areas. 

Roughness coefficients have been assigned to sub-elements of individual cross-sections based upon the 

field reconnaissance and con~parison with aerial photographs. Roughness coefficients are included in 

the HEC-2 computer model by use of NC or NH cards. 



WASH A 

Photo No. 1 (3-3) - Looking downstream at Site X 
"n" = 0.035 for channel 

Photo No. 2 (3-5) - Looking downstream at Site X 
"n" = 0.080 for left overbank 
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WASH A 

Photo No. 5 (2-3 1) - Looking upstream at Site F 
"n" = 0.040 for channel 

Photo No. 6 (2-32) - Looking upstream at Site F 
"n" = 0.070 for left overbank 



WASH A 

Photo No. 7 (2-24) - Looking upstream at Site I 
"n" = 0.040 for channel 

Photo No. 8 (2-28) - Looking downstream at Site J 
"n" = 0.040 for channel 



WASH A 

Photo No. 9 (2-30) - Looking downstream at Site J 
"n" = 0.080 for right overbank 
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Photo No. 10 (2-22) - Looking downstream at Site K 
"nu = 0.030 for channel 
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WASH A 

Photo No. 11 (2-23) - Looking downstream at Site K 
"n" = 0.060 for left overbank 

Photo No. 12 (2-21) - Looking upstream at Site L 
"n" = 0.035 for channel 



WASH F 

Photo No. 13 (2-19) - Looking downstream at Site P 
"nu = 0.035 for channel 
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Photo No. 14 (2-20) - Looking downstream at Site P 
"n" = 0.070 for left overbank 



WASH F 

Photo No. 15 (2-13) - Looking downstream at Site M 
"n" = 0.040 for channel 

Photo No. 16 (2-14) - Looking downstream at Site M 
"n" = 0.080 for left overbank 



WASH F 

Photo No. 17 (2-10) - Looking upstream at Site N 
"n" = 0.040 for channel 

Photo No. 18 (2-12) - Looking upstream at Site 0 
"n" = 0.055 for channel 



WASH I 

Photo No. 19 (2-1) - Looking downstream at Site V 
"n" = 0.040 for channel 

Photo No. 20 (2-2) - Looking downstream at Site V 
"n" = 0.070 for right overbank 



WASH I 

Photo No. 21 (2-7) - Looking downstream at Site S 
"n" = 0.035 for channel 
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ESTIMATED MANHING~S ROUGHNESS COEFFICIENTS FOR STREAM CHANNELS AND 
FLOOD PLAINS IN MRICOPA COUNTY, ARIZONA 

BY 

B.W. Thomsen and H.W. Hjalmarson 

ABSTRACT 

A procedure for the estimation of Manning's roughness 
coefficient (n) was applied to channels and flood plains of streams in 
Maricopa County with different roughness factors. Manning's roughness 
coefficients that ranged from 0.025 to 0.200 were estimated at 16 sites. 
Roughness coefficients were estimated by comparison of site characteristics 
with pub1 ished photographs and descriptions of channels and flood p1 ains 
where n values were verified for other studies. The base value of n and 
the values for surface irregularities, obstructions, and vegetation that 
affect the total n value are described and presented in tables, cross 
sections of channels, and photographs. All sites are readily accessible to 
facilitate field inspection of roughness factors by hydrologists and 
engineers for definition of Manning's n .  Subdivision of channel cross 
sections was based mostly on changes of channel geometry and to a lesser 
degree on the basis of large changes-of vegetation density; 

INTRODUCTION 

Computations of flow in open channels require evaluation of 
roughness characteristics of the channel. Roughness coefficients represent 
the resistance to flow and cannot be quantitatively determined by direct 
measurement or calculation. Values of roughness coefficients have been 
computed for many artificial surfaces and typical natural channels and have 

. been verified for selected channel sites. Characteristics of natural 
channels and the factors that affect channel roughness vary greatly, 
however, and the combinations of these factors are numerous. Selection of 
roughness coefficients for natural channels, therefore, requires judgment 
and skill that is acquired mainly through experience. 

The purpose of this report is to illustrate recommended 
techniques for estimating roughness coefficients for 16 sites on streams in 
Maricopa County, Arizona (fig. 1). The sites are readily accessible for 
field inspection of roughness factors by hydrologists and engineers working 
on flood-engineering studies, bridge design, or other hydraul i c computa- 
ti ons. A wide range of channel -roughness characteristics from 0.025 to 
0.200 can be observed at the sites. The techniques are based on the work 
of Chow (1959), Barnes (1964), Aldridge and Garrett (1973), and Arcement 
and Schneider (1984) and are adapted for the desert channels of the study 
area. The adaptations were based on the experience of the authors in river 
hydraulics in the deserts of the southwestern United States. The resulting 

1 



EXPLANATION 

o n-value site 

Figure 1, --St tes for which roughness 
coefficients were estimated. 



es t ima tes  should no t  be used as v e r i f i e d  values o f  roughness coe f f i c i en t s .  
The Flood Contro l  D i s t r i c t  o f  Maricopa County f u r n i s h e d  maps and channel  
data and was the cooperator i n  the study. 

The t o t a l  n v a l u e  i s  determined by u s i n g  a  base  n f o r  t h e  
channel o r  f l o o d  p l a i n  and app l y i ng  adjustments f o r  v a r i o u s  roughness 
components such as vegetat ion and obst ruc t ions t o  f l ow .  Where t h e r e  a re  
d i s t i n c t  segments o f  d i f f e r e n t  channel roughness i n  a  channel sect ion o r  
subsection, the  n values f o r  the segments are  weighted by area o r  we t t ed  
p e r i m e t e r  t o  de te rm ine  t h e  t o t a l  n value.  Where t h e r e  i s  an unequal 
d i s t r i b u t i o n  of v e l o c i t y  across a  channel, t h e  channel c ross  s e c t i o n  was 
subdivided i n t o  sect ions o f  more uniform ve loc i t y  d i s t r i b u t i o n  on t he  basis 
o f  changes i n  channel geometry and roughness. 

MANNING EQUATION 

The Manning equation i n  the fo l lowing form i s  commonly used t o  
compute discharge i n  na tu ra l  channels: 

where 

Q = discharge, i n  cubic fee t  per second, 

A = c ross-sect ion area o f  channel, i n  square feet,  

R = hydrau l i c  radius,  A/P (P, wet ted per imete r ,  i n  f e e t ) ,  i n  
feet ,  

S, = energy grad ient ,  and 

n = roughness coe f f i c i en t .  

The equation was developed f o r  c o n d i t i o n s  o f  u n i f o r m  f l o w  i n  wh ich  t h e  
water-surface p r o f i l e  and energy gradient are p a r a l l e l  t o  the streambed and 
the area, depth,  and v e l o c i t y  are constant  th roughou t  t h e  reach.  The 
equa t ion  was assumed t o  be v a l i d  f o r  nonuni form reaches i f  t h e  energy 
gradient  i s  modi f ied  t o  r e f l e c t  on ly  t he  l osses  r e s u l t i n g  f rom boundary 
f r i c t i o n  (Barnes, 1967 ) .  The mod i f i ed  energy g r a d i e n t  i s  c a l l e d  t h e  
f r i c t i o n  slope. Use o f  t h e  Manning equa t ion  i n  d i scharge  computa t ions  
g e n e r a l l y  i n v o l v e s  t h e  concept  o f  channel conveyance. Conveyance, K, i s  
def ined as 



and i s  a  measure o f  t h e  c a r r y i n g  capac i t y  o f  the  channel. Where t h e  
conveyance concept i s  used, Manning's equation i s  reduced t o  

where S i s  the f r i c t i o n  s lope .  The f r i c t i o n  s lope f o r  a  reach  o f  non- 
uniform channel can be expressed as 

where 

hf 5 energy l o s s  r e s u l t i n g  from boundary f r i c t i o n  i n  the  reach 
and 

L = leng th  o f  the  reach. 

The main components of hf are the  d i f ference i n  water-surface e leva t ion  and 

the d i f ference i n  v e l o c i t y  head a t  the ends o f  the reach. 

0 
Velocit v-Head Coefficient 

The v e l o c i t y - h e a d  c o e f f i c i e n t  i s  n o t  d i r e c t l y  used f o r  t h e  
es t imate  o f  channel  roughness i n  t h i s  r e p o r t .  Several  o f  t h e  c r o s s  
s e c t i o n s ,  however ,  a r e  s u b d i v i d e d  on t h e  b a s i s  o f  v e l o c i t y - h e a d  
considerations, and a Manning's roughness coe f f i c i en t  i s  estimated f o r  each 
o f  t h e  s u b s e c t i o n s .  A b a s i c  u n d e r s t a n d i n g  o f  t h e  v e l o c i t y - h e a d  
c o e f f i c i e n t ,  t h e r e f o r e ,  i s  necessary f o r  t h e  e s t i m a t i o n  o f  c h a n n e l  
roughness coe f f i c ien ts  f o r  channels w i th  i r r egu la r l y  shaped cross sect ions 
and varying d i s t r i b u t i o n  o f  vegetat ion across the channels. 

Roughness fac tors  and nonuni formi t i e s  i n  channel eometry cause B the ve loc i t y  i n  a  g i v e n  c r o s s  s e c t i o n  o f  channel t o  va ry  rom p o i n t  t o  
p o i n t .  As a  r e s u l t  o f  nonun i fo rm d i s t r i b u t i o n  o f  ve loc i t i es ,  the t r u e  
ve loc i t y  head (h,) genera l l y  i s  greater than t h e  va lue computed f r om t h e  
expression 

where 

V = mean v e l o c i t y  i n  the cross section and 

g = acce lera t ion o f  g rav i t y .  

The r a t i o s  of the t r u e  v e l o c i t y  head t o  the ve loc i t y  head computed on t h e  
bas is  of the mean v e l o c i t y  i s  the velocity-head coe f f i c ien t ,  alpha. For a  
reasonably s t r a i g h t  channel w i t h  uni formly shaped cross section, the e f f e c t  
o f  nonuniform v e l o c i t y  d i s t r i b u t i o n  on the computed ve loc i t y  head i s  small 



and, f o r  convenience i n  t h e  absence of a  more s u i t a b l e  method, t h e  
coe f f i c i en t  i s  assumed t o  be unity (Chow, 1959). A detailed study of the 
velocity-head coeff ic ient ,  alpha, in natural channels showed a s i g n i f i c a n t  
c o r r e l a t i o n  between a t  pha and channel roughness f o r  channels without  
overbank flow. Variation in the horizontal distribution of ve loc i ty  had a  
g r e a t e r  e f f e c t  on t h e  value of  alpha than va r i a t ion  in  the  v e r t i c a l .  
Computed values of alpha a t  894 s i t e s  in a  variety of sett ings ranged from 
1 .03  t o  4.70,  and t h e  median value f o r  t rapezoidal  channels was 1 . 4 0  
(Hulsing and others,  1966). In the computation of water-surface p r o f i l e s  
in open channels, the value of alpha i s  assumed to  be 1.0 i f  the section i s  
not subdivided (Oavidian, 1984). In subdivided channel cross sections,  the 
value of alpha i s  computed as 

where 

k i  = conveyance of individual subsections, 

a i = area of individual subsections, 

KT = conveyance of en t i r e  cross section, and 

AT - area of en t i r e  cross section. 

The Manning roughness coefficient,  n ,  i s  a  measure of t h e  flow 
res is tance  o r  r e l a t i v e  roughness of a  channel or overflow area. The flow 
resistance i s  a f f e c t e d  by many f a c t o r s  including bed ma te r i a l ,  c r o s s -  
sect ion i r r e g u l a r i t i e s ,  depth of flow, vegetat ion,  channel alignment, 
channel shape, obstructions,  suspended material, and bedload. In general  , 
a11 fac to r s  t h a t  cause turbulence  and r e t a rd  flow tend to  increase the 
roughness coefficient ( J a r r e t t ,  1984). Channel roughness also i s  d i r e c t l y  
re la ted  t o  channel s lope  (Ri gs ,  1976; J a r r e t t ,  1984). The re la t ion  of 9 roughness to  slope r e su l t s  part  y from the i n t e r r e l  a t  ion between channel 
slope and bed-materi a1 pa r t i c l e  size.  For simil ar bed materi a1 , however, 
channels with low gradients have lower roughness coefficients than channels 
with high g rad ien t s  ( J a r r e t t ,  1984). The direct relation between channel 
roughness and channel slope i s  not evident in low-gradient channels where 
high roughness coeff ic ients  r e su l t  from vegetation. Roughness coeff ic ients  
as great as 0.20 have been ve r i f i ed  f o r  channels with low g r a d i e n t s  and 
dense vegetation (Arcement and Schneider, 1984). For vegetation tha t  will 
bend under the force of flowing water, the relation between roughness and 
gradient can be inversely re1 ated. Steep slopes cause greater veloci t ies  
t h a t  bend and f l a t t e n  vegeta t ion  i f  depths of  flow a r e  s u f f i c i e n t ,  
resul tina in lower n values. Because of the relation between channel s l o ~ e  
and sizedof bed material ,  the e f fec t  of slope on n values i s  considered in 
the selection of base n values. 



A common method o f  s e l e c t i n g  t h e  roughness c o e f f i c i e n t ,  n, i s  t o  
f i  r s t  s e l e c t  a b a s e  v a l u e  o f  n f o r  t h e  bed (mater ial  ( t a b l e  1).  The base 
va lues  of n a r e  f o r  a s t r a i g h t  u n i f o r m  channel  o f  a g i v e n  bed m a t e r i a l .  
C r o s s - s e c t i o n  i r r e g u l a r i t i e s ,  channel alignment,  obs t ruc t ions ,  vege ta t ion ,  
and o the r  f a c t o r s  t h a t  i n c r e a s e  r o u g h n e s s  a r e  accoun ted  f o r  by a d d i n g  
i n c r e m e n t s  of roughness t o  t h e  base va lue  of  n. Ranges of  adjustments f o r  
t h e  f a c t o r s  t h a t  may add t o  channel roughness a r e  shown i n  t a b l e  2. 

Many a l l u v i a l  channels  i n  Maricopa County have bed mater ia l  t h a t  
moves during floodflow. In a d d i t i o n  t o  t h e  chang ing  channel  geometry  o f  
t h e s e  c h a n n e l s ,  t h e  r o u g h n e s s  c o e f f i c i e n t  may change  d u r i n g  f loodflow 
because o f  t he  changing form o f  t h e  c h a n n e l  bed i n  p a r t s  of  t h e  channe l  
c r o s s  s e c t i o n  ( D a v i d i a n ,  1 9 8 4 ) .  Bedforms, such a s  dunes, an t idunes ,  and 
plane bed have been observed du r ing  l a r g e  f l o o d s .  Wi th in  a few m i n u t e s ,  
dunes  can  a p p e a r ,  d i s a p p e a r ,  and reappear  a t  d i f f e r e n t  l oca t ions  ac ros s  a 
l a r g e  stream channel.  The Manning r o u g h n e s s  c o e f f i c i e n t  can  d o u b l e  o r  
t r i p l e  when t h e  bedform changes from plane  t o  dunes. A method of  d e f i n i n g  
re1 i a b l e  values of  Manning's n f o r  uns t ab le  a l l u v i a l  channels is not  a v a i l -  
a b l e .  A plane  bedform i s  common dur ing  l a r g e  f loods ,  and f o r  t h i s  r e  o r t ,  
pt ane-bed condi t ions  a r e  assumed where t h e  roughness c o e f f i c i e n t  i s  r e  f a t e d  
t o  t h e  s i z e  o f  t h e  channe l  m a t e r i a l  and not t h e  form of t h e  channel bed. 
Pl ane-bed condi t ions  were assumed f o r  nea r ly  a1 1 indi  r e c t  measurements  o f  
peak discharge where t h e  s lope -a rea  method was used. 

Table 1. --Base va lues  o f  Nanning's n f o r  s t a b l e  channels 

[Modified from Aldridge and G a r r e t t ,  1973, t a b l e  11 

Base n values 

S i z e  of  bed mater ia l  
Benson and 
Dal rympl e Chow 

Channel materi a1 Mi l l ime te r s  Inches (1967) (1959)' 

.............. Concrete 

.............. Rock cu t  
............. Firm s o i l  .......... Coarse sand. 

........... Fine gravel 
Gravel ................ 

......... Coarse gravel  
Cobble ................ 
Boulder ............... 

' S t r a igh t  uniform channel .  
2Smoothest channel a t t a i n a b l e  i n  i nd ica t ed  ma te r i a l .  



T a b l e  2 . - -Adjustment  factors for t h e  de te rmina t ion  o f  overa77 
Manning's n va lues  

[Modif ied from Chow, 19591 

Degree o f  irregularity: 

Smoth 0.000 OIoothest d r a n r ~ l  attainable i n  ~ i v e n  bed rater ia l .  

Minor -001- -005 Channels with s l i gh t l y  eroded w scoured side slopes. 

Moderate .OW- .010 Ch~mc ls  with oderatety slou~hed or eroded side slopes. 

Sewre -011- .020 Chamls  with bedly rl&cd bmks; unshaped, jagged, and 
irregular surfaces of charnels i n  rock. 

Negligible .000- -004 A feu scattered obstructims, d i c h  i n c l h  debris deposits, 
stumps, exposed roots, logs, piers, or isolated boulders, 
that occcgy less than 5 percent of the cross-sectional area. 

Minor -005- -015 Obstruct ions o c c w  5 t o  15 percent of the cross-sectiaret 
area and the s p e c i ~  ktueen obstructions i s  such t h a t  t he  
sphere o f  inf lucnce a r m  on obstructim &es not extend 
t o  the sphere o f  in f luence around another obs t ruc t ion .  
smatter adjustments are used f o r  curved stmoth-surfaced 
objects t h a  are used for  sharp-e&ed -tar objects. 

.020- -030 Obst ruc t ions  occupy f roa 15 t o  50 percent of the crass- 
sectional area or  the space betueen obst ruc t ions  i s  smal l  
enough t o  cause the effects of several obstructions t o  k 
additive, thereby blocking an equivalent p e r t  o f  a cross 
sect ion. 

.WO- .W Obstructiom occupy more than 50 percent o f  the  croes- 
sec t i ona l  area o r  the ktueen obstructiass i s  sum11 
enough t o  cause turbulence across most of the cross section. 

Vegetation: 

Large 

.002- .010 Dense growths o f  f l ex ib te  t u r f  press, such es Bennde, or 
weeds h e r e  the average depth of flow i s  at least two t imes 
the  height of the vegetation; s q l t  tree seedlings such as 
willow, cottonwood, arrow weed, or  sal tcedar where the 
average depth of f l a r  i s  at l a s t  three times the height of 
the vegetatim. 

.010- -025 Grass o r  weeds h e r e  the average depth of f lou  i s  fran onc 
t o  tw times the height of the vegetation; moderately dense 
stemmy grass, ueeds, o r  t r ee  seedt i n ~ s  h e r e  the awrage 
Qp th  of f l ou  i s  from tuo to three ti- the he ight  o f  the 
vegetation; moderately dense brush, similar to  1- to 2-year- 
o ld  seitceder i n  the dornant season, a l q  the benks and no 
s i g n i f i c a n t  vegetatim a l o q  the c h m l  bottoms h e r e  t k  
hydraulic radius exceeds 2 feet. 

-025- -050 Turf grass or weeds h e r e  the werege depth to  f lov i s  &out 
equal t o  the height of vegetation; s m l l  t rees intergrown 
with sane weeds and brush h e r e  the hydraulic radius exceeds 
2 feet. 

See footmtes a t  end of table. 



Table 2.--Adjustment factors for the determination of overa77 
Harming's n values--Continued 

Maming's n 
C h m l  conditions adjustment1 
-- 

Vegetat i orrCont inued: 

Very large Tur f  grass or weeds where the average depth of flow i s  less 
than h a l f  the  he ight  of vegetation; small bushy t rees  
i n te rg roun  w i t h  weeds along side s l a ~ e s  o f  dense ca t ta i l s  
growing along chamel bottan; trees intergrown w i th  ueeds 
a d  brush. 

Variations i n  channel 
cross section: 

At ternat ing 

A1 temat ing 

Size #d shape of cross sections change gradually. 

Large and smal l  c ross  sectiu-ts alternate occssicnelly, or 
the -in flow o c c w i o ~ ( l y  sh i f t s  frcm si& t o  side owing to  
changes i n  cross-sectional ohepc. 

Large ad s m l t  cross sections alternate f req~ent ly,  o r  the  
main f l ow  f requen t l y  s h i f t s  from s ide  t o  s i&  w i n g  t o  
changes in cross-sectional shape. 

Degree of m&ring3: 

Minor 

Appreciable 

1.00 R a t i o  o f  t he  meander length t o  the straight length of the 
channel reach i s  1.0 t o  1.2. 

1.15 Ratio of the meder length t o  the straight Length of charnel 
i s  1.2 t o  1.5. 

1.30 R a t i o  o f  the  meander tength t o  the  s t r a i g h t  length  of 
channel i s  greeter than 1.5. 

l~ justments for  degree of i r r e g u l a r i t y ,  v a r i a t i o n s  in  cross  sec t ion ,  e f f e c t  o f  obstruct ions,  and 
vegetation are edded t o  the base n value (table 1) before nut t ip ly ing  by the adjustment fo r  meander. 

%itions considered i n  other steps nust not bt reevaluated or duplicated i n  t h i s  section. 

S~d jus tmen t  values apply to  f Lou conf id i n  the channel- and do not a ~ p l y  h e r e  dounvelley f lou crosses 
menders. The adjustment i s  a nrr l t ipl ier. 

For floodflows in sand channels with moveable beds, roughness 
mainly is a function of the size of the bed material as shown in the 
following table (Benson and Dalrymple, 1967, p. 22). 

Median grain size, Median rain size, 
in millimeters Manning's n in mi 9 limeters Manning's n 



The above n values are f o r  upper-regime f l o w  t h a t  i s  common dur ing  f loods.  
Where these n values are used, t he  assumed f l o w  regime should be c o n f i r m e d  
(Benson and Dal ryrnpl e, 1967, p. 24). Stream channels i n  Maricopa County 
commonly are sandy i n  t h e  l o w - f l o w  p a r t  o f  t h e  channe l  where f l o w s  a r e  
common. H i g h e r  p a r t s  o f  t h e  channel beds and t h e  channel banks commonly 
are  s t a b i l i z e d  by gravel ,  cobbles, and boulders, and (o r )  t o  some extent  by 
vegeta t ion .  

Depth o f  f low.  must be considered i n  s e l e c t i o n  o f  n va lues .  The 
e f f e c t s  o f  roughness e lements  on and nea r  t h e  channe l  bo t tom t e n d  t o  
d i m i n i s h  as the  depth o f  f l ow  inc reases .  The e f f e c t  o f  v e g e t a t i o n  on n  
v a l u e s  depends g r e a t l y  on t h e  d e p t h  o f  f l o w  and t o  some e x t e n t  on the  
f l e x i b i l i t y  o f  t h e  ve e t a t i o n .  I f  t h e  f l o w  i s  o f  s u f f i c i e n t  d e p t h  t o  
submerge and ( o r )  f 9 a t t e n  t h e  v e g e t a t i o n ,  n v a l u e s  w i l l  be lowered.  
Dens i ty  o f  v e g e t a t i o n  below t h e  h i g h - w a t e r  l e v e l  and t h e  a1 ignment  o f  
v e g e t a t i o n  i n  r e l a t i o n  t o  d i r e c t i o n  o f  f l o w  a l s o  a f f e c t  n values. I f  the  
vegeta t ion  i s  a1 igned i n  rows along the  d i r e c t i o n  o f  f low, l e s s  v e g e t a t i o n  
i s  i n  c o n t a c t  w i t h  h i g h e r  v e l o c i t y  f l o w .  The roughness o f  a l i g n e d  
vegeta t ion  tends t o  be l e s s  than the  roughness o f  nonal igned vegetat ion. 

G e n e r a l l y  an n v a l u e  i s  s e l e c t e d  f o r  a  c ross  sec t ion  t h a t  i s  
rep resen ta t i ve  o f  a  reach o f  channel. I f  two o r  more c r o s s  s e c t i o n s  a r e  
being considered, t he  reach t h a t  app l ies  t o  a  g iven sec t i on  extends halfway 
t o  the  nex t  sect ion.  I n  t h i s  study, channel d a t a  i n c l u d i n g  maps showing 
c r o s s - s e c t  i o n  1  o c a t i o n s  were f u r n i s h e d  by  Maricopa County Flood Contro l  e D i s t r i c t .  A cross sec t ion  f o r  each o f  t h e  16 s i t e s  was s e l e c t e d  on t h e  
b a s i s  o f  t h e  f o l l o w i n g  c r i t e r i a :  (1) cross sec t i on  should be loca ted so 
t h a t  v i s u a l  inspect ion  i s  reasonably convenient; (2)  c r o s s  s e c t i o n  s h o u l d  
be w i t h i n  a  r e a c h  t h a t  i s  min imal ly  a f f e c t e d  by roads, br idges, and o the r  
s t r u c t u r e s  t h a t  may o b s t r u c t  f l o o d f l o w ;  and ( 3 )  c r o s s  s e c t i o n  s h o u l d  
c o n t a i n  roughness e lements  t y p i c a l  o f  t h e  reach .  Wid ths  o f  the  cross 
s e c t i o n s  range  f r o m  a  few hundred f e e t  t o  a  few thousand f e e t .  Some 
s e c t i o n s  have a d i s t i n c t  ma in  channel and over f low areas; others are one 
1  arge t rapezo ida l  sect ion. 

Components o f  Manninq's n 

The general  p rocedure  f o r  d e t e r m i n i n  n v a l u e s  was t o  f i r s t  
s e l e c t  a  b a s e  v a l u e  o f  n f o r  t h e  bed m a t e r i a 7  ( t a b l e  1 )  f o l l o w e d  by  
s e l e c t i o n  o f  n-value adjustments f o r  channel i r r e  u l  a r i  t i e s  and a1 i gnment , 
the  value o f  n was computed by 

9 o b s t r u c t i o n s ,  vegetat ion, and o ther  f a c t o r s  ( t ab  e  2). I n  t h i s  procedure, 

n = nb + n1 + n2 + n3, 
where 

(7) 

nb = base value o f  n f o r  a  s t r a i g h t  un i fo rm channel, 

n 1  = value f o r  sur face i r r e g u l a r i t i e s ,  

n2 = value f o r  obs t ruc t ion ,  and 

n3 = value f o r  vegetat ion.  



The major adjustments t o  t h e  base value o f  n used i n  t h i s  r e p o r t  
are f o r  c ross-sec t ion  c h a r a c t e r i s t i c s .  O t h e r  ad jus tmen ts  f o r  t h e  r e a c h  
c h a r a c t e r i  s t  i cs  between c r o s s  sec t ions  t h a t  i nc lude  changes i n  shape and 
s i z e  o f  cross sect ions and channel meandering a r e  n o t  g i v e n .  Procedures 
f o r  e v a l  u a t i  ng t h e  a d j u s t m e n t  f a c t o r s  f o r  t he  reach c h a r a c t e r i s t i c s  are 
g iven i n  several pub1 i c a t i o n s  i n c l u d i n g  Chow (1959), A l d r i d g e  and G a r r e t t  
(1973), J a r r e t t  (1985a, b), and Arcement and Schneider (1989). 

SUBDIVISION OF CROSS SECTIONS 

S e c t i o n s  w i t h  d i s t i n c t  changes i n  shape were d i v i d e d  i n t o  
subsections, and n values were determined separa te ly  f o r  each subsec t i on .  
Subd iv is ion  l o c a t i o n  p r i m a r i l y  was based on major breaks i n  cross-sect ional  
geometry. Cross sec t ions  were subdiv ided i f  ma in  channel  dep th  was more 
t h a n  t w i c e  t h e  d e p t h  a t  t h e  s t r e a m  edge o f  t h e  o v e r f l o w  area ( f i g .  2) .  
Subd iv is ion  a l so  commonly was made where t h e  depth o f  t h e  o v e r f l o w  a t  t h e  
s t ream edge i s  n e a r l y  h a l f  t he  depth o f  t h e  main channel and the  w id th  o f  
the  over f low area i s  a t  l e a s t  f i v e  t i m e s  t h e  d e p t h  o f  t h e  o v e r f l o w  a rea  
( f i g .  2) .  Va lues  o f  n f o r  o v e r f l o w  a r e a s  commonly were est imated from 
t a b l e  2. 

F o r  s e c t i o n s  o r  s u b s e c t i o n s  w i t h  a nonuniform d i s t r i b u t i o n  o f  
v e g e t a t i o n ,  a  compos i te  n was computed b y  u s i n g  w e i g h t e d  v a l u e s  f o r  
segments h a v i n g  d i  f f e r e n t  roughness .  Where s e c t  i o n s  were d i v ided  i n t o  
segments o f  equal roughness, d i v i d i n g  l i n e s  were s e l e c t e d  t o  p a r a l l e l  t h e  
g e n e r a l  f l ow  l i n e  and t o  represent  t h e  average contac t  between segments of 
d i f f e r e n t  roughness. Composite n values were computed by  u s i n g  we igh ted  
v a l u e s  o f  e i t h e r  a rea  (A) o r  wet ted per imeter  (P). Weighting was done by 
e s t i m a t i n g  a rea  o r  w e t t e d  p e r i m e t e r  f o r  each p o r t i o n  o f  c h a n n e l  and 
a s s i g n i n g  w e i g h t i n g  f a c t o r s  t h a t  were p r o p o r t i o n a l  t o  the t o t a l  area o r  
wetted per imeter .  The general r u l e  f o r  dec id ing  which weight ing method t o  
u s e  i s  as f o l l o w s :  Use a r e a  w e i g h t i n g  where v e g e t a t i o n  i s  dense and 
occup ies  a  d i s t i n c t  p a r t  o f  t h e  c r o s s  s e c t i o n .  Use w e t t e d - p e r i m e t e r  
w e i g h t i n g  where t h e  roughness f a c t o r  f o r  each segment i s  the r e s u l t  o f  
1  ow- ly ing  boundary ma te r ia l  . 

Where o v e r f l o w  a reas  a r e  c u l t i v a t e d  f i e l d s ,  n values are f o r  
f i e l d s  w i thou t  crops. Values o f  n f o r  f i e l d s  w i t h  c r o p s  can be based on 
t h e  work o f  Chow (1959). F i e l d s  o f  mature c o t t o n  p l a n t s  are comparable t o  
dense brush i n  summer; d e f o l i a t e d  c o t t o n  t o  medium t o  dense brush i n  w in te r  
( f i g .  3 ) .  F i e l d s  o f  a l f a l f a  a r e  comparable t o  f i e l d  crops w i t h  n value 
depending on he igh t  o f  t he  crop and depth o f  water ( t a b l e  3). The value o f  
n genera l l y  va r i es  w i t h  the  stage o f  submergence o f  the  vegetat ion. I n  a l l  
instances, n values a s s o c i a t e d  w i t h  c u l t i v a t e d  f i e l d s  w i l l  change w i t h  
t i m e .  



Subdivide if Dmax is greater than or equal to 2db 

Subdivide if Dmax is approximately equal to 2db 
and i f  Udb is equal to or greater than 5 

L = width of flood plain 
db = depth of flow on flood plain, in feet 

Dm,* = maximum depth of flow in cross section, 
in feet 

Modified from Davidian (1984) 

Figure 2.--Subdivi sion criteria commonly used for streams in Maricopa 
County, Arizona. 

Table 3.--Values of Manning's n for flood plains 

[Modified from Chow, 19591 

Description Uini- Worn1 Haximm 

Pasture, no brush: .................................. Short grass.. 0.025 
High grass......... -030 ............................. 

Cult ivated areas: 
No crop......................................... .020 .OM 
nature rou crops. .025 .035 ............................... 
nature f i e l d  crops.. .030 -040 ............................ 

Brush: 
Scatter& brush, heavy weeds ,035 -050 .................... 
Light brush and trees, i n  winter -035 .050 ................ 
Light brush and trees, i n  smr................ -040 .060 
Uediun t o  dense brush, i n  winter. -045 .OM ............... 
Hediun t o  dense brush, i n  surmer............-... .070 -100 

Trees: 
Dense willows, s m r ,  st ra ight  -110 -150 ................. 
Cleared Land with t ree st-, no sprouts .030 -040 ....... 
Same as above, but heavy grouth o f f  sprouts -050 -060 ..... 
Heavy stand of timber, a feu down trees, L i t t l e  

undergrowth, f l d  stage below branches -080 .loo ....... 
Same as above, but with flood stage 

reaching branches -100 -120 ............................. 



Figure 3 .  - -Cot ton  f i e lds  a t  different  seasons. 



SITE INFORMATION 

The f o l l o w i n g  se ts  o f  s i t e  in fo rmat ion  cons i s t  o f  a  d e s c r i p t i o n  
o f  t h e  s i t e ,  a  t a b l e  showing values o f  n f o r  sect ions and subsect ions of 
the channel f o r  t he  10-year and 100-year f l o o d s ,  channel  c r o s s  s e c t i o n s ,  
and photographs ( t a b l e s  4-19; f i g s .  4 -35) .  Photographs o f  t h e  16 s i t e s  
taken du r ing  t h e  s p r i n g  and summer o f  1989 inc lude an overview showing t h e  
l o c a t i o n  of t he  cross sec t ion ;  add i t i ona l  photographs show major i tems t h a t  
affect t h e  n value. The frame o f  the  square g r i d  shown i n  s e v e r a l  p h o t o -  
graphs i s  1 .5  f t  o u t s i d e  d imens ion  on a  s ide  w i t h  an i n t e r n a l  square o f  
1  f t on a  s i d e  and g r i d  s p a c i n g  o f  1 i n .  C r o s s - s e c t i o n  d iag rams  show 
a p p r o x i m a t e  e l e v a t i o n s  o f  t h e  1 0 - y e a r  and 1 0 0 - y e a r  f l o o d  l e v e l s ,  
appropr iate subd iv is ions ,  se lec ted  n values, and the  app rox ima te  1  o c a t  i on 
and h e i g h t  o f  t h e  v e g e t a t i o n ,  The approx imate  f l o o d  e l e v a t i o n s  were 
computed from conveyance-slope computations u s i n g  c r o s s - s e c t i  on geomet ry  
furn ished by Flood Cont ro l  O i  s t r i c t  o f  Maricopa County. 

The p h o t o g r a p h s  were t a k e n  f rom d i f f e r e n t  l o c a t i o n s  on t h e  
ground and f r o m  an a i r c r a f t .  For most s i tes ,  a  photograph o f  t y p i c a l  bed 
ma te r ia l  i s  inc luded.  The photographs o f  the channel and f l o o d  p l a i n  can 
be used fo r  comparison o f  f i e l d  cond i t ions  w i t h  photographs o f  channels and 
f lood p l a i n s  where n values have been v e r i f i e d  (Arcement and S c h n e i d e r ,  
1989; Chow, 1959; Barnes,1964; A ld r idge and Gar re t t ,  1973). Several o f  t he  
photographs and d e s c r i p t i o n s  r e f e r  t o  t h e  h o r i z o n t a l  s t a t i o n i n g  o f  t h e  
cross sect ion.  

0 The d e s c r i p t i o n  o f  each s i t e  i n c l u d e s  t h e  l o c a t i o n  o f  t h e  
channe l  c r o s s  s e c t i o n ,  t h e  d e s c r i p t i o n  of  t h e  channe l ,  t h e  b a s i s  f o r  
subd iv is ion  o f  t h e  c ross  sec t ion ,  and t h e  e v a l u a t i o n  o f  t h e  e s t i m a t e d  n  
va lue .  Changes i n  channel geometry and type and d i s t r i b u t i o n  and d e n s i t y  
of v e g e t a t i o n  a r e  d e s c r i b e d .  The a rea  o r  w e t t e d - p e r i m e t e r  b a s i s  f o r  
w e i g h t i n g  o f  n f o r  p o r t i o n s  o f  sec t ions  and subsections i s  de f ined.  The 
channel cross s e c t i o n  and t h e  photographs shou ld  be used i n  c o n j u n c t i o n  
w i t h  the  s i t e  d e s c r i p t i o n  t o  assess how n was def ined.  

The t a b l e  shows t h e  components o f  the  roughness c o e f f i c i e n t  f o r  
t h e  1 0 - y e a r  and 1 0 0 - y e a r  f l o o d s  t h a t  were est imated f o r  t he  sec t i ons  and 
subsections. The t o t a l  n values are t h e  sum o f  t he  base v a l u e  o f  n f o r  a 
s t r a i g h t  u n i f o r m  c h a n n e l  ( n  ; s u r f a c e  i r r e g u l a r i t i e s  ( n l ) ;  o b s t r u c t i o n  

bL (n2); and vegeta t ion  (n3). Das es i n d i c a t e  t h a t  a  roughness c o e f f i c i e n t  o f  
zero  was used. Where p o r t i o n s  o f  sect ions and subsections were used, t h e  
p a r t  of t he  sec t i on  o r  subsect ion used f o r  the est imate o f  t h e  c o m p o s i t e  n 
i s  1  i s t e d  under  " P o r t i o n  o f  a rea  o r  we t ted  per imeter  o f  subsect ion from 
l e f t  end." Where p o r t i o n s  o f  sect ions or subsections were n o t  used, va lues 
fo r  po r t i ons  and weighted and composite values were no t  l i s t e d .  The sum of 
the p a r t s  f o r  each p o r t i o n  o f  t h e  s e c t i o n  and ( o r )  s u b s e c t i o n  i s  equa l  
t o  1. The composite va lue  o f  n f o r  t h e  sect ions and subsect ions i s  t h e  sum 
o f  the weighted n values f o r  each po r t i on .  
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SECTION 4: Hydraulic Analysis 
4.3 Cross Section Description 



Following completion of reproducible topographic mapping, stream thalwegs were sketched on work 

prints. Cross section locations spaced at about 1,000 feet were selected. Criteria for selection included: 

Represent the local stream reach 

Orient perpendicular to the predicted 100-year floodplain 

Avoid inclusion of non-effective areas such as tributary washes 

Include the entire predicted 100-year floodplain 

Check the accuracy of topographic mapping and digitized cross sections at the two locations 

surveyed in the field. 

At confluences and other areas where it was anticipated that flow may not be fully two 

dimensional, "broken back" cross sections where selected to reflect the predicted flow pattern. 

Cross section labeling represents each section's distance upstream of the mouth, measured in 

miles along the thalweg. 

Digitized cross sections at the locations selected as described above were provided by Aerial 

Mapping Co., Inc. Sections were processed by Burgess & Niple to develop section plots. For each 

cross section, station 10,000 represents the intersection with the thalweg as delineated by Burgess & 

Niple on the topographic mapping. 

Cross section plots were reviewed in conjunction with aerial photographs and topographic 

mapping to determine if the sections were representative of the reach. Adjustments were made to 

remove non-effective areas, bank stations were selected, and Manning's "n" values were assigned. 

Results of the initial HEC-2 run were reviewed to determine if sections were representative of the 

reach. Further adjustments were made to remove non-effective flow areas. 

Following are copies of cross sections showing bank stations, 100 year water surface elevation, 

and Manning's "n" values. 
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SECTION 4: Hydraulic Analysis 
4.5 Special Problems/Solutions 



SPECIAL PROBLEMS - GENERAL 

@ Special Problem No. 1 

Split flows appear on the cross sections at several locations. Where not specifically discussed as 

a special problem, the average height of the ground on small islands formed by the split flow is less 

than 1 foot above the 100-year flood elevation, or the island is very small. Since the height of most 

of these islands is less than the accuracy of the mapping, they are shown as being flooded. 



SPECIAL PROBLEMS 

• Special Problem No. 1A 

Wash A 

Wash A, Breakout at Cross Section 2.494 (see the Hydraulic Analysis Maps, Sheet 5 of 6) 

Wash A overtops its drainage divide to the south (right overbank) and discharges flow to the 

adjacent watershed. Rating curves for Cross Section 2.494 and the south drainage divide were 

developed, plotted, and added together to determine the flow that remains in Wash A. Approximately 

220 cubic feet per second (cfs) is diverted from Wash A and does not re-enter Wash A. Therefore, 

all discharges in Wash A below Cross Section 2.494 were decreased by 220 cfs. At the Wash A and 

Wash A South split, where 50 percent of the flow goes into each wash, the decreased flow of 220 cfs 

was also divided equally between Wash A and Wash A South. (Refer to the supporting calculations 

at the end of this section.) 

Of the 220 cfs leaving Wash A, 160 cfs leaves below Cross Section 2.494 and 60 cfs leaves at 

a Cross Section 2.494. Therefore, the discharge at Cross Section 2.494 is 1,330 cfs minus 60 cfs, or 

1,270 cfs . 

Special Problem No. 2A 

Wash A, Cross Section 2.105 (see Sheet 5 of 6) 

A small wash ends just downstream of this cross section in Wash A's channel, causing a split 

flow condition downstream of this cross section. This small wash runs parallel to Wash A and has 

other small washes entering which contribute to its flow. The small wash also splits in several 

locations. The small wash does re-enter Wash A via Wash A South just above Cross Sections 0.599 

and 0.411. 

Since the small wash conveys a portion of Wash A flow, that amount of flow was determined. 

Rating curves for Cross Section 2.105 and at the location where the flooding of the small wash 

separates from Wash A were developed, plotted, and added together to determine the flow that 



remains in Wash A and the flow that leaves Wash A. Approximately 60 cfs is diverted from Wash A 

and re-enters Wash A South at Cross Sections 0.599 and 0.41 1.  Since this discharge is less than 

6 percent of the total flow and causes a depth of flooding in the small channel of less than 1 foot and 

since the small wash receives flow from other washes and has split flow in several locations, the 

flooded area along the wash will not be determined. In addition, the flow in Wash A will not be 

reduced to account for this small amount of split flow that leaves Wash A. (Refer to the supporting 

calculations at the end of this section.) 

Special Problem No. 3A 

Wash A and Wash A South Confluence Area (see Sheet 5 of 6) 

Although the low flow confluence of Wash A and Wash A South occurs at Wash A River Mile 

1.586, the discharge is changed from the value below the confluence to the value above the 

confluence at Cross Section 1.472. Cross sections upstream of this point include geometry of both 

Wash A and Wash A South because flow overtops the ridge separating the two washes. Therefore, 

the total flow was used at those cross sections. Cross sections downstream of Cross Section 1.472 

include only the flow from the respective washes. 

Special Problem No. 4A 

Wash A and Wash A South Confluence Area (see Sheet 3 of 6) 

Although the low flow confluence of Wash A and Wash A South occurs at Wash A River Mile 

0.682, the discharge is not changed from the value below the confluence to the value above the 

confluence until Cross Section 0.820. Cross sections downstream of this point include geometry of 

both Wash A and Wash A South because flow overtops the ridge separating the two washes in this 

area. Therefore, the total flow was used at this cross section. Cross sections upstream of Cross 

Section 0.821 include only the flow from the respective washes. 



Special Problem No. 5A 

Wash A, Cross Section 0.550 (see Sheet 3 of 6) 

Water in Wash A overtops its drainage divide to the south (right overbank). Wash A therefore 

conveys a portion of the flow to the adjacent watershed. A rating curve for the divide was 

developed, and the flow diverted is estimated to be about 30 cfs, which is less than 3 percent of the 

total flow. Because the flow is small and the depth of flow at the divide is less than 0.3 feet (which 

is less than the accuracy of the map), it is assumed that no flow is being diverted. The flooded area 

will just extend to the watershed divide. (Refer to the supporting calculations at the end of the 

section.) 



SPECIAL PROBLEMS 

WASH A SOUTH 

Special Problem No. 1AS 

Wash A South, Cross Section 0.512 (see Sheet 3 of 6) 

Water in Wash A South overtops its drainage divide to the north (left overbank). Therefore, 

Wash A South conveys a portion of the flow to the adjacent watershed of Wash A. 

Water in Wash A South also overtops the divide to the south which separates Wash A South and 

Tributary 2 of Wash A South. 

Rating curves for Cross Section 0.512, the north divide, and the south divide were developed, 

plotted, and added together to determine the flow that remains in Wash A South and the flow that 

leaves the channel of Wash A South. Approximately 80 cfs is diverted from Wash A South's channel 

with 55 cfs going to Wash A to the north and 25 cfs going south to Tributary 2 of Wash A South. 

Therefore, 55 cfs will be added to Wash A Cross Sections 0.820 through 1.208, and 80 cfs will be 

subtracted from Wash A South Cross Section 0.512. As Tributary 2, which receives the 25 cfs from 

Wash A South, rejoins Wash A South at the next downstream cross section (Cross Section 0.41 I), 

flows at Wash A South Cross Sections 0.121 through 0.41 1 will be reduced by only 55 cfs. (Refer to 

the supporting calculations at the end of this section.) 



SPECIAL PROBLEMS 

WASH F 

Special Problem No. F1 

Wash F, Cross Section 0.790 (see Sheet 3 of 6) 

At this cross section, the flow is split between flow in Wash F and flow in a small channel just 

right of Wash F. Since the flow is not split in the cross section upstream or downstream, there was 

insufficient detail to warrant further calculation with respect to the flow or the profile in the split 

channel. 

Special Problem No. F2 

Wash F, Cross Section 0.683 (see Sheet 3 of 6) 

At this cross section, the flow is split between flow in Wash F and flow in a small channel just 

left of Wash F. Since the flow is not split in the cross section upstream or downstream, there was 

insufficient detail to warrant further calculation with respect to the flow or the profile in the split 

channel. 

Special Problem No. F3 

Wash F, Cross Section 0.480 (see Sheet 4 of 6) 

This cross section location crosses a channel that does not contribute any flow to Wash F. 

Because of the cross section location, effective flow contours were included in the model to represent 

the actual flow conditions of Wash F at this location. 



SUPPORTING CALCULATIONS 



SPECIAL PROBLEM NO. 1A 







SPECIAL PROBLEM NO. 2A 
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SPECIAL PROBLEM NO. 5A 
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SPECIAL PROBLEM NO. IAS 







SPECIAL PROBLEMS 

KEY TO COMPUTER OUTPUT 

Input Output Special 
Letter File File Description Problem 

A SP1A.RAT SPlA.OH2 Wash A 1A 
Breakout Flow Section 2.502 

B SF2A(l).RAT SF2A(l).OH2 Wash A 2A 
Small Wash Split Flow near 

Section 2.105 

C SEA(2) .RAT SRA(2). OH2 Wash A 2A 
Rating Curve for Section 2.105 

D SP 1 AS. RAT SP1 AS .OH2 Wash A South 1AS 
Breakout Flow, Section 0.512 



1********************************************* 
* HFC-2 WATER SURFACE PROFILES * U.S. ARMY CORPS OF ENGINEERS 

* HYDROLOGIC ENGINEERING CENTER 
* 609  SECOND STREET, SUITE D 
* DAVIS. CALIFORNIA 95616-4687 

-. - - 

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

* RUN DATE 19AUG94 TIME 10:39:19 * 
.......................................... 

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

PAGE 1 

THIS RUN EXECUTED 19AUG94 10:39:19 
***************L*****""**""""""""~~"" 

HEC-2 WATER SURFACE PROFILES 

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

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93. 
RIO VERDY NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS 
WASH A L. CULLER - (602)244-8100  
JOB 15183 PR15183 ETC WASHA\SPlA.RAT RUN 1 
RATING CURVE FOR BRkAKoST FLOW AT SECTION 2 . 5 0 2  
SPECIAL PROBLEM NO. 1A 

-06  
& NIPLE, INC. 

ICHECK INQ NlNV I D I R  STRT METRIC HVINS 

2 -1 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC 

1 -1 

9 WSEL FQ 

1774 

I BW CHNIM ITRACE 

15  

VARIABLE CODES FOR SUMMARY PRINTOUT 

PAGE 2 

PAGE 3 

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

Q QLOB QCH QROB ALOB ACH AROB VO L TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

S e c t i  

I 

R i o  Verde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
S p e c i a l  P r o b l e m  No. 1 A  

March  3, 1995 



a- CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
"SECNO 2.297 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
2.297 2.31 1773.91 1773.91 1774.00 1774.24 .33  . 00 .OO 1773.30 
600.0 24.8 376.3 198.9 20.4 75.4 48.5 .O .O 1773.50 

.OO 1.21 4.99 4.11 .080 .035 .042 ,000 177 1.60 9943.69 
.011884 625. 612. 575. 0 9 0 .OO 240.30 10234.94 

FLOW DISTRIBUTION FOR SECNO- 2.30 CWSEL= 1773.91 

STA- 9944. 9983. 9989. 10057. 10121. 10131. 10139. 10235. 
PER 9- 3.0 1.1 62.7 3.9 22.2 5.8 1.2 

AREA- 16.2 4.2 75.4 9.0 20.0 8.7 10.7 
VEL- 1 . 1  1 .5  5.0 2.6 6.7 4.0 .7  

DEPTH- .4 .7 1.1 1 2 . 1  1.0 .I 

1490 NH CARD USED 
*SECNO 2.403 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9832.6 10319.0 TYPE- 1 TARGET- -9832.600 
2.403 2.05 1787.95 1787.95 .OO 1788.26 .31 7.71 .OO 1787.60 
600.0 202.9 221.8 175.3 77.2 34.3 69.5 2 .0  3 . 5  1787.40 

.04 2.63 6.47 2.52 .070 ,035 .054 ,000 1785.90 9860.94 
.016707 530. 560. 550. 4 12 0 .OO 314.15 10204.01 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL- 1787.95 

1 
19AUG94 10:39:19 PAGE 4 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

%ME vLoB $Cc! "Roe xNL xNcH xNR wTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL' IDC ICONT CORAR TOPWID ENDST 

STA- 9861. 9891. 9929. 9934. 9949. 9991. 10017. 10061. 10069. 10077. 10094. 10103. 10163. 
PER Q- 3.0 10.4 5 .9  11.3 3 .1  37.0 4.2 6.6 6.2 4.2 4 .0  3.3 

AREA- 
VEL- 

9.0 26.8 9.3 19.8 12.4 34.3 14.1 8.1 8 . 1  10 .4  8.9 16.4 
2.0 2.3 3.8 3.4 1.5 6.5 1.8 4.9 4.6 2.4 2.7 1.2 

DEPTH- .3 .7 1 .7  1.4 .3 1.3 .3  1.1 1.0 .6 1 . 0  . 3  

STA- 10163. 10204. 
.6  PER Q- 3.5 

AREA- 
VEL- 1 .O 

DEPTH- .I 

CCHV- . I 0 0  CEHV- .300 
"SECNO 2.494 

3265 DIVIDED FLOW 

3280 CROSS SECTION 2.49 EXTENDED 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9902.7 10130.0 TYPE= 1 TARGET- -9902.700 
2.494 2.73 1800.23 1800.23 .OO 1800.67 .44 7 .63  .04 1799.50 
600.0 11.5 348.1 240.5 10.4 53.9 74.8 3.7 6.0 1799.80 

.06 1.10 6.46 3 .21  .080 .035 .060 ,000 1797.50 9935.05 
.016844 445. 480. 425. 12 1 1  0 .OO 187.88 10130.00 

FLOW OISTRIBUTION FOR SECNO- 2.49 CWSEL- 1800.23 

STA- 9935. 9977. 10019. 10062. 10072. 10080. 10097. 10123. 10130. 
PER Q- 1.9 58.0 4.8 10.0 13.6 8 . 1  3 . 4  .1 
AREA- 10 .4  53.9 16.7 13.9 16.2 15.9 11.1 1.0 

VEL- 1 . 1  6.5 1.7 4.3 5 .0  3 .1  1.8 . 8  
DEPTH- .3  1.3 .4  1.5 2.0 .9  . 4  . 1  

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RID VERDY NORTH FLOODPLAIN DELINEATION STUDY B Y  BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC\WASHA\SP9WASHA.R RUN I 
T5 SPECIAL PROBLEM NO. 9 

J 1  ICHECK INQ NINV IDIR STAT METRIC HVINS Q WSEL FQ 

3 - 1 1774. 

.03 FEET 

PAGE 5 

R io  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study  
S p e c i a l  Problem No. 1A 

March 3, 1995 
S e c t i o n  4.5,  Page A2 



J2NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

15 

PAGE 6 

ZFCND nFPTH CWSEl CRIWS WSELK EG HV H L OLOSS L-BANK ELEV Gibe- GC"-- . .. .. - 
QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME vLoB vcH vRoB xNL xNcH xNR wTN ELMIN ssTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV- ,100 CEHV- .300 
1490 NH CARD USED 
"SECNO 2.297 

3265 DIVIDE0 FLOW 

3720 CRITICAL DEPTH ASSUMED 
2.297 2.34 1773.94 1773.94 1774.00 1774.35 .41  . O O  .OO 1773.30 
700.0 30.7 437.7 231.6 22.0 77.8 53.2 .O .O 1773.50 

.OO 1.39 5.62 4.35 .080 .035 ,042 .OOO 1771.60 9942.79 
,014491 625. 612. 575. 0 4 0 .OO 254.81 10235.85 

FLOW DISTRIBUTION FOR SECNO- 2.30 CWSEL- 1773.94 

STA- 9943. 9983. 9989. 10057. 10121. 10131. 10139. 10236 
PER Q- 3 .3  1.1 62.5 4.0 21.6 5.8 1.6 
AREA- 17.6 4.4 77.8 1 0 . 4  20 .4  9.0 13.4 

VEL- 1.3 1.8 5.6 2.7 7.4 4.5 . 8  
DEPTH- . 4  .7 1.2 .2 2 .1  1.0 1 

1490 NH CARD USED 
'SECNO 2.403 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIDNS- 9832.6 10319.0 TYPE- 1 TARGET- -9832.600 
2.403 2.15 1788.05 1788.05 .OO 1788.35 .30 8.28 . 0 1  1787.60 
700.0 236.2 242.9 220.9 91.2 36.9 86.2 2.3 3.7 1787.40 

.04 2.59 6.57 2.56 .070 .035 .055 .OOO 1785.90 9847.61 
.015590 530. 560. 550. 1 1  10  0 .OO 338.90 10205.67 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL- 1788.05 

19AUG94 10:39:19 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H t OLOSS L-BANK ELEV 
Q QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB $:; VRDB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL' IDC ICONT CORAR TOPWID ENDST 

PAGE 7 

STA- 9848. 9891. 9929. 9934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 10103. 
PER Q- 3 .4  10.6 5 . 4  10.5 3.3 .5 34.7 5.6 6.4 6 .1  4.3 3 . 9  
AREA- 13.0 30.6 9 . 8  21.2 13.2 3.5 36.9 18.5 8.9 9.0 12.1 9 . 8  

VEL- 1.8 2.4 ? R ? 5 1.7 1.1 6.6 2.1 5 .1  4.8 2.5 2.8 

STA- 9848. 9891. 9929. 9934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 10103. 
PER Q- 3 .4  10.6 5 . 4  10.5 3.3 .5 34.7 5.6 6.4 6 .1  4.3 3 . 9  
AREA- 13.0 30.6 9 . 8  21.2 13.2 3.5 36.9 18.5 8.9 9.0 12.1 9 . 8  

VEL- 1.8 2.4 3 . 8  3.5 1.7 1.1 6.6 2.1 5 .1  4.8 2.5 2.8 
DEPTH- .3  .8 1.8  1.5 .5 .3 1.4 .4 1.2 1.1 .7 1.1 DEPTH- .3  .8 

STA- 10103. 10148. 10206. 
PER Q- 3.8 1.5 
AREA- 18 .1  9.8 

VEL- 1.5 1.1 
DEPTH- .4 .2 

CCHV- . I 0 0  CEHV* .300 
*SECNO 2.494 

3265 DIVIDED FLOW 

3280 CROSS SECTION 2.49 EXTENDED .14 FEET 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9902.7 10130.0 TYPE- 1 TARGET- -9902.700 
2.494 2.84 1800.34 1800.34 . O O  1800.81 .47 7 . 3 1  .05 1799.50 
700.0 17.5 395.5 287.1 14.4 58.4 86.5 4.2 6 .4  1799.80 

.06 1 .21  6.77 3.32 ,080 ,035 ,060 ,000 1797.50 9933.24 
.016656 445. 480. 425. 13 1 1  0 .OO 194.09 10130.00 

FLOW DISTRIBUTION FOR SECNO- 2.49 CWSEL= 1800.34 

STA- 9933. 9977. 10019. 10048. 10067. 10072. 10080. 10097. 10123. 10130 
PER Q= 2.5 E.6 5 3 Q & 7 7 . 1  12.6 8.3 4.2 .3  
AREA- 14.4 --.. --. , . ... 

VEL- 1.2 6.8 2 . 0  2 .6  5.1 -5.2 3 .3  2 . 1  1 .2  
DEPTH- . 3  1 . 4  . 5  .7 2 . 1  2.1 1.0 .5 .2 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
S p e c i a l  Problem No. 1A 

March 3. 1995 
S e c t i o n  4.5,  Page A3 



PAGE 8 

ti FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
R I O  VERDY NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE,  INC 
WASH A L .  CULLER - (602)244-8100 

T 4  JOB 15183 PR15183\ETC\WASHA\SP9WASHA.R RUN 1 
T5 SPECIAL PROBLEM NO. 9 

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

4 -1 1774. 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

3 -1 15 

1 
19AUG94 10:39:19 PAGE 9 

SECND DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QcH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME vLoB  vcn vRoB xNL xNcH xNR wTN ELMIN ssTA  
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- .I00 CEHV- ,300 
I490 NH CARD USED 
"SECNO 2.297 

3265 DIV IDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
2.297 2.50 1774.10 1774.10 1774.00 1774.55 .45 . 00 .OO 1773.30 
900.0 49.1 549.9 301.1 29.3 87.9 77.5 .O .O 1773.50 

.OO 1.67 6.25 3.88 .080 .035 .045 .OOO 1771.60 9939.05 
.015217 625. 612. 575. 0 7 0 .OO 290.91 10239.68 

FLOW DISTRIBUTION FOR SECNO- 2.30 CWSEL- 1774.10 

STA- 9939. 9979. 9989. 10057. 10121. 10131. 10139. 10216. 10240. 
PER Q- 3.8 1.7 61.1 4.7 19.3 5.8 3.4 .3 
AREA- 21.5 7.8 87.9 17.6 21.8 10.3 24.6 3.2 

VEL- 1.6 1.9 6.3 2.4 8.0 5.1 1.3 .7 
DEPTH- .5 .8 1.3 .3 2.3 1.2 .3 .I 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9832.6 10319.0 TYPE- 1 TARGET- -9832.600 
2.403 2.29 1788.19 1788.19 .OO 1788.52 .33 8.64 .01 1787.60 
900.0 305.0 288.3 306.7 110.7 40.5 109.4 2.9 4.0 1787.40 

.04 2.76 7.12 2.80 .070 .035 .055 .OOO 1785.90 9841.84 
.016196 530. 560. 550. 9 10 0 .OO 355.13 10207.85 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL= 1788.19 

I 
19AUG94 10:39:19 PAGE 10 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

?,ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL' IDC ICONT CORAR TOPWID ENDST 

STA- 9842. 9891. 9929. 9934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 10103. 
PER Q= 4.1 10.7 4.8 9.6 3.8 .8 32.0 7.0 6.1 5.9 4.3 3.8 

AREA- 19.2 35.6 10.6 23.1 17.0 5.3 40.5 24.4 9.9 1 0 . 1  14.3 11.0 
VEL- 1.9 2.7 4.1 3.7 2.0 1.4 7.1 2.6 5.5 5.3 2.7 3.1 

DEPTH= .4 .9 1.9 1.6 .6 .4 1.5 .6 1.3 1.2 .8 1.2 

STA- 10103. 10148. 10208 
PER Q= 4.8 2.2 

AREA- 24.0 15.7 
VEL- 1.8 1.3 

DEPTH= .5 .3 

CCHV- .I00 CEHV- .300 
"SECNO 2.494 
3280 CROSS SECTION 2.49 EXTENDED .33 FEET 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9902.7 10130.0 TYPE- 1 TARGET= -9902.700 
2.494 3.03 1800.53 1800.53 .OO 1801.05 .52 7.27 .06 1799.50 
900.0 34.5 483.9 381.6 23.2 66.7 108.4 5.2 6.8 1799.80 

.06 1.48 7.25 3.52 .080 .035 .060 .DO0 1797.50 9929.88 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No.  1 A  

M a r c h  3, 1995 
S e c t i o n  4.5, Page A4 



FLOW DISTRIBUTION FOR SECNO- 2.49 CWSEL- 1800.53 

STA- 9930. 9977. 10019. 10036. 10062. 10072. 10080. 10097. 10123. 10130. 
PER Q- 3.8 53.8 3.5 4.6 8.7 11.2 8.4 5.3 .6 
AREA- 23.2 66.7 12.5 17.3 16 .8  18.7 21 .1  18.9 3 . 2  

VEL- 1.5 7.3 2.5 2.4 4.7 5.4 3.6 2.5 1.7 
DEPTH- .5  1.6 .7 .7 1 .8  2.3 1 . 2  .7 .4 

T 1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDY NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC\WASHA\SP9WASHA.R RUN 1 
T 5 SPECIAL PROBLEM NO. 9 

5 1  ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

5 - 1 1774. 

52 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

4 -1 15 

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

Q QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV- ,100 CEHV- .300 
1490 NH CARD USED 
"SECNO 2.297 
3720 CRITICAL DEPTH ASSUMED 

2.297 2.72 1774.32 1774.32 1774.00 1774.81 .49 .OO .OO 1773.30 
1200.0 80.7 697.5 421.7 41.3 103.1 118.9 .O .O 1773.50 

.OO 1.95 6.76 3.55 .080 .035 ,048 .OOO 1771.60 9933.47 
.014406 625. 612. 575. 0 7 0 .OO 311.95 10245.43 

PAGE 1 1  

PAGE 12 

L FLOW DISTRIBUTION FOR SECNO- 2.30 CWSEL= 1774.32 

1490 NH CARD USED 
*SECNO 2.403 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9832.6 10319.0 TYPE- 1 TARGET- -9832.600 
2.403 2.46 1788.36 1788.36 .OO 1788.73 .38 8.53 .01 1787.60 

1200.0 409.1 350.0 440.9 137.1 45.1 141.1 3.7 4.3 1787.40 
.03 2.99 7.77 3 .12  .070 .035 .056 .OOO 1785.90 9834.38 

.016707 530. 560. 550. I 0  10 0 .OO 370.25 10210.68 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL= 1788.36 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

PAGE 13 

STA- 9834. 9886. 9909. 9929. 9934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 
PER Q- 3 .3  4.9 7 . 5  4.3 8.6 4.4 1 . 2  29.2 8 . 4  5.7 5 .6  4 .3  
AREA- 22.0 21.7 26.6 11.5 25.5 22.0 7 .7  45.1 31.9 11.2 11.5 17.2 

VEL- 1.8 2.7 3 . 4  4.4 4.1 2.4 1 .9  7.8 3.2 6 . 1  5 . 8  3.0 
DEPTH- .4 1.0 1 . 4  2.1 1 .8  .8 . 6  1.7 .7 1.5 1 . 4  1.0 

STA- 10094. 10103. 10148. 10211. 
PER Q- 3 .6  5.8 3 . 3  
AREA- 12.5 31.7 24.9 

VEL- 3 . 4  2.2 1.6 
DEPTH- 1.4 .7 . 4  

CCHV- . l o 0  CEHV- .300 
*SECNO 2.494 
3280 CROSS SECTION 2.49 EXTENDED .57 FEET 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
S p e c i a l  Problem No. 1A 

March 3 ,  1995 
S e c t i o n  4.5, Page A5 



7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9902.7 10130.0 TYPE- 1 TARGET- -9902.700 
2.494 3.27 1800.77 1800.77 .OO 1801.38 .61 7.38 .07 1799.50 
1200.0 @ 0 6  

64.4 612.0 523.6 34.8 76.7 134.6 6.6 7.2 1799.80 
1.85 7.97 3.89 .080 .035 .060 .DO0 1797.50 9925.85 

.016031 445. 480. 425. 15 11 0 .OO 204.15 10130.00 

FLOW DISTRIBUTION FOR SECNO- 2.49 CWSEL- 1800.77 

STA- 9926. 9961. 9977. 10019. 10036. 10062. 10072. 10080. 10097. 10123. 10130. 
PER 9- 3.2 2.2 51.0 4.2 5.7 8.0 9.9 8.5 6.4 .9 

AREA- 21.9 12.9 76.7 16.5 23.4 19.0 20.7 25.1 25.0 4.9 
VEL- 1.7 2.1 8.0 3.1 2.9 5.1 5.7 4.1 3.1 2.3 

DEPTH- .6 .8 I .8 1.0 .9 2.0 2.5 1.5 1.0 .7 

T 1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T 2  RIO VERDY NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC.  
T 3  WASH A L .  CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC\WASHA\SP9WASHA.R RUN 1 
T 5  SPECIAL PROBLEM NO. 9 

J1 ICHECK I N Q  N INV I D I R  STRT METRIC HVINS Q WSEL FQ 

6 -1 1774. 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

15 -1 15 

PAGE 14 

PAGE 15 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENOST 

a- CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
"SECNO 2.297 
3720 CRIT ICAL  DEPTH ASSUMED 

2.297 2.76 1774.36 1774.36 1774.00 1774.89 .54 .OO .OO 1773.30 
1310.0 90.5 754.7 464.8 43.5 105.7 126.2 .O .O 1773.50 

.OO 2.08 7.14 3.68 .080. .035 .049 .OOO 1771.60 9932.52 
,015525 625. 612. 575. 0 10 0 .OO 313.88 10246.41 

FLOW DISTRIBUTION FOR SECNO- 2.30 CWSEL- 1774.36 

STA- 9933. 9979. 9989. 10057. 10117. 10121. 10131. 10139. 10193. 10246. 
PER 9- 5.0 1.9 57.6 3.3 3.1 16.1 5.6 4.9 2.6 

AREA- 33.0 10.5 105.7 27.2 6.9 24.3 12.5 33.2 22.0 
VEL- 2.0 2.4 7.1 1.6 5.8 8.7 5.9 1.9 1.5 

DEPTH* .7 1.0 1.6 .5 1.6 2.6 1.5 .6 .4 

1490 NH CARD USED 
"SECNO 2.403 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIF IC  ENERGY 
3720 CRIT ICAL  OEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9832.6 10319.0 TYPE- 1 TARGET- -9832.600 
2.403 2.52 1788.42 1788.42 .OO 1788.81 .39 8.88 .Ol 1787.60 
1310.0 447.7 371.2 491.1 146.3 46.6 152.1 3.9 4.3 1787.40 

.03 3.06 7.97 3.23 .070 .035 ,056 . 000 1785.90 9832.60 
.016793 530. 560. 550. 11 10 0 .OO 376.57 10267.32 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL= 1788.42 

1 
19AUG94 10:39:19 PAGE 16 

STA- 9833. 9886. 9909. 9929. 3934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 
PER Q- 3.6 5.0 7.4 4.1 8.4 4.5 1.3 28.3 8.8 5.6 5.5 4.3 

AREA= 25.2 23.1 27.8 11.9 26.3 23.6 8.5 46.6 34.5 11.7 12.0 18.2 
VEL- 1.9 2.8 3.5 4.5 4.2 2.5 2.0 8.0 3.3 6.3 6.0 3.1 

DEPTH- .5 1.0 1.4 2.1 1.9 .8 .6 1.8 .8 1.5 1.4 1.1 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No. 1 A  

M a r c h  3, 1995 
S e c t i o n  4.5, Page A6 



STA- 10094. 10103. 10148. 10212. 
PER Q- 3.5 6.1 3.7 

AREA- 13.1 34.3 28.3 
VEL- 3.5 2.3 1.7 

DEPTH- 1.5 . 8 .4 

CCHV- ,100 CEHV- .300 
*SECNO 2.494 
3280 CROSS SECTION 2.49 EXTENDED .65 FEET 

7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9902.7 10130.0 TYPE- 1 TARGET= -9902.700 
2.494 3.35 1800.85 1800.85 .OO 1801.49 .64 7.39 .07 1799.50 
1310.0 76.5 657.5 576.0 38.9 80.2 143.5 7 .O 7.3 1799.80 

.05 1.97 8.20 4.01 . 080 .035 .060 ,000 1797.50 9924.47 
.016002 445. 480. 425. 15 11 0 .OO 205.53 10130.00 

FLOW D I S T R I B U T I O N  FOR SECNO- 2.49 CWSEL- 1800.85 

STA- 9924. 9961. 9977, 10019. 10036. 10062. 10072. 10080. 10097. 10123. 10130. 
PER Q- 3.5 2.4 50.2 4.4 6.0 7.8 9.5 8.5 6.7 1.0 

AREA- 24.8 14.1 80.2 17.8 25.5 19.7 21.3 26.5 27.1 5.5 
VEL- 1.8 2.2 8.2 3.2 3.1 5.2 5.9 4.2 3.2 2.4 

DEPTH- .7 .9 1.9 1.0 1.0 2.1 2.6 1.5 1.0 .7 

PAGE 17 

T H I S  RUN EXECUTED 19AUG94 10:39:22 
**.**l*.***l***t****~~*"**"*"*"*"*"** 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; M a y  1991 
X*t****~****l**.***"~*~"*".""L"L***"* 

NOTE- ASTERISK (') AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUMMARY OF ERRORS L I S T  

WASH A 

SUMMARY PRINTOUl  . SECNO E L M I N  CWSEL Q VCH DIFWSX TOPWID DEPTH SSTA ENDST 

2.297 1771.60 1773.91 600.00 4.99 .OO 240.30 2.31 9943.69 10234.94 
2.297 1771.60 1773.94 700.00 5.62 .OO 254.81 2.34 9942.79 10235.85 
2.297 1771.60 1774.10 900.00 6.25 .OO 290.91 2.50 9939.05 10239.68 
2.297 1771.60 1774.32 1200.00 6.76 .OO 311.95 2.72 9933.47 10245.43 
2.297 1771.60 1774.36 1310.00 7.14 .OO 313.88 2.76 9932.52 10246.41 

QLOB QROB ELTRD 

PAGE 38 

SUMMARY OF ERRORS AND S P E C I A L  NOTES 

CAUTION SECNO- 2.297 PROFILE- 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 2.297 PROFILE-  2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2.297 PROFILE-  3 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2.297 PROFILE- 4 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2.297 PROFILE= 5 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO- 2.403 PROFILE- 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 2.403 PROFILE- 1 MINIMUM S P E C I F I C  ENERGY 

7.403  PROFILF-  2 C R I T I C A L  DEPTH ASSUMED . ... - ~- 
PROFI  LE= 
PROFI  LE- 
PROFILE-  
PROFILE= 
PROFI  LE= 
PROFI LE- 
PROFILE- 

CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO= 

CAUTION SECNO- 2.494 PROFILE- 1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2.494 PROFILE= 1 M I N I M U M  S P E C I F I C  ENERGY 
CAUTION SECNO- 2.494 PROFILE-  2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO= 2.494 PROFILE- 2 MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO= 2.494 PROFILE= 3 C R I T I C A L  DEPTH ASSUMED 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  N o .  1A 

M a r c h  3, 1995 
S e c t i o n  4. 5. P a g e  A7 



CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO- 

R i o  Verde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P rob lem No. 1 A  

March 3 ,  1995 
S e c t i o n  4 . 5 ,  Page A 8  



]*.** '...*************'***""%%**"*'**.** 
* HEC-2 WATER SURFACE PROFILES 

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

* RUN DATE 19AUG94 TIME 10:39:40 **....** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X 
XXXXXXX 
X X 
X X 
X X 

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

V e r s i o n  4.6.2; May 1 9 9 1  
***t*.r*~*******"****"""**"******X** 

XXXXXXX 
X 
X 
XXXX 
X 
X 
XXXXXXX 

XXXXX 
X X 
X 
X 
X 
X X 

XXXXX 

XXXXX 

U.S. ARMY CORPS OF ENGINEERS 
" HYDROLOGIC ENGINEERING CENTER : 
* 609  SECOND STREET, SUITE D 

DAVIS, CALIFORNIA 95616-4687 
(916) 756-1104 ........................................ 

XXXXX 
X X 

X 
XXXXX 

X 
X 
XXXXXXX 
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THIS RUN EXECUTED 19AUG94 10:39:40 

T 1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3  WASH A L. CULLER - (602)244-8100  
1 4  JOB 15183 PR15183\ETC WASHA\SP2A(l).RAT RUN 1 
T5 RATING CURVE FOR SPLIT SLOW AT SMALL WASH NEAR SECTION 2.105 
T6 SPECIAL PROBLEM NO. 2A 

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

2 .a311  1750 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

1 -1 15  

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 

E 42  1 43  2 6  5 1 4 8 5 3  5 4  
15  40  

5 50  1 0 0  200  300 400 
.07 .07 .04  0 . 1  0 .3  

X I  0 .000  5 9995.0 10009.0 
GR 1748.5 9965.0 1748.0 9995.0 1747 .8  10000.0 1748 .0  10009.0 1748.6 10020 .0  
I 

19AUG94 10:39:40 PAGE 2 

SECNO DEPTH CWSEL CRIWS WSELK- EG HV H L OLOSS L-BANK ELEV 
Q QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB 8% VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

*PROF 1 

CCHV- . I 0 0  CEHV- .300 
*sE'cNO .000 
3280 CROSS SECTION .OO EXTENDED . 0 4  FEE1 

3720 CRITICAL DEPTH ASSUMED 
.OOO .74  1748.54 1748.54 1750 .00  1748 .72  .17 .OO .OO 1748.00 
50.0 11.5 3 5 . 1  3 . 4  8 . 7  9 .0  2.7 .O .O 1748.00 

.OO 1.32 3 . 9 1  1 . 2 6  .070 .040  .070  .OOO 1747.80 9965.00 
.020111 0.  0 .  0.  0 1 8  0 .OO 53 .91  10018.91 

FLOW DISTRIBUTION FOR SECNO- .OO CWSEL= 1748 .54  

STA- 9965. 9995.  10009. 10019.  
PERQ-  23.0 7 0 . 2  6 .7  

AREA- 8 . 7  9 . 0  2 . 7  
VEL- 1.3 3 .9  1 . 3  

DEPTH- . 3  . 6  . 3  

T 1  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L.  CULLER - (602)244-8100  
T 4 JOB 15183 PR15183\ETC\WASHA\SP14A.RAT RUN I 
T 5 RATING CURVE FOR SPLIT FLOW AT SMALL WASH NEAR SECTION 2.105 
T6 SPECIAL PROBLEM 1 4  

PAGE 3 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No. 2A 

March  3, 1995 
S e c t i o n  4 .5 ,  Page 8 1  



J 1  ICHECK I N 4  NINV I D I R  STRT METRIC HVINS Q 

3 ,0311 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN 

2 

ALLDC IBW 

- 1 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L 
QLOB QROB ALOB ACH AROB VOL 

TIME VLOB $ VROB XNL XNCH XNR WTN 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR 

'PROF 2 

CCHV- . I 0 0  CEHV- ,300 
*SECNO .000 
3280 CROSS SECTION .OO EXTENDED . 2 5  FEET 

3720 CRITICAL DEPT 3720 CRITICAL DEPTH ASSUMED 
.DO0 .95 1748.75 1748.75 1750.00 1749.02 .27 .OO 

100.0 30.3 60 .5  9 .3  14.9 11.9 4.9 .O 
.OO 2 . 0 3  5.10 1 . 8 9  .070 .040 .070 .OOO 

.023548 0. 0. 0 .  0 1 8  0 . 0 0  

FLOW DISTRIBUTION FOR SECNO- .OO CWSEL- 1748.75 

STA- 9965. 9995. 10009.  10020. 
PER Q- 30.3 60.5 9 . 3  

AREA- 14.9 11.9 4 . 9  
VEL- 2 .0  5 . 1  1.9 

T 1  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2  RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC WASHA\SPl4A.RAT RUN I 
T5 RATING CURVE FOR SPLIT >LOW AT SMALL WASH NEAR SECTION 2.105 
T6 SPECIAL PROBLEM 1 4  

J1 ICHECK I N 9  NINV I D I R  STRT METRIC HVINS Q 

4 .0311  

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L 
QLOB QCH QROB ALOE ACH AROB VOL 

TIME vLoB vcH vRoB xNL xNcH xNR wTN 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR 

CCHV- . I 0 0  CEHV- ,300 
*SECNO .000  
3280 CROSS SECTION .OO EXTENDED .56 FEET 

FLOW DISTRIBUTION FOR SECNO- .OO CWSELE 1749.06 

STA- 9965.  9995.  10009.  10020 .  
PER Q- 3 5 . 4  53 .1  1 1 . 5  

AREA- 24 .4  16.3 8 . 4  
VEL- 2 . 9  6.5 2 . 7  

DEPTH- . 8  1.2 . 8  

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIP1 
WASH A L. CULLER - (602)244-8100 
JOB 15183 PR15183\ETC\WASHA\SP14A.RAT RUN I 
RATING CURVE FOR SPLIT FLOW AT SMALL WASH NEAR SECTION 2.105 
SPECIAL PROBLEM 1 4  

INC. 

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  
S p e c i a l  P r o b l e m  No. ZA 

March 3,  1995 

WSEL FQ 

1750 

CHNIM ITRACE 

1 5  

PAGE 4 

OLOSS L-BANK ELEV 
TWA R-BANK ELEV 
ELMIN SSTA 
TOPWID ENDST 

PAGE 5 

WSEL FQ 

1750  

CHNIM ITRACE 

15  

PAGE 6 

OLOSS L-BANK ELEV 
TWA R-BANK ELEV 
ELMIN SSTA 
TOPWID ENDST 

PAGE 7 

WSEL FQ 

S t u d y  
S e c t i o n  4.5. Page 82 



52 NPROF IPLOT PRFVS XSECV 

-1 

SECNO DEPTH CWSEL CRIWS 
QLOB QCH QROB 

?,ME VLOB VCH VROB 
SLOPE XLOBL XLCH X LOB R 

.0311 

XSECH . FN ALLDC IBW 

1750 

CHNIM ITRACE 

15 

PAGE 8 

WSELK EG HV H L 
ALOB ACH AROB VOL 
XNL XNCH XNR WTN 
I T R I A L  I D C  ICONT CORAR 

OLOSS L-BANK ELEV 
TWA R-BANK ELEV 
ELMIN SSTA 
TOPWID ENDST 

CCHV- ,100 CEHV- .300 
*SECNO .000 
3280 CROSS SECTION .OO EXTENDED 

3720 C R I T I C A L  DEPTH ASSUMED 
.OOO 1.51 1749.31 1749.31 

300.0 112.5 150.4 37.1 
.OO 3.54 7.62 3.34 

FLOW D I S T R I B U T I O N  FOR SECNO- .OO 

STA- 9965. 9995. 10009. 10020. 
PER Q- 37.5 50.1 12.4 

AREA- 31.8 19.7 11.1 
VEL- 3.5 7.6 3.3 

DEPTH- 1.1 1.4 1.0 

.81 FEET 

CWSEL- 1749.31 

WKH n - -  L. CULLER - i602)244-81( 
FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY - CONTRACT 93-06 
R I O  VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & N I P 1  
. . . . - . . . . )O 
JOB 15183 PR15183\ETC WASHA\SPI~A.RAT ' RUN I 
RATING CURVE FOR S P L I T  $LOW AT SMALL WASH NEAR SECTION 2.105 
SPECIAL PROBLEM 14 

I N C .  

51 ICHECK I N Q  N I N V  I D I R  STRT METRIC H V I N S  Q 

6 .0311 

J2 NPROF I P L O T  PRFVS XSECV XSECH FN ALLDC IBW 

- 1 

WSEL FQ 

1750 

CHNIM ITRACE 

15 

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

QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

?,ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 

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

CCHV- .I00 CEHV- .300 
*SECNO .000 
3280 CROSS SECTION .OO EXTENDED 1.04 FEET 

PAGE 9 

PAGE 10 

FLOW D I S T R I B U T I O N  FOR SECNO= .OO CWSEL= 1749.54 

STA- 9965. 9995. 10009. 10020. 
PER Q= 38.8 48.4 12.9 

AREA= 38.6 22.9 13.6 
VEL- 4.0 8.4 3.8 

DEPTH- 1.3 1.6 1.2 

* * * * * X * X I * * * * X I " * * * " ~ ~ * * * ~ * * ~ ~ * * ~ * * " *  

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1991 
* * * * . * * * * * * * * * X * * * * - * " " " ~ " * " * " " " * ~ * " *  

a F i l e  = S P Z A ( l ) . O H Z  

PAGE 11 

T H I S  RUN EXECUTED 19AVG94 10:39:41 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No.  2A 

M a r c h  3, 1995 
S e c t i o n  4 . 5 ,  P a g e  83 



NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER INDICATES MESSAGE I N  SUMMARY OF ERRORS L I S T  

WASH A 

SUMMARY PRINTOUT 

SECNO ELMIN CWSEL 0 VCH DIFWSX TOPWID DEPTH SSTA ENDST QLOB QROB ELTRD 

PAGE 12 

SUMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO- .000  PROFILE= 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 0 0 0  PROFILE- 2 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .000 PROFILE- 3 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 0 0 0  PROFILE- 4 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- ,000  PROFILE- 5 CRIT ICAL  DEPTH ASSUMED 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
. S p e c i a l  P r o b l e m  No.  E A  

M a r c h  3 ,  1995  
S e c t i o n  4 . 5 ,  Page 8 4  



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

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

RUN DATE 19AUG94 TIME 10:39:56 
~"*****l****tt**"******"ttt**ffff**f***"""** 

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

* 609  SECOND STREET, SUITE D 
* DAVIS, CALIFORNIA 95616-4687 

(916) 756-1104  
*******.**"*********"**ttt**~***II*"*** 

PAGE I 

THIS RUN EXECUTED 19AUG94 10:39:56 
.t*******."***"l***"ttt*****t*t**~*"" 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1 9 9 1  
* * . t X * * * * * * " * * * * * * * " " f * * * * " * " ~ * * * * *  

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06  
RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
WASH A L .  CULLER - (602)244-8100 
JOB 15183 PR15183\ETC\WASHA SP2A(2).RAT RUN 1 
RATING CURVE FOR SECTION 2 . 1 0 1  
SPECIAL PROBLEM NO. 2A 

J l  ICHECK INQ NINV I O I R  STRT METRIC HVINS 9 WSEL FQ 

2 -1 1712 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

I - 1 1 5  

VARIABLE 

3 8  
1 3  

5 

7 
9958.2 

1.887 
1723.7 
1720.1 
1721.4 
1722.3 
1721.0 
1722.6 
1721.7 
1721.8 

CODES FOR 

42 
15 

600  

.07 
,035  

3 9  
9561.7 
9657.0 
9692.3 
9810.3 
9876.3 
9958.2 

10039.0 
10103.3 

SUMMARY PRINl  

1 
40  

6 5 0  

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
9 QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WIN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

PAGE 2 

PAGE 3 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
S p e c i a l  P rob lem No. 2A 

March 3 ,  1995 
S e c t i o n  4.5, Page C1 



CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
*SECNO 1.887 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
1 .887 2.23 1722.03 1722.03 1712.00 1722.33 .30 $ 0 0  .OO 1722.60 
600.0 396.7 191.0 12.3 84.3 50.3 9.8 .O .O 1722.00 

.OO 4.70 3.80 1.25 .044 .035 .070 .OOO 1719.80 9645.49 
.020522 415. 428. 400. 0 3 1  0 .OD 284.54 10120.29 

FLOW DISTRIBUTION FOR SECNO- 1 .89  CWSEL= 1722.03 

STA- 9645. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9876. 9883. 9886. 10070. 10120. 
PER Q- 6.0 16.9 7.0 10.0 9 .2  3.0 4.5 3.8 5.0 .7 31 .8  2 .0  

AREA- 6.6 11.7 6.5 9 . 1  8.9 8.5 12.1 13.6 5.9 1.4 50.3 9.8 

VEL- 5 .5  8.7 6 .5  6.6 6.2 2.1 2.2 1 .7  5 . 1  2.9 3.8 1.2 
DEPTH- 1.1 2.1  1.4 1.4 1.3 .6 .6  .1 .9  .4  .5 . 2  

1490 NH CARD USED 
*SECNO 1.983 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1.983 2.76 1734.56 1734.56 .OO 1734.99 .42 9.37 .04 1734.20 
600.0 292.5 288.2 19.3 87.2 42.8 13.4 1.7 2.9 1734.10 

.03  3.35 6.73 1.45 .051 ,035 .070 .OOO 1731.80 9811.67 
.016112 525. 507. 505. 15 11 0 .OO 204.47 10066.14 

FLOW DISTRIBUTION FOR SECNO- 1.98 CWSEL= 1734.56 

STA- 9812. 9828. 9863. 9884. 9890. 9895. 9910. 9988. 10019. 10066. 
PER 9- 4.1  5.6 5.1 11.5 12.3 4.4 5.7 48.0 3.2 
AREA- 10 .7  17.4 12 .4  10 .6  10.5 8.3 17.3 42 .8  13.4 

VEL- 2 . 3  1.9 2.5 6 .5  7 .0  3.2 2.0 6 . 7  1.4 
DEPTH- .6  .5 .6 1.7 1.9 .6 .2 1.4 .3  

1 
19AUG94 10:39:56 PAGE 4 

SECNO DEPTH CWSEL 
Q QLOB 
TIME v LOB 9EH" 
SLOPE XLOBL XLCH 

CCHV- . I 0 0  CEHV- .300 
*SECNO 2.105 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.105 2.47 1749.47 
600.0 51.4 378.1 

.07 1.37 5.45 
.017142 675. 644. 

CRIWS 
QROB 
VROB 
XLOBR 

1749.47 
170.5 
2 .04  
655. 

WSELK 
ALOB 
XNL 
ITRIAL 

.oo 
37.5 
.080 

1 1  

EG 
ACH 
XNCH 
IDC 

1749.78 
69.4 
.035 

9 

HV 
AROB 
XNR 
1 CONT 

. 3 1  
83.5 
.070 

0 

H L 
VOL 
WTN 
CORAR 

10.88 
4.2 . 000 
.oo 

OLOSS 
TWA 
ELMIN 
TOPWID 

. 0 1  
6.8 

1747.00 
310.79 

L-BANK ELEV 
R-BANK ELEV 
SST A 
ENDST 

FLOW DISTRIBUTION FOR SECNO- 2.11 CWSEL- 1749.47 

STA- 9898. 9944. 9990. 10061. 10079. 10091. 10098. 10136. 10159. 10195. 10209. 
PER 9- 4.8 3.8 63 .0  4 . 2  6.7 3 . 1  4.7 3 .6  3.9 2.2 
AREA- 20.0 17.5 69.4 11.9 13.5 6.9 17.1 12.0 14.8 7.2 

VEL- 1 .4  1.3 5.4 2.1 3.0 2.7 1 .6  1.8 1.6 1.8 
DEPTH- .4 .4 1.0 .7 1 . 1  1.0 .5  .5 .4  . 5  

T1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
73  WASH A L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC\WASHA\SP3A(2).RAT RUN 1 
T 5 SPECIAL PROBLEM NO. 3A 

J 1  ICHECK INQ NINV IDIR STRT METRIC HVINS Q WSEL FQ 

3 -1  1712 

52 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

2 - 1  15 

PAGE 5 

1 
19AUG94 10:39:56 PAGE 6 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB 8 "ROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWIO ENDST 

Rio  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study  
S p e c i a l  Problem No. 2A 

March 3, 1995 
S e c t i o n  4.5, Page C2 



'PROF 2 
0 

CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
"SECNO 1.887 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
1.887 2.29 1722.09 1722.09 1712.00 1722.37 .29 . O O  .OO 1722.60 
650.0 417.2 217.0 15.8 91.7 55.5 11.9 .O .O 1722.00 

.OO 4.55 3.91 1.33 .045 .035 .070 .OOO 1719.80 9645.36 
,019313 415. 428. 400. 0 3 1  0 .OO 292.17 10120.91 

FLOW DISTRIBUTION FOR SECNO- 1 .89  CWSEL= 1722.09 

STA- 9645. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9876. 9883. 9886. 10070. 10121. 
5.7 15.7 6 .7  9 . 5  8 .8  3.1 4.6 4.5 4.9 .7 33.4 2.4 
6.9 12.0 AREA- 6 . 7  9.5 9 . 2  9.3 13.0 17.3 6.2 1.6 55.5 11.9 

VEL- 5.4 8 . 6  6 .5  6.5 6 . 2  2.2 2.3 1.7 5.1 2.9 3.9 1.3 
DEPTH- 1 . 1  2 .1  1 . 4  1 .4  1 .3  .6 .7 .I 1.0 .4 .5 .2 

1490 NH CARD USED 
'SECNO 1.983 

3265 DIVIDED FLOW 

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

1.983 2.83 1734.63 1734.63 .OO 1735.05 .42 8.87 .04 1734.20 
650.0 321.7 304.3 24.1 96.4 44.9 16.6 1 .9  3.0 1734.10 

.03 3.34 6.77 1.45 .051 .035 .070 .OOO 1731.80 9810.83 
.015335 525. 507. 505. 20 11 0 .OO 218.12 10070.12 

FLOW DISTRIBUTION FOR SECNO- 1.98 CWSEL= 1734.63 

STA- 9811. 9828. 9863. 9884. 9890. 9895. 9910. 9988. 10019. 10070. 
PER Q- 4.2 5.9 5 . 5  11.1 11.8 4.8 6 .2  46.8 3.7 
AREA- 11.9 19.6 1 3 . 8  11.0 10.9 9.3 19.9 44.9 16.6 

VEL- 2.3 2.0 2 . 6  6.5 7.0 3.4 2 .0  6.8 1.5 
DEPTH- .7 .6 .7  1 .8  2.0 .6  . 3  1.5 .3 

PAGE 7 

SECNO OEPTH CWSEL 
QLOB 

TIME vLoB 95; 
SLOPE XLOBL XLCH 

CCHV- . I 0 0  CEHV- .300 
"SECNO 2.105 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.105 2 .51  1749.51 
650.0 59.6 401.7 

.07 1.44 5.54 
.016721 675. 644. 

CRIWS 
QROB 
VROB 
XLOBR 

1749.51 
188.6 

2.10 
655. 

WSELK 
ALOB 
XNL 
ITRIAL 

. 00 
41.5 
.080 

1 1  

EG 
ACH 
XNCH 
IDC 

1749.83 
72.5 
.035 

9 

HV 
AROB 
XNR 
ICONT 

.32 
90.0 
.070 

0 

H L 
VOL 
WTN 
CORAR 

10.48 
4.6 

.ooo 
.oo 

OLOSS 
TWA 
ELMIN 
TOPWIO 

.01 
7 .1  

1747.00 
312.71 

FLOW DISTRIBUTION FOR SECNO- 2.11 CWSEL- 1749.51 

STA- 9897. 9944. 9990. 10061. 10079. 10091. 10098. 10136. 10159. 10195. 10209. 
PER Q- 5 . 1  4 .1  61.8 4.3 6.5 3 . 1  5 . 0  3.7 4.2 2.2 
AREA- 22.0 19.5 72.5 12.7 14.0 7.3 18.8 13.0 16.4 7 .8  

V F I  - 1 5  1.1 5.5 2 . 2  3.0 2.8 1.7 1.9 1.7 1.9 .-- -.- -. 
DEPTH- .5 . 4  i . 0  .7 1.2 1 . 0  . 5  .6 .5  - 6  

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
72 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183\ETC\WASHA\SP3A(2) .RAT RUN 1 
T5 SPECIAL PROBLEM NO. 3A 

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

4 - 1 1712 

J2NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

3 - 1 15 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

R i o  Verde N o r t h  F l o o d p l a i n  D e l l n e a t i o n  Study 
S p e c i a l  Problem No. 2A 

March 3. 1995 

L-BANK ELEV 
R-BANK ELEV 
SSTA 
ENDST 

PAGE 8 

PAGE 9 

S e c t i o n  4.5.  Page C3 



CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO 1.887 

3265 DIV IDED FLOW 

3720 CRIT ICAL  DEPTH ASSUMED 
1.887 2.47 1722.27 1722.27 1712.00 1722.55 .28 . O O  . O O  1722.60 
900.0 534.5 332.7 32.8 126.7 74.3 20.0 . O  . O  1722.00 

.OO 4.22 4.48 1.64 .046 .035 .070 .OOO 1719.80 9644.88 
.017876 415. 428. 400. 0 34 0 . O O  392.59 10123.12 

FLOW DISTRIBUTION FOR SECNO- 1.89 CWSELo 1722.27 

STA- 9645. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9846. 9876. 9883. 9944. 10070. 
4.9 12.5 5.7 8.0 7.5 3.3 4.7 3.5 3 .6  4.5 1.2 37.0 

PER AREA- Q- 8.0 13.0 7.6 10.7 10.5 11.9 16.5 21.2 12.3 7 .3  7.7 74.3 
VEL- 5.5 8.7 6.7 6.8 6.5 2.5 2.6 1.5 2.6 5 . 5  1 .4  4.5 

DEPTH- 1.2 2.3 1.6 1.6 1 .5  . 8  .9 .2  .4 1 .2  .1  .7 

STA- 10070. 10116. 10123. 
PER Q= 3.4 .3  

AREA- 18.1 2.0 
VEL- 1.7 1.2 

DEPTH- .4 .3  

1490 NH CARD USED 
"SECNO 1.983 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

1.983 3.05 1734.85 1734.85 .OO 1735.33 .48 8.61 .06 1734.20 
900.0 462.6 385.9 51.5 128.4 51.6 29.0 2 .6  3 . 8  1734.10 

.03 3.60 7.48 1.78 .053 .035 .070 .DO0 1731.80 9808.14 
.015559 525. 507. 505. 15 11 0 . O O  243.97 10080.59 

PAGE 10 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L  OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME vLoB  vcH  vRoB xNL xNcH xNR wTN ELMIN SSTA 
SLOPE XLDBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST - - 

FLOW DISTRIBUTION FOR SECNO- 1.98 CWSEL= 1734.85 

STA- 9808. 9828. 9851. 9863. 9884. 9890. 9895. 9910. 9975. 9988. 10019. 10045. 10081. @ PER Q- 4.5 3.6 3 .4  6.5 9.8 10.2 5.7 3 .8  3.8 42.9 3 . 8  1.9 
AREA- 15.9 15.4 11.7 18.4 12.4 12.1 12.5 16.9 13.1 51.6 16.9 12.1 

VEL- 2.6 2.1 2.6 3.2 7.1 7.6 4.1 2.0 2.6 7.5 2 . 1  1.4 
DEPTH- . 8  .7 1 .0  .9 2.0 2.2 . 8  . 3  1 .0  1 .7  .6 . 3  

CCHV- .I00 CEHV- .300 
"SECNO 2.105 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

2.105 2.67 1749.67 
900.0 99.7 522.6 

.07 1.76 6.24 

FLOW DISTRIBUTION FOR SECNO- 2.11 CWSEL- 1749.67 

STA- 9892. 9944. 9990. 10061. 10079. 10091. 10107. 10136. 10159. 10190. 10209. 10213 
PER Q- 6.0 5.1 58.1 4.4 6 .0  4.1 4.6 4.2 3 .8  3 . 8  . O  

AREA- 29.9 26.7 83.8 15.5 15.9 13.9 19.3 16.7 17.6 14.6 . 3  
VEL- 1.8 1.7 6 . 2  2.6 3.4 2.7 2.1 2.3 1.9 2.3 . 5  

DEPTH- . 6  .6 1 .2  .9 1 .3  .9  .7 .7 .6 . 8  . 1  

1 
19AUG94 10:39:56 PAGE 11 

T 1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
12 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE,  INC. 
13 WASH A L. CULLER - (602)244-8100 
1 4  JOB 15183 PR15183\ETC\WASHA\SP3A(2) .RAT RUN 1 
1 5  SPECIAL PROBLEM NO. 3 A  

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

5 - 1 1712 

J2 NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

4 - 1 15 

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

PAGE 12 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No. 2 A  

M a r c h  3 ,  1995 
S e c t i o n  4.5, Page C 4  



QLOB QROB ALOB ACH AROB VOL TWA R-BANK €LEV 
?,ME V LOB !% VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

*PROF 4 

CCHV- ,100 CEHV- ,300 
1490 NH CARD USED 
*SECNO 1.887 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
1.887 2.60 1722.40 1722.40 1712.00 1722.72 .32 . 00 .OO 1722.60 

1200.0 689.8 457.8 52.4 162.4 88.7 27.0 .O .O 1722.00 
.OO 4.25 5.16 1.94 .048 .035 .070 .OOO 1719.80 9644.53 

.019363 415. 428. 400. 0 20 0 .OO 467.79 10124.75 

FLOW DISTRIBUTION FOR SECNO- 1.89 CWSEL- 1722.40 

STA- 9645. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9832. 9872. 9883. 9949. 10070. 
4.4 10.7 5 . 1  7.2 6.8 3.3 4.7 3.7 3.7 5.9 2.2 38.2 

PER AREA- Q- 8 . 9  13.7 8 . 2  11.5 11.4 13.9 19.1 27.8 19.5 12 .1  16.3 88.7 
VEL- 5.9 9.4 7 . 4  7 . 4  7 . 1  2.9 2.9 1.6 2.3 5.8 1.6 5.2 

DEPTH- 1 .3  2 .4  1 .7  1 .7  1.6 .9 1 .0  .2 .5 1.2 .2 . 8  

STA- 10070. 10116. 10125. 
PER Q- 4.0 .4  
AREA- 24.0 3.0 

VEL- 2.0 1 .5  
DEPTH- .5 .3  

1490 NH CARD USED 
+SECNO 1.983 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1.983 3.28 1735.08 1735.08 .OO. 1735.60 .52 8.77 .06 1734.20 

1200.0 635.1 470.7 94.3 165.4 58.7 44.7 3.2 4.4 1734.10 
.03 3.84 8.01 2 . 1 1  .054 .035 ,070 .OOO 1731.80 9803.67 

.015006 525. 507. 505. 19 11 0 .OO 272.59 10090.69 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME v LOB vRoB xNL xNcH xNR WTN ELMIN SSTA 

SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- 1.98 CWSEL- 1735.08 

PAGE 13 

STA- 9804. 9828. 9851. 9863. 9874. 9884. 9890. 9895. 9910. 9975. 9988. 10019. 10041. 
PER 9- 4.9 4.3 3.6 3 . 1  4.1 8.7 8 . 9  6.4 5.0 4.0 39.2 3.5 
AREA- 21.1 20.7 1 4 . 4  13 .1  10.2 13.8 13.4 15.9 26.5 16.2 58.7 18.5 

VEL- 2.8 2.5 3.0 2 .8  4.8 7.5 8 . 0  4.8 2.3 3.0 8 .0  2.3 
DEPTH- .9 .9 1.2 1.1 1.1 2.2 2 .4  1.1 .4 1.2 1 . 9  .8  

STA- 10041. 10074. 10091. 
PER Q- 4 . 1  .2 
AREA- 23.1 3.2 

VEL- 2 . 1  .9 
DEPTH= .7  . 2  

CCHV- . I 0 0  CEHV- .300 
GECNO 2.105 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.105 2.82 1749.82 1749.82 .OO 1750.29 .47 10.96 .OO 1748.90 

1200.0 151.2 662.9 385.9 72.2 94.7 137.6 7 .6  9.0 1749.10 

.06 2.09 7.00 2 . 8 1  .080 .035 .070 .OOO 1747 .OO 9886.39 
.018691 675. 644. 655. 13 9 0 . O O  329.61 10216.00 

FLOW DISTRIBUTION FOR SECNO- 2.11 CWSEL= 1749.82 

STA- 9886. 9944. 9971. 9990. 10061. 10079. 10091. 10107. 10136. 10159. 10190. 10209. 10216. 
PER Q- 6.7 3.3 2 . 5  55.2 4.5 5.6 4 .2  5 .0  4.5 4.4 4.0 .1 
AREA= 38.4 19.6 14 .2  94.7 18.3 17.8 16.4 23.7 20.3 22.4 17.5 1.1 

VEL- 2.1 2.0 2 . 1  7.0 2.9 3 . 8  3 .0  2.5 2.6 2.3 2.7 .9 
DEPTH= .7 .7 . 8  1 .3  1 .O 1.5 1 .0  . 8  .9 .7  . 9  .2 

1 
19AUG94 10:39:56 PAGE 14 

T1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100 
T 4 JOB 15183 PR15183\ETC\WASHA\SP3A(2) .RAT RUN 1 
T5 SPECIAL PROBLEM NO. 3A 

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
S p e c i a l  Problem No. 2A 

March 3 ,  1995 
S e c t i o n  4.5,  Page C5 



5 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

-1 15 

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

Q QLOB QCH QROD ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME V LOB VCH VROD XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLODR ITRIAL  IDC ICONT CORAR TOPWID ENDST 

"PROF 5 
0 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
"SECNO 1.887 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 
1.887 2.62 1722.42 1722.42 1712.00 1722.78 .36 . 00 . O O  1722.60 

1310.0 750.5 500.9 58.6 168.1 90.7 28.0 . O  . O  1722.00 
. O O  4.46 5.52 2.09 ,048 .035 .070 .OOO 1719.80 9644.48 

.021585 415. 428. 400. 0 20 0 .OO 469.29 10124.98 

FLOW DISTRIBUTION FOR SECNO- 1.89 CWSEL= 1722.42 

PAGE 15 

STA- 9644. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9785. 9872. 9883. 9950. 10070 
4.3 10.5 5 . 0  7.0 6.7 3.3 4.7 3 . 1  4.6 5.8 2.3 38.2 

PER AREA- " 9.1 13.8 8 .3  11.7 11.5 14.1 19.4 21.5 28.9 12.3 17.6 90.7 
VEL- 6.2 10.0 7.8 7.9 7.6 3.1 3.1 1.9 2.1 6.2 1.7 5 .5  

DEPTH- 1 .3  2 .5  1 . 8  1.8 1 . 7  1.0 1.0 .3  .3  1.2 . 3  . 8  

STA- 10070. 10116. 10125. 
PER Q- 4.1 .4 

AREA- 24.8 3.2 
VEL- 2.2 1.6 

DEPTH- .5 .4  

1490 NH CARD USED 
*SECNO 1.983 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1.983 3.36 1735.16 1735.16 . O O  1735.69 .53 9.13 .05 1734.20 
1310.0 699.1 499.3 111.6 179.7 61.2 50.7 3.4 4.5 1734.10 

-03 3.89 8.16 2.20 .054 .035 .070 .OOO 1731.80 9801.97 
.014717 525. 507. 505. 11 11 0 .OO 287.82 10094.18 

PAGE 16 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME v LOB vRoB xNL xNcn xNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- 1.98 CWSEL- 1735.16 

STA- 9802. 9828. 9851. 9863. 9874. 9884. 9890. 9895. 9910. 9975. 9988. 10019. 10041. 
PER Q- 5.0 4.4 3 .6  3.2 4 2 8 . 3  8 .5  6.5 5.5 4.1 38 .1  3.8 

AREA- 23.2 22.5 15.4 14.1 1019 14.4 13.8 17.1 31.0 17.2 61.2 20.4 
VEL- 2.8 2.6 3 . 1  2.9 5.0 7.6 8 . 1  5.0 2 .3  3.1 8 . 2  2.4 

DEPTH- .9 1 .0  1 .3  1 .2  1.2 2.3 2 .5  1 . 2  .5 1 .3  2 .0  .9 

STA- 10041. 10074. 10094. 
PER Q- 4.4 . 3  

AREA- 25.7 4.6 
VEL- 2 .2  1.0 

DEPTH- . 8  .2 

CCHV- .I00 CEHV- .300 
*SECNO 2.105 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.105 2.88 1749.88 1749.88 . O O  1750.37 .49 10.88 . O O  1748.90 
1310.0 171.3 712.3 426.5 78.0 98.7 146.3 8 . 1  9.2 1749.10 

.06 2.19 7.21 2.91 ,080 .035 .070 .OOO 1747.00 9884.46 
.018810 675. 644. 655. 14 9 0 . O O  332.73 10217.19 

FLOW DISTRIBUTION FOR SECNO- 2.11 CWSEL= 1749.88 

STA= 9884. 9944. 9971. 9990. 10061. 10079. 10091. 10107. 10136. 10159. 10190. 10209. 10217. 
PER Q- 7.0 3.5 2.6 54.4 4.5 5 .5  4.2 5.2 4.6 4.5 4.0 .1  

AREA- 41.7 21.1 15.2 98.7 19.3 18.5 17.3 25.4 21.6 24.1 18.6 1.5 

VEL- 2.2 2.2 2.2 7.2 3 . 1  3.9 3 .2  2.7 2.8 2 .5  2 . 8  1.0 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No. 2 A  

March  3, 1995 
S e c t i o n  4.5. Page C6 



OEPTH- . 7  .B .8 1 .4  1.1 1.5 1 . 1  .9 .9 .a 1.0 . z  

PAGE 1 7  

T H I S  RUN EXECUTED 19AUG94 1 0 : 4 0 : 0 0  
..................................... 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4 .6 .2 ;  M a y  1 9 9 1  
* * * * " " t * * * * * * . * l * * * " * " " * X X X * " * " " " " ~ * *  

NOTE- ASTERISK ( * )  AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUI4MARY OF ERRORS L I S T  

WASH A 

SUMMARY PRINTOUT 

SECNO E L M I N  CWSEL Q VCH. DIFWSX TOPWID DEPTH SSTA ENDST QLOB QROB 

1 
19AUG94 1 0 : 3 9 : 5 6  

PAGE 18 

SUMMARY OF ERRORS AND S P E C I A L  NOTES 

CAUTION SECNO- 1 . 8 8 7  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 1 . 8 8 7  PROFILE-  2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 1 . 8 8 7  PROFILE-  3 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 1 . 8 8 7  PROFILE-  4 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- 1 . 8 8 7  PROFILE-  5 C R I T I C A L  DEPTH ASSUMED 

ELTRD 

CAUTION SECNO- 
CAUTION SECNO- 
CALITION SECNO- 

CAUTION SECNO- 
CAUTION SECNO* 

CAUTION SECNO- 
CAUTION SECNO- 

PROFILE-  
PROFI  LE- 
PROFILE-  
PROFILE-  
PROFILE-  
PROFILE-  
PROFILE-  . . . . . . - - 
PROFI  LE= 
PROFILE-  
PROFILE-  
PROFILE-  

C R I T I C A L  DEPTH ASSUMED 
MINIMUM S P E C I F I C  ENERGY 
C R I T I C A L  DEPTH ASSUMED 
PROBABLE MINIMUM S P E C I F I C  
2 0  T R I A L S  ATTEMPTED TO BAl  
C R I T I C A L  DEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 
C R I T I C A L  DEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 

ENERGY 
.ANCE WSEL 

. 
CRI~ICAL-DEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 

PROFILE-  . . . . . . - - 
PROFILE-  
PROFILE-  
PROFILE-  
PROFI  LE- 
PROFILE-  
PROFILE-  
PROFILE-  
PROFI  LE- 
PROFILE-  

C R I T I C A L  OEPTH ASSUMED 
MINIMUM S P E C I F I C  ENERGY 
C R I T I C A L  DEPTH ASSUMED 
. . - . . - . . . . . - - - - - 

C R I T I C A L  OEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 
C R I T I C A L  DEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 
C R I T I C A L  OEPTH ASSUMED 
M I N I M U M  S P E C I F I C  ENERGY 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  N o .  2A 

M a r c h  3, 1995 
S e c t i o n  4.5,  P a g e  C 7  



~ * * f * * * * * f ~ * * * s * * * * a * a * a * * s * * * * a ~ " * * * * * * * * * * *  

* HEC-2 WATER SURFACE PROFILES 

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

* RUN DATE 19AUG94 TIME 10:40:20 * . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X X X  X X X 
X X XXXXXXX XXXXX XXXXXXX 

* U.S. ARMY CORPS OF ENGINEERS a 
" HYDROLOGIC ENGINEERING CENTER 
* 609  SECOND STREET. SUITE D 
* DAVIS, CALIFORNIA 95616-4687 

(916) 756-1104 ....................................... 

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

PAGE 1 

THIS RUN EXECUTED 19AUG94 10:40:20 
**t***l******.*****"***"**"""***""~*" 

HEC-2 WATER SURFACE PROFILES 

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

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
7 3  WASH AS L .  CULLER - (602)244-8100 
T4  JOB 15183 PR15183 ETC\WASHA\SPlAS.RAT RUN 1 
T5 RATING CURVE FOR BRiAKOUT FLOW AT CROSS SECTION 0 .512  
T6 SPECIAL PROBLEM NO. 1AS 

5 1  ICHECK I N 9  NINV I D l R  STRT METRIC HVINS Q WSE L FQ 

2 - 1 1629  

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

1 -1 15 

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 

1 
19AUG94 10:40:20 PAGE 2 

GR 1638 .9  10317.0 0 . 0  0 .0  0 . 0  0 . 0  0 .0  0 . 0  0 . 0  0 . 0  
1 

19AUG94 10 :40 :20  PAGE 3 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

?,ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- . I 0 0  CEHV- .300  
1490 NH CARD USED 
'SECNO . 4 1 1  

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P rob lem No. 1AS 

March  3.  1995 
S e c t i o n  4 .5 .  Page Dl 



3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9899.7 10049.0 TYPE- @ 4 1 1  
1 TARGET= -9899.700 

1.86 1628.66 1628.66 1629.00 1629.26 .60 . 00 .OO 1630.30 
250.0 3.0 247.0 .O 2.5 39.6 .O .O .O 1630.60 

.OO 1.19 6.24 .OO .040 .030 .OOO .OOO 1626.80 9904.92 
.010279 545. 544. 565. 0 10 0 .OO 42.82 10023.64 

FLOW DISTRIBUTION FOR SECNO- .41 CWSEL- 1628.66 

STAP 9905. 9914. 9920. 10025. 
.9 PERQ- .3 98.8 

AREA- .8  39.6 
VEL- 1.3 1.0 6.2 

DEPTH- .2 .1 1.4  

1490 NH CARD USED 
*SECNO .512 

3265 DIVIDED FLOW 

3280 CROSS SECTION .51 EXTENDED .23 FEET 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9989.3 10119.8 TYPEP 1 TARGET= 130.500 
,512 2.23 1639.13 1639.13 .OO 1639.85 .72 7.58 .04 1639.10 

250.0 . O  249.6 .4  .O 36.5 .5  .5 .4  1638.90 
.02 .03 6 .84  .68 .070 .040 .070 .OOO 1636.90 9995.13 

.021015 470. 533. 515. 4 1 1  0 .OO 32.04 10091.10 

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

Q QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME V LOB VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

PAGE 4 

FLOW DISTRIBUTION FOR SECNO- .51  CWSEL= 1639.13 

PAGE 5 

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
72 RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
73 WASH AS L. CULLER - (602)244-8100 
T4 JOB 15183 PR15183 ETC\WASHA\SP3OAS.RAT RUN I 
T5 RATING CURVE FOR BRiAK OUT FLOW AT CROSS SECTION 0.599 
76 SPECIAL PROBLEM 30 

J 1  ICHECK INQ NlNV 

3 

J2 NPROF IPLOT PRFVS 

2 -1 

SECNO DEPTH CWSEL 
QLOB 

?IME vLoB 9EI: 
SLOPE XLOBL XLCH 

"PROF 2 
0 

CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
*SECNO ,411 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 
.411 2.08 1628.88 

300.0 11.3 288.7 
.OO 1.78 6.30 

.009282 545. 544. 

FLOW DISTRIBUTION FOR SECNO- 

l D l R  STRT METRIC HVINS Q WSEL FQ 

-1 1629 

XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

15 

CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
VROB XNL XNCH XNR WTN ELMIN SSTA 
XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

. 4 1  CWSEL- 1628.88 

PAGE 6 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
S p e c i a l  Problem No. 1AS 

March 3, 1995 
S e c t i o n  4 .5 ,  Page 02 



STA- 9904. 9906. 9914. 9923. 9923. 10025. 
PER 9-  .I 2.3 1 . 4  . O  96.2 

AREA- .3 3.4 2.7 .O 45.8 
VEL- 1.2 2.0 1 .5  .O 6.3 

DEPTH- .2 .4 . 3  .O 1.5 

1490 NH CARD USED 
"SECNO .512 

3265 DIVIDED FLOW 

3280 CROSS SECTION . 5 1  EXTENDED .63 FEET 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9989.3 10119.8 TYPE- 1 TARGET- 130.500 
.512 2.63 1639.53 1639.53 .OO 1640.09 .56 5.66 .OO 1639.10 

300.0 .8 286.4 12.8 .9 46.5 13.0 .7 .8  1638.90 
.02 .84 6.16 .99 .070 .040 .070 .OOO 1636.90 9991.06 

.012358 470. 533. 515. 7 1 1  0 .OO 85.35 10108.67 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

?IME vLoB vcH vRoB xNL xNcH xNR wTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .51 CWSEL= 1639.53 

STA- 9991. 9995. 10020. 10032. 10082. 10090. 10105. 10109. 
PER Q- .3 95.5 1.5 . 4  1.0 1.4 .o 

AREA- .9 46.5 3.9 2.0 2.7 4.1 . 3  
VEL- . 8  6.2 1 .1  . 6  1.1 1.0 .4 

DEPTH- . 2  1 .9  .3  .O .3 .3  .I 

PAGE 7 

PAGE 8 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE 
WASH AS L. CULLER - (602)244-8100 
JOB 15183 PR15183 ETC\WASHA\SP30AS.RAT RUN I 
RATING CURVE FOR BRkAK OUT FLOW AT CROSS SECTION 0.599 
SPECIAL PROBLEM 30 

, INC. 

ICHECK INQ NINV I D I R  STRT METRIC HVINS Q 

4 - 1 

NPROF IPLOT PRFVS XSECV XSECH FN ALLDC IBW 

3 -1 

WSEL 

1629 

CHNIM ITRACE 

15 

PAGE 9 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

?IME vLoB vRos xNL xNcH xNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
*SECNO .411 

3265 DIVIDED FLOW 

3720 CRITICAL DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9899.7 10049.0 TYPE= 1 TARGET- -9899.700 
.411 2.25 1629.05 1629.05 1629.00 1629.66 .61 .OO .OO 1630.30 

350.0 21.5 328.5 .O 9.7 50.9 .O .O .O 1630.60 
. 00 2 .20  6.46 .OO ,040 .030 .OOO ,000 1626.80 9903.30 

.008970 545. 544. 565. 0 4 0 .OO 51.86 10025.52 

FLOW DISTRIBUTION FOR SECNO- .4  1 CWSEL= 1629.05 

STA- 9903. 9906. 9914. 9923. 9924. 10033. 
PER Q- .3 3.3 2 .5  .O 93.9 
AREA- . 6  4.7 4.2 .2 50.9 

VEL- 1.5 2 .5  2 . 1  .9 6.5 
DEPTH- .3 . 6  .4 . 1  1.7 

1490 NH CARD USED 
'SECNO .512 

3265 DIVIDED FLOW 

3280 CROSS SECTION .51  EXTENDED .83 FEET 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study  
S p e c i a l  Problem No. 1AS 

March 3 .  1995 
S e c t i o n  4.5, Page D3 



7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

@ 3470 Et4:XYCHMENT STATIONS-  9989.3 10119.8 TYPE- 1 TARGET- 130.500 
2.83 1639.73 1639.73 .OO 1640.26 .52 5.15 .O1 1639.10 

350.0 2.1 315.4 32.5 2.0 51.6 26.6 .8  1.0 1638.90 
.03 1.04 6.11 1.22 .070 .040 .070 .OOO 1636.90 9989.30 

.010565 470. 533. 515. 9 1 1  0 .OO 111.25 10115.10 

SECNO DEPTH CWSEL CRIWS WSELK EG HV 
QLOB QROB ALOB ACH AROB 

?,ME v L o B  ? v R o B  x N L  x N c H  xNR 
SLOPE XLOBL XLCH XLDBR I T R I A L  I D C  ICON7 

FLOW D I S T R I B U T I O N  FOR SECNO- .51  CWSEL- 1639.73 

STA- 9989. 9995. 10020. 10082. 10105. , 10115. 
PER Q- .6 90 .1  4.4 4.5 .3  

AREA- 2 .0  51.6 13.3 11.5 1.7 
VEL- 1.0 6.1 1 . 2  1 . 4  .7 

DEPTH- . 3  2.1 .2 . 5  .2 

T I  FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY - CONTRACT 93-06 
T2 R I O  VERDE NORTH FLOODPLAIN D E L I N E A T I O N  STUDY BY BURGESS & N I P L E ,  
73 WASH AS L .  CULLER - (602)244-8100 
T 4  JOB 15183 PR15183 ETC\WASHA\SP30AS.RAT RUN I 
T 5  RATING CURVE FOR B R i A K  OUT FLOW A T  CROSS S E C T I O N  0.599 
T6 S P E C I A L  PROBLEM 30 

J1 ICHECK I N Q  N I N V  I D I R  STRT METRIC H V I N S  

5 - 1 

J 2 N P R O F  I P L O T  PRFVS XSECV XSECH F N  ALLDC 

4 - 1 

SECNO DEPTH CWSEL CRIWS WSELK EG 

?.ME 

HV 
QLOB QCH QROB ALOB ACH AROB 
VLOB VCH VROB XNL XNCH XNR 

SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  1 CONT 

CCHV- . I 0 0  CEHV- .300 
1490 NH CARD USED 
*SECNO .411 

3265 D I V I D E D  FLOW 

3720 C R I T I C A L  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS-  9899.7 10049.0 TYPE- 1 TARGET- 
.411 2.51 1629.31 1629.31 1629.00 1629.98 .67 

450.0 43.9 406.1 .O 15.6 59.2 .O 
.OO 2.81 6.86 .OO .040 ,030 .OOO 

,008963 545. 544. 565. 0 7 0 

FLOW D I S T R I B U T I O N  FOR SECNO- .41 CWSEL= 1629.31 

STA- 9902. 9906. 9914. 9923. 9926. 10033 
.6 PER Q- ,4 4 . 8  4.2 .2  90.2 

AREA- 6 . 8  6.7 .7  59.2 
VEL-  1.9 3 .2  2.8 1.4 6.9 

1490 NH CARD USED 
"SECNO ,512 
3280 CROSS SECTION . 5 1  EXTENDED 1 .08  FEET 

7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

H L OLOSS L-BANK ELEV 
VOL TWA R-BANK ELEV 
WTN E L M I N  SSTA 
CORAR TOPWID ENDST 

I N C .  

Q WSEL FQ 

1629 

I BW CHNIM I T R A C E  

15 

H L OLOSS L-BANK ELEV 
VOL TWA R-BANK ELEV 
WTN E L M I N  SSTA 
CORAR TOPWID ENDST 

3470 ENCROACHMENT STATIONS-  9989.3 10119.8 TYPE- 1 TARGET- 
.512 3.08 1639.98 1639.98 .OO 1640.51 .53 

450.0 5 .1  370.0 74.9 3 .6  57.8 50.5 
.03 1.43 6.40 1 .48  .070 .040 .070 

,009962 470. 533. 515. 1 1  8 0 

FLOW D I S T R I B U T I O N  FOR SECNO- .51  CWSEL= 1639.98 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  N o .  I A S  

M a r c h  3, 1995 
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SECNO 

?,ME 
SLOPE 

STA- 9989. 
PER Q- 

AREA- 
VEL- 

DEPTH- 

DEPTH CWSEL 
QLOB QCH 
VLOB VCH 
XLOBL XLCH 

CRIWS WSELK EG HV 
QROB ALOB ACH AROB 
VROB XNL XNCH XNR 
XLOBR I T R I A L  IDC ICONT 

HL 
VOL 
WTN 
CORAR 

OLOSS 
TWA 
ELMIN 
TOPWID 

L-BANK ELEV 
R-BANK ELEV 
SSTA 
ENDST 

PAGE 14 

T 1  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T 2  RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE,  INC. 
T? UAqH AS L. CULLER - 16021244-8100 . - . . . . - . . . .- 
T4 JOB 15183 PR15183 E T C \ W A S H A \ $ P ~ O A S . ~ A T - '  R U N  I 
T5 RATING CURVE FOR BRSAK OUT FLOW AT CROSS SECTION 0.599 
T6 SPECIAL PROBLEM 30 

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

6 - 1 1629 

J Z N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

15 -1 15 

PAGE 15 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB VROB XNL XNCH XNR WTN ELMIN SSTA 
VCH XLOBR I T R I A L  IDC SLOPE XLOBL XLCH ICONT CORAR TOPWID ENDST 

"PROF 5 
0 

CCHV- . I 00  CEHV- .300 
1490 NH CARD USED 
"SECNO .411 

3265 D IV IDED FLOW 

3720 CRIT ICAL  DEPTH ASSUMED 

3470 ENCROACHMENT STATIONS- 9899.7 10049.0 TYPE- 1 
.411 2.61 1629.41 1629.41 1629.00 1630.12 

500.0 55.5 444.5 .O 18.1 62.6 
.OO 3.06 7.10 . 00 .040 .030 

.009169 545. 544. 565. 0 10 

FLOW DISTRIBUTION FOR SECNO- .41 CWSEL= 1629.41 

STA- 9902. 9906. 9914. 9923. 9926. 10033. 
.7 PERQ-  5.3 4.8 .3 88.9 

AREA- 7 .6  7.7 1.1 62.6 
VEL- 2.1 3.5 3.1 1.6 7.1 

DEPTH- .5 1.0 .8  .3 1.9 

1490 NH CARD USED 
*SECNO .512 
3280 CROSS SECTION .51 EXTENDED 1.17 FEET 

7185 MINIMUM SPECIF IC  ENERGY 
3720 CRITICAL DEPTH ASSUMED 

TARGET- 
.71 

.o 
.ooo 

PAGE 16 

FLOW DISTRIBUTION FOR SECNO- .51 CWSEL= 1640.07 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

?,ME vLoB  ? vRoB xNL xNcH xNR wTN ELMIN ssTA  
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

STA- 9989. 9995. 10020. 10032. 10082. 10105. 10120. 
PER Q= 1.3 79.5 4 . 1  6.2 7.3 1.6 

AREA- 4 .1  60.0 10.4 23.0 19.3 6.5 
VEL- 1.6 6.6 1.9 1.4 1.9 1.2 

DEPTH- .7  2.4 . 9  .5 .8 . 4  

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  No .  IAS 

M a r c h  3, 1995 
S e c t i o n  4.5, Page 0 5  



PAGE 1 7  

T H I S  RUN EXECUTED 19AUG94 1 0 : 4 0 : 2 1  

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4 . 6 . 2 ;  M a y  1991 .*. t.....*.*..**'f*"*****"""*""*** 

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUMMARY OF ERRORS L I S l  

WASH AS 

SUMMARY PRlNTOUl  

SECNO E L M I N  CWSEL Q VCH DIFWSX TOPWID DEPTH SSTA ENDST QLOB QROB ELTRO 

1 
19AUG94 1 0 : 4 0 : 2 0  PAGE 1 8  

SUMMARY OF ERRORS AND S P E C I A L  NOTES 

CAUTION SECNO- . 4 1 1  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 4 1 1  PROFILE-  2 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 4 1 1  PROFILE-  3 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 4 1 1  PROFILE-  4 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 4 1 1  PROFILE-  5 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO- 
CAUTION SECNO- 

PROFI  LE-  
PROFI  LE- 
PROFILE-  
PROFILE-  
P R D F I L E -  . . . . . - - 
PROFILE-  
PROFILE-  
PROFI  LE- 
PROFILE-  
PROFILE-  

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
S p e c i a l  P r o b l e m  N o .  1AS 

M a r c h  3 ,  1 9 9 5  
S e c t i o n  4 .5 ,  P a g e  0 6  



SECTION 4: Hydraulic Analysis 
4.6 Floodway Modeling 



Flows in the washes included in this study are in the supercritical regime and velocity conditions 

are such that normal encroachment analyses are inappropriate. Furthermore, Wash A, between 

Section 0.700 and Section 1.557, and Wash A South are relatively small channels with limited 

capacity. A substantial part of the 100-year flow is conveyed as shallow overbank flow, producing 

floodways that are very wide with large areas of shallow flooding. Therefore, flooding is shown as 

Zone AE with no floodway calculated. 



SECTION 4: Hydraulic Analysis 
4.7 Final Results 

Wash A Natural Profile 
Wash A South Natural Profile 
Wash F Natural Profile 
Wash I Natural Profile 



WASH A 



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

* HEC-2 WATER SURFACE PROFILES 

* V e r s r o n  4.6.2; May 1991  

* RUN DATE 200CT94 TIME 14:13:41 * ............................................ 
* 

* U.S. ARMY CORPS OF ENGINEERS * 
HYDROLOGIC ENGINEERING CENTER : 
609 SECOND STREET, SUITE D 

* DAVIS, CALIFORNIA 95616-4687 
(916) 756-1104  

* * * * * * * * * X * * * * * * * * * * " " ~ * * * * " * * * * * * * * * * * *  

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

V e r s i o n  4 . 6 . 2  May 1991  ..................................... 

X  X  X X X X X X X  X X X X X  X X X X X  
X  X X  X  X  X  X  
X  X X  X  X  
X X X X X X X  X X X X  X  X X X X X  X X X X X  
x x x  X  X 
X X X  X  X  X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

PAGE 1 

THIS RUN EXECUTED 200CT94 14:13:41 

T 1  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 93-06 
T2  RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 
T3 WASH A L. CULLER - (602)244-8100  
T4 JOB 15183 PR15183\ETC\WASHA\WASHA.IH2 RUN 1 

J 1  ICHECK I N q  NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

2 -1 1507 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

-1 -1 15 

5 3  VARIABLE CODES FOR SUFmARY PRINTOUT 

1 
200CT94 14:13:41 PAGE 2 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

March  3 ,  1995 
S e c t i o n  4.7,  Page A1 



GR 1564.7 10152.9 1565.0 10169.7 1565.3 10188.1 1564.6 10218.2 1564.0 10237.6 
GR 1562.7 10248.5 1563.7 10254.8 1564.2 10264.8 1563.9 10280.5 1563.4 10292.1 
GR 1563.8 10303.4 1563.7 10306.9 1561.0 10309.9 1561.0 10310.5 1563.7 10315.7 
GR 1564.0 10321.6 1562.6 10334.3 1563.5 10339.9 1564.3 10349.8 1564.0 10364.5 
GR 1564.4 10376.5 1563.9 10385.1 1564.4 10392.7 1564.7 10403.9 1564.9 10414.0 

A MINOR FLOW BREAKOUT OCCURS AT THE RIGHT END OF SECTION 0.550. THE 
ESTIMATED BREAKOUT FLOW I S  SMALL AND THE FLOW I N  WASH A I S  NOT REDUCED. 
(SEE SPECIAL PROBLEM NO. 5A) 

THE CONFLUENCE WITH WASH A SOUTH I S  AT RIVER MILE  0.682. THE DISCHARGE 
I S  NOT CHANGED FROM THE VALUE BELOW THE CONFLUENCE TO THE VALUE ABOVE 
THE CONFLUENCE UNTIL  SECTION 0.820. (SEE SPECIAL PROBLEM NO. 4A) 

1 
200CT94 14:13:41 PAGE 3 

FOREST SERVICE ROAD I S  AT RIVER M I L E  0.718 (LOW CROSSING. NO STRUCTURE) 

035 10066.8 .07 

PAGE 4 

AN ADDITIONAL 55 CFS FROM WASH A SOUTH ENTERS WASH A AT CROSS SECTION 
1.117. (SEE SPECIAL PROBLEM NO. 1AS) 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7, Page A2 



1 
200CT94 14:13:41 PAGE 5 

THE CONFLUENCE WITH WASH A SOUTH I S  AT RIVER MILE 1.586. THE DISCHARGE 
I S  CHANGED FROM THE VALUE BELOW THE CONFLUENCE TO THE VALUE ABOVE THE 
AT CROSS SECTION 1.472. (SEE SPECIAL PROBLEM NO. 3A) 

PAGE 6 

R i o  Verde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

March  3, 1995 
S e c t i o n  4 . 7 ,  Page A3 



A S P L I T  FLOW CONDITION OCCURS JUST DOWNSTREAM OF SECTION 2.105.  
FLOW EXITS  INTO A SMALL WASH WHICH ENDS 
I N  WASH A CHANNEL JUST DOWNSTREAM. 
RATING CURVES FOR THIS  SECTION AND THE SMALL WASH WERE DEVELOPEDED AND 
ADDED TOGETHER TO DETERMINE THAT APPROXIMATELY 6 0  CFS LEAVES AT THIS  

PAGE 7 

LOCATION. DUE TO THE DISCHARGE BEING LESS THAN 6 PERCENT OF THE TOTAL 
FLOW THERE WAS NO FLOW REDUCTION I N  WASH A DISCHARGE. (SEE SPECIAL 
PROBLEM NO. 2A) 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3. 1995  
S e c t i o n  4.7. Page A4 



A FLOW BREAKOUT OCCURS AT SECTION 2.494. FLOW EXITS ON THE RIGHT SIDE.  
RATING CURVES FOR THIS  SECTION AND THE WATERSHED D I V I D E  WERE DEVELOPED 
AND ADDED TOGETHER TO DETERMINE THAT APPROXIMATELY 220 CFS LEAVES 
WASH A. 160 CFS LEAVES BELOW THE SECTION AND 60 CFS LEAVES AT THE 
SECTION. THEREFORE THE DISCHARGE FOR SECTION 2.494 HAS BEEN REDUCED 
FROM 1330 CFS TO 1270 CFS AND THE DISCHARGE FOR THE NEXT DOWNSTREAM 
SECTION 2.403 HAS BEEN REDUCED FROM 1330 CFS TO 1110 CFS. (SEE SPECIAL 
PROBLEM NO. 1A) 

PAGE 8 

1 PAGE 9 
200CT94 14:13:41 

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

Q QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB $E; "ROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

"PROF 1 
0 

CCHV- . I00 CEHV- .300 
;$CNO .000 
3720 CRITICAL DEPTH ASSUMED 

,000 4.29 1509.39 1509.39 1507.00 1510.83 1.44 . O O  .OO 1509.60 
1140.0 . O  1113.6 26.4 . O  114.2 11.7 .O . O  1509.00 

. O O  . O O  9 .75 2.26 . O O O  .035 .080 .OOO 1505.10 9988.29 
.013052 0. 0. 0. 0 16 0 . O O  47.59 10035.88 

FLOW DISTRIBUTION FOR SECNO- .OO CWSEL= 1509.39 

STA- 9988. 10026. 10030. 10036. 
PER Q- 97.7 1.2 1.1 

AREA- 114.2 5.7 6.0 
9.8 2.4 2 . 1  

DEPTH- 

vEL- 

3.0 1.3 1 . 1  

CCHV- .I00 CEHV- .300 
*SECNO .031 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

,031 3.21 1513.61 1513.61 . O O  1514.86 1.25 1.89 .02 1521.40 
1140.0 . O  1140.0 . O  . O  127.0 . O  . 5  .2 1522.90 

.01 .OO 8.97 . O O  . O O O  ,030 .OOO . O O O  1510.40 9982.55 
.010230 160. 164. 180. 20 15 0 .OO 51.33 10033.88 

FLOW DISTRIBUTION FOR SECNO- .03 CWSEL= 1513.61 

STA- 9983. 10041. 
PER Q= 100.0 

AREA- 127.0 
VEL- 9.0 

DEPTH- . 2.5 

*SECNO ,094 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 

1 
200CT94 14:13:41 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME V LOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L ,  IDC ICONT CORAR TOPWID ENDST 

3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

,094 2.47 1520.67 1520.67 . O O  1521.78 1.10 3.50 .01 1526.30 
1140.0 . O  1140.0 . O  . O  135.2 . O  1 .5  .6 1528.80 

.02 . 00 8.43 .OO ,000 ,030 . 000 .OOO 1518.20 9964.54 
.010802 340. 333. 290. 20 15 0 . O O  62.07 10026.61 

FLOW DISTRIBUTION FOR SECNOm .09 CWSEL= 1520.67 

STA- 9965. 10029. 
PER Q= 100.0 

AREA= 135.2 
VEL- 8 . 4  

DEPTH= 2.2 

PAGE 10 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3 ,  1995 
S e c t i o n  4 .7 ,  Page A5 



CCHV- .I00 CEHV- .300 
*SECNO .I81 
3685 20 TRIALS ATTEMPTED WSEL.CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED @ 1 8 1  3.41 1533.11 1533.11 .OO 1534.28 1.17 4.82 .02 1539.10 

1140.0 .O 1140.0 .O .O 131.3 .O 2.9 1.2 1540.10 
.03 .OO 8.68 .OO .OOO .030 .OOO .OOO 1529.70 9952.50 

.010231 440. 459. 450. 20. 11 0 .OO 56.41 10008.91 

FLOW DISTRIBUTION FOR SECNO- .18 CWSEL- 1533.11 

STA- 9953. 10021 
PER Q- 100.0 

AREA- 131.3 
VEL- 8.7 

DEPTH- 2.3 

,TTEMPTED WSEL.CWSEL 
NIMUM SPECIFIC ENERGY 
DTU ACCosucn 

"SECNO .241 
3685 20 TRIALS A 
3693 PROBABLE M I  
3720 CRITICAL DEr , ,. 

.241 2.84 
1140.0 .O 

.04 . 00 
.010815 305. 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB 9:; VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .24 CWSEL- 1539.04 

STA- 9961. 10050. 
PER 9- 100.0 

AREA- 141.6 
VEL- 8.1 

DEPTH- 2.0 

"SECNO .347 

3265 DIVIDED FLOW 

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

3 4 7  5.29 1553.09 1553.09 .OO 1554.44 1.35 5.16 .I0 1553.20 
1140.0 .O 1133.5 6.5 .O 121.2 8.6 5.6 2.7 1553.10 

.06 . 00 9.36 .75 .OOO .030 .060 . 000 1547.80 9979.38 
.007942 505. 560. 545. 20 17 0 .OO 86.32 10066.30 

FLOW DISTRIBUTION FOR SECNO- .35 CWSEL- 1553.09 

STA- 9979. 10016. 10028. 10035. 10050. 10066. 
PER Q- 99.4 .I .1 .3 .1 

AREA- 121.2 1.7 1.7 3.7 1.5 
VEL- 9.4 .6 1.0 .8 .5 

DEPTH- 3.3 .I .3 .2 .I 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO -453 

3265 DIVIDED FLOW 

3301 HV CHANGED MORE THAN HVINS 

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

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

0 QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB 8 VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .45 CWSEL. 1564.43 

STA- 9946. 9990. 10017. 10056. 10140. 10281. 10310. 10316. 10340. 10394 
PER Q- 2.5 75.7 3.0 3.2 3.3 3.9 4.2 3.3 .9 

AREA- 23.2 115.0 26.7 38.0 34.9 27.0  12.9 25.5 16.6 
VEL- 1.2 7.5 1.3 . 9  1.1 1.6 3.7 1.5 .6 

PAGE 11 
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R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
Wash A HEC-2 N a t u r a l  P r o f i l e  

March 3, 1995 
S e c t i o n  4.7, Page A6 



DEPTH- .5 4.2 . 7  . 4  . 2  . 9  2.2 1.1 

1490 NH CARD USED 
"SECNO .550 
3280 CROSS SECTION .55 EXTENDED 

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

.550 2.67 1572.57 1572.57 
1140.0 25.2 490.3 624.5 

.11 1.20 7.59 2.81 
.010597 495. 512. 460. 

.27 FEET 

FLOW DISTRIBUTION FOR SECNO- .55 CWSEL- 1572.57 

STA- 9920. 9977. 10012. 10053. 10072. 10085. 10088. 10092. 10098. 10111. 10138. 10162. 10189. 
PER Q- 2.2 43.0 4.7 3.4 8.2 3.5 3.6 5.6 4.0 7.2 3.3 4.4 

AREA- 21.0 64.6 29.8 16.3 18.5 6.9 6.8 11.2 17.1 32.9 19.9 23.9 
VEL- 1.2 7.6 1.8 2.4 5.0 5.8 6.1 5.7 2.6 2.5 1.9 2.1 

DEPTH- .4 1.9 .7 .8 1.5 1.9 2.1 1.9 1.3 1.2 .8 .9 

STA- 10189. 10206. 10237 
PER Q- 4.1 2.7 

AREA- 19.8 19.0 
VEL- 2.4 1.6 

DEPTH- 1.1 .6 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- .I00 CEHV- .300 
*ZFPNCI fi5R 

PAGE 13 

- - -, . - . - - - 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.658 3.81 1583.11 
1160.0 110.0 779.2 

FLOW DISTRIBUTION FOR SECNO- .66 CWSEL= 1583.11 

STA- 9934. 9963. 9981. 10012. 10022. 10049. 10065. 10120. 10130. 
5.3 4.2 67.2 3.4 12.2 3.8 3.2 .7 
29.2 22.1 96.6 15.3 49.0 19.7 29.3 5.7 
2.1 2.2 8.1 2.6 2.9 2.3 1.3 1.4 
1 .O 1.2 3.1 1.6 1.8 1.3 .5 .5 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
'SECNO .700 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.700 3.06 1586.86 1586.86 .OD 1587.42 .57 2.63 .01 1587.40 
1160.0 .O 909.1 250.9 .O 135.4 112.6 16.8 13.4 1587.60 

.15 .OO 6.72 2.23 .OOO' .035 .080 .OOO 1583.80 9979.07 
.014010 195. 222. 190. 10 16 0 .OO 209.66 10210.67 

FLOW DISTRIBUTION FOR SECNO- .70 CWSEL- 1586.86 

STA- 9979. 10035. 10084. 10125. 10144. 10166. 10187. 10208. 10211. 
P E R Q -  43.0 35.3 3.9 4.3 4.9 5.4 3.0 .I 

AREA- 77.1 58.2 23.3 21.2 24.1 25.2 17.8 .9 
VEL- 6.5 7.0 1.9 2.4 2.4 2.5 2.0 I. I 

DEPTH- 1.5 1.7 .6 1.1 1.1 1.2 .8 .4 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L  OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

81ME vLoB  9:; vRoB xNL xNcH xNR wTN ELMIN ssTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO .723 

3265 DIV IDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 2.07 

PAGE 14 
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FLOW DISTRIBUTION FOR SECNO- .72 CWSEL- 1587.89 

STA- 9990. 10018. 10066. 10172. 10198. 10216. 
PER Q- 3.7 3.9 83.9 7.8 .7 

AREA- 20.0 41.6 197.4 26.9 @ VEL- 2.2 1.1 4.9 3.4 5.3 1.4 
DEPTH- 1.1 .9 1.9 1.0 .3 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO .820 

3265 DIV IDED FLOW 

3685 20 TRIALS ATTEMPTED WSEL.CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.820 2.09 1597.89 1597.89 
595.0 149.8 295.4 149.8 

.I9 3.37 6.41 3.09 
.019804 485. 512. 520. 

FLOW DISTRIBUTION FOR SECNO- .82 CWSEL= 1597.89 

STA- 9877. 9896. 9903. 9910. 9979. 10013. 10025. 10044. 10049. 10062. 10067. 
PER Q- 4.8 10.4 3.7 6.3 49.6 3.3 7.7 5.9 8.2 .I 
AREA- 7.6 9.8 5.2 21.9 46.1 8.5 16.4 8.0 15.0 .5 

VEL- 3.7 6.3 4.2 1.7 6.4 2.3 2.8 4.4 3.2 .6 
DEPTH- .4 1.3 .7 .3 1.4 .7 .9 1.8 1.1 .1 

SECNO DEPTH CWSEL CRIWS WSELK '  EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

1490 NH CARD USED 
*SECNO .902 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIF IC  ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.902 2.82 1606.62 1606.62 .OO 1606.89 .28 7.03 .01 1606.60 
595.0 507.2 59.9 28.0 115.2 17.6 23.8 21.5 18.7 1606.60 

.21 4.40 3.40 1.18 .042 .035 .070 .OOO 1603.80 9739.42 
.014098 420. 433. 420. 6 11 0 .OO 300.75 10157.63 

FLU4 DISTRIBUTION FOR SECNO- .90 CWSEL- 1606.62 

PAGE 15 

STA- 9739. 9765. 9777. 9785. 9796. 9810. 9820. 9907. 9914. 9962. 9984. 10016. 10078. 
PER Q- 6.4 27.5 15.8 3.0 8.2 3.9 9.2 7.6 3.5 .1 10.1 3.8 

AREA- 12.3 23.8 14.9 6.0 12.2 6.9 12.4 9.1 16.1 1.5 17.6 18.2 
VEL- 3.1 6.9 6.3 3.0 4.0 3.4 4.4 5.0 1.3 .4 3.4 1.2 

DEPTH- .5 2.0 1 .8 .6 .9 .7 .I 1.2 .3 .1 .6 .3 

STA- 10078. 10158. 
.9 PER Q- 5.6 

AREA- 
VEL- 1.0 

DEPTH- .I 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
"SECNO .990 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.990 1.72 1616.02 1616.02 .OO 1616.34 .32 7.87 .01 1616.00 
595.0 251.3 342.6 1.0 81.0 64.2 1.5 23.1 21.7 1615.80 

.24 3.10 5.34 .71 .049 .035 .070 .OOO 1614.30 9754.72 
.021345 455. 465. 455. 5. 14 0 .OO 276.67 10080.18 

1 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME V LOB VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .99 CWSEL= 1616.02 

STA- 9755. 9770. 9779. 9790. 9795. 9802. 9832. 9873. 9901. 9986. 10067. 10080. 
PER Q- 9.0 4.8 3.4 7.5 5.2 4.5 3.6 3.5 .8 57.6 .2 

AREA- 11.0 6.6 5.8 6.9 6.2 13.6 14.1 11.9 5.1 64.2 1.5 
VEL- 4.9 4.3 3.5 6.5 5.0 2.0 1.5 1.7 .9 5.3 .7 

DEPTH- .7 .7 . 5  1.3 .9 .5 .3 .4 .I .8 1 

CCHV= .I00 CEHV- .300 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  
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1490 NH CARD USED 
"SECNO 1.117 

3265 DIVIDED FLOW 

1.117 3.30 1628.80 1628.78 .OO. 1629.19 .40 12.83 .02 1630.40 
595.0 .O 100.7 494.3 .O 21.3 96.6 25.0 25.0 1630.30 

.28 .OO 4.72 5.11 .OOO .035 .044 .OOO 1625.50 9974.70 
.Ole866 655. 671. 605. 8 17 0 .OO 174.07 10286.08 

FLOW DISTRIBUTION FOR SECNO- 1.12 CWSEL- 1628.80 

. . , . - 
DEPTH- .7 .I 2 . 1  2.0 .4 .2 1.5 .2 

1490 NH CARD USED 
*SECNO 1.208 

3265 DIVIDED FLOW 

PAGE 17 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB $:; VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- 1.21 CWSEL= 1638.57 

STA- 9988. 10010. 10105. 10113. 10209. 10320. 10326. 10409. 10412. 10417. 10431. 10436. 10439. 
PER Q- 30.6 4.3 12.1 12.7 6.0 3.1 3.7 4.9 8.2 5.4 4.9 3.2 

AREA- 27.2 5.2 11.8 19.2 14.3 6.3 12.2 4.7 7.3 9.0 5.2 3.8 
VEL- 6.1 4.5 5.5 3.6 2.3 2.7 1.6 5.6 6.0 3.3 5.1 4.5 

DEPTH- 1.3 .I 1.4 .2 .1 1.1 .1 1.6 1.6 .6 1.2 1.1 

STA- 10439. 10474. 
.8 PER 9- 5.3 

AREA- @ DEPTH- VEL- .2 .8 

CCHV- .I00 CEHV- .300 
'SECNO 1.306 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1.306 1.67 1650.17 1650.17 .OO 1650.48 .31 11.42 .OO 1650.30 
540.0 15.7 148.9 375.4 4.8 21.9 120.6 27.8 29.3 1650.00 

.34 3.25 6.80 3.11 .080 ,040 ,080 .OOO 1648.50 9954.47 
.047056 500. 517. 445. 11 16 0 .OO 224.58 10209.86 

FLOW DISTRIBUTION FOR SECNO- 1.31 CWSEL= 1650.17 

STA- 9954. 9960, 10019. 10032. 10046. 10061. 10098. 10112. 10126. 10149. 10167. 10180. 10202 
2.9 27.6 3.3 8.6 4.8 9.4 8.5 3.5 9.0 10.6 5.0 5.3 
4.8 21.9 AREA- 6.8 12.7 8.9 18.2 12.5 7.2 15.6 15.5 8.8 11.1 

VEL- 3.2 6.8 2.6 3.7 2.9 2.8 3.7 2.6 3.1 3.7 3.1 2.6 
DEPTH- .8 .8 .5 .9 .6 .5 .9 .5 .7 .9 .7 .5 

STA- 10202. 10210. 
PER Q- 1.4 

AREA- 3.4 
VEL- 2.3 

DEPTH- .4 

1 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
Q QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- ,100 CEHV- .300 
"SECNO 1.367 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO = 1.79 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  
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FLOW DISTRIBUTION FOR SECNO- 1.37 CWSEL- 1658.39 

STA- 9924. 9949. 9965. 9978. 9991. 10051. 10082. 10089. 
PER Q- 1.1 1 .1  1.8 5.0 86.8 4.2 .1 

AREA- @ VEL- 6.3 5.4 
6 . 8  12.4 83.5 15.8 .9 

.9  1 .1  1 .4  2.2 5 .6  1.4 .6 
DEPTH- . 3  .4  .5  1.0 1 . 4  .5  .2 

1490 NH CARD USED 
*SECNO 1.472 

3265 DIVIDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1.59 

FLOW DISTRIBUTION FOR SECNO- 1.47 CWSEL- 1669.78 

STA- 9998. 10035. 10045. 10063. 10155. 10189. 10210. 10239. 10262. 10331. 10387, 10392. 10406. 
PER Q- 3.7 . I  4.5 10.4 49.2 6.3 5.1 5.0 3.7 7.9 3.5 .6 

AREA- 11.3 1.4 11.7 55.4 57.9 22.6 22.9 20.5 24.0 14.9 6.1 4.4 
VEL- 3.6 .8  4.2 2.0 9.2 3.0 2.4 2.6 1.7 5.7 6.3 1 . 5  

DEPTH- .4 . 1  .6 .6 1.7 1.1 .8  .9  .4  . 3  1 .2  .3  

1 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB QCH VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO 1.557 

3265 DIV IDED FLOW 

3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3720 CRITICAL DEPTH ASSUMED 

1.557 2.29 1680.39 1680.39 
1080.0 267.7 411.8 400.5 

.42 4.56 4.69 4.69 
.041567 400. 449. 490. 

FLOW DISTRIBUTION FOR SECNO- 1.56 CWSEL- 1680.39 

STA- 9853. 9907. 9959. 9968. 9988. 9997. 10010. 10087. 10104. 10159. 10190. 10199. 10212. 
PER 9- 4.6 6.2 7 . 5  5.1 1.4 13.9 19.3 4.9 3.5 6 .3  15.4 5.0 

AREA- 15.1 11.9 9.9 16.3 5.5 15.6 62.9 9.2 19.5 17.0 15.0 9.3 
VEL- 3 . 3  5.6 8 . 2  3.4 2.7 9.7 3.3 5.7 2.0 4.0 11.1 5.9 

DEPTH- . 3  .2  1.1 .8 .6  1 .2  . 8  .5 .4  .5 1 .8  .7 

STA- 10212. 10263. 10275. 
PER 9- 6.5 .3  

AREA- 22.4 2 .3  
VEL- 3.2 1.3 

DEPTH- .4 .2 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO 1.629 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 1.59 

FLOW DISTRIBUTION FOR SECNO- 1.63 CWSEL- 1689.43 

1 
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SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
Q QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
TIME VLOB QCH VCH "ROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

STA- 9919. 9957. 9976. 10025. 10043. 10074. 10098. 10106. 10120. 10173. 10202. 10216. 10239. 
PER Q- 3.7 . I  10.4 3.6 7.1 7 .8  3.9 3 . 8  4.8 7.5 8 . 8  4.1 

AREA- 22.5 2.5 29.2 15.7 28.2 27.9 12.0 14.5 28.1 28.1 24.7 18.3 
VEL- 1.8 .6 3 .9  2 . 5  2.7 3.1 3.6 2.9 1.9 2.9 3.9 2.4 

DEPTH- .6 .1  . 6  .9  . 9  1.2 1 .5  1 .1 .5 1.0 1.7 . 8  

STA- 10239. 10290. 10301. 10306. 10330. 10361. 
PER 9 -  4.9 16.4 7 .0  4.3 I .8  

AREA- 27.0 22.8 10.7 19.1 13.0 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
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YE&- 2.0 7.9 7.2 2.4 1.5 
DEPTH- .5  2.1 2.0 .8 .4 

CCHV- ,100 CEHV- .300 
1490 NH CARD USED 
*SECNO 1.733 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 

FLOW DISTRIBUTION FOR SECNO- 1 . 7 3  CWSEL= 1702.74 

STA- 9762. 9793. 9804. 9811. 9822. 9836. 9852. 9871. 9894. 9928. 9957. 10033. 
PER Q- 4.5 8.7 7.4 17.0 19.8 13.8 5.5 6.4 6.9 1.6 8.5 

AREA- 18.0 13.5 10.3 20.9 24.8 21.0 18.4 21.6 26.2 9.8 22.1 
VEL- 2.7 7.0 7.9 8.9 8.7 7.2 3.2 3.2 2.9 1.8 4.2 

DEPTH- .6 1.3 1.5 1.8 1.8 1.3 .9 .9 .8 .3 .5 

1490 NH CARD USED 
*SECNO 1.806 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 
1 

200CT94 14:13:41 

SECNO DEPTH CWSEL CRlWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLDB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- 1.81 CWSEL- 1712.59 

PAGE 21 

STA- 9729. 9765. 9785. 9802. 9805. 9810. 9813. 9861. 9915. 9927. 9934. 9942. 9978. 
PER Q- 4.6 4.1 5.5 4.2 7.1 4.6 3.9 5.2 5.2 3.3 4.6 .7 

AREA- 21.1 16.4 13.4 
VEL- 5.9 

9.4 6.6 19.4 28.5 11.3 6.9 8.8 5.0 
2.4 2.7 4.5 7.9 8.3 7.6 2.2 2.0 5.0 5.2 5.7 1.5 

DEPTH- .6 .8 .8 1.8 2.0 1.7 .4 .5 .9 1.0 1.1 1 

STA- 9978. 10044. 
PER 9- 46.9 

AREA- 77.3 
VEL- 6.6 

DEPTH- 1.2 

1490 NH CARD USED 
*SECNO 1.887 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

1.887 2.55 1722.35 1722.35 -00 1722.66 .31 8.27 .01 1722.60 
1090.0 633.4 411.9 44.7 146.9 82.9 24.1 43.8 51.5 1722.00 

.52 4.31 4.97 1.85 .047 ,035 .070 .OOO 1719.80 9644.67 
.019404 415. 428. 400. 11 11 0 .OO 432.65 10124.10 

FLOW DISTRIBUTION FOR SECNO- 1.89 CWSEL- 1722.35 

1 
200CT94 14:13:41 

PAGE 22 

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

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

TIME VLOB VCH VROB XNL XNCH XNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

STA- 9645. 9651. 9657. 9662. 9668. 9675. 9690. 9709. 9832. 9872. 9883. 9947. 10070. 
4.6 11.4 5.3 7.5 7.1 3.3 4.7 3.2 3.3 6.0 1.8 37.8 

PER AREA- 8.6 13.4 8.0 11.2 11.0 13.1 18.0 22.0 17.3 11.5 12.8 82.9 
VEL- 5.8 9.3 7.2 7.3 7.0 2.7 2.8 1.6 2.1 5.6 1.5 5.0 

DEPTH- 1.3 2.4 1.7 1.7 1.6 . 9  .9 .2 .4 1.1 .2 .8 

STA- 10070. 10116. 10124. 
PER Q- 3.8 .3 

AREA- 21.5 2.6 
VEL- 1.9 1.4 

DEPTH- .5 .3 

1490 NH CARD USED 
*SECNO 1.983 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  
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3265 D I V I D E D  FLOW 

7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

1.983 3.22 1735.02 1735.02 . O O  1735.52 .51 8.83 .06 1734.20 
1110.0 583.0 446.2 @ 5 5  

80.7 154.2 56.7 40.0 46.8 55.6 1734.10 
3.78 7.87 2.02 .054 .035 .070 .OOO 1731.80 9805.08 

.015197 525. 507. 505. 19 11 0 . O O  259.87 10087.77 

FLOW D I S T R I B U T I O N  FOR SECNO- 1.98 CWSEL= 1735.02 

STA- 9805. 9828. 9851. 9863. 9874. 9884. 9890. 9895. 9910. 9975. 9988. 10019. 10041. 
PER 9- 4 . 8  4 .1  3.6 3.0 4.0 8.9 9 .2  6.2 4.7 4.0 40.2 3.3 

AREA- 19.5 19.2 13.6 12.4 9.5 13.4 13.0 14.9 23.4 15.3 56.7 17.0 
VEL- 2.7 2 .4  2 .9  2.7 4.6 7.4 7 . 9  4.6 2.2 2.9 7.9 2 .2  

DEPTH- .8  .8 1 . 2  1.1 1.0 2.2 2 .4  1 .0  .4  1.2 1 . 9  .7  

STA- 10041. 10074. 10088. 
PER Q- 3.8 .1  

AREA- 20.8 2.1 
VEL- 2.0 .8  

DEPTH- .6 .2 

CCHV- . I00 CEHV- .300 
1 

200CT94 14:13:41 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

?,ME v LOB VCH VROB XNL XNCH XNR WTN E L M I N  SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

*SECNO 2.105 
7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

2.105 2.78 1749.78 1749.78 . O O  1750.22 . 4 4  10.93 .01 1748.90 
1110.0 135.5 621.2 353.3 67.7 91.7 130.8 50.9 60.1 1749.10 

.59 2.00 6.78 2.70 .080 .035 .070 . O O O  1747 .OO 9887.89 
.018336 675. 644. 655. 13 9 0 . O O  327.20 10215.08 

FLOW D I S T R I B U T I O N  FOR SECNO- 2.11 CWSEL= 1749.78 

PAGE 23 

STA- 9888. 9944. 9971. 9990. 10061. 10079. 10091. 10107. 10136. 10159. 10190. 10209. 10215. 
PER Q- 6.5 3.2 2 .5  56.0 4.5 5.7 4.2 4.9 4.4 4.2 3.9 . I  

AREA- 35.9 18.4 13.4 91.7 17.5 17.3 15.7 22.5 19.3 21.0 16.7 . 8  

VEL- 2.0 1.9 2.0 6 .8  2.8 3.6 2.9 2.4 2 .5  2.2 2 .6  . 8  
DEPTH- .6 .7 .7 1.3 1.0 1.4 1.0 . 8  . 8  .7 . 9  . I  

1490 NH CARD USED 
*SECNO 2.181 

3265 D I V I D E D  FLOW 

7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

2.181 2.69 1759.99 1759.99 . O O  1760.57 .58 5.36 .04 1758.90 
1110.0 89.9 762.7 257.3 56.9 105.3 106.0 53.4 62.6 1758.80 

.61 1.58 7.24 2.43 .080 ,035 .070 .OOO 1757.30 9829.98 
.010626 390. 401. 370. 9 8 0 . O O  247.10 10111.03 

FLOW D I S T R I B U T I O N  FOR SECNO- 2.18 CWSEL- 1759.99 

STA- 9830. 9932. 9968. 10017. 10030. 10053. 10065. 10086. 10100. 10111. 
PER Q- 3.0 5 .1  68.7 3.5 6.4 3.0 6.0 3.4 .8 

AREA- 27.5 29.4 105.3 16.0 28.3 13.8 26.4 15.9 5.6 
VEL- 1.2 1.9 7.2 2.5 2.5 2.5 2.5 2.4 1 . 5  

DEPTH- . 3  . 8  2 .1  1 .2  1.2 1 .2  1.2 1 . 1  .5  

1490 NH CARD USED 
*SECNO 2.297 
7185 MINIMUM S P E C I F I C  ENERGY 

1 
200CT94 14:13:41 

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

9 QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 
T I M E  VLOB $5; VROB XNL XNCH XNR WTN E L M I N  SSTA 

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

3720 C R I T I C A L  DEPTH ASSUMED 
2.297 2.63 1774.23 1774.23 .OO 1774.73 .50 7.72 .O1 1773.30 

1110.0 69.5 659.1 381.4 36.3 97.0 101.9 56.8 66.4 1773.50 
.64 1.91 6.79 3.74 .080 .035 ,047 ,000 1771.60 9935.72 

.015762 625. 612. 575. 13 5 0 . O O  307.40 10243.11 

FLOW D I S T R I B U T I O N  FOR SECNO- 2.30 CWSEL= 1774.23 

PAGE 24 

STAP 9936. 9979. 9989. 10057. 10121. 10131. 10139. 10193. 10243 
PER Q- 4.5 1.8 59.4 5 . 5  17.5 5.7 3.9 1.7 

AREA- 27.2 9.2 97.0 25.8 23.1 11.4 26.3 15.3 
VFI .  1 R 2.2 6 .8  2.3 8 .4  5.6 1.7 1 .3  .-- -. - -. - 

DEPTH-: .6 .9 1.4 .4  2.4 1.3 .5  . 3  

1490 NH CARD USED 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3 ,  1995 
S e c t i o n  4.7, P a g e  A12 



3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.403 2.42 1788.32 1788.32 .OO 1788.69 .37 8.96 . O 1  1787.60 
1110.0 387.3 338.2 384.5 131.2 44.1 134.1 60.3 70.6 1787.40 

.67 2.95 7.68 2.87 .070 .035 .060 .OOO 1785.90 9836.01 
.016811 530. 560. 550. 10 10 0 .OO 367.06 10210.07 

FLOW DISTRIBUTION FOR SECNO- 2.40 CWSEL= 1788.32 

STA- 9836. 9886. 9909. 9929. 9934. 9949. 9977. 9991. 10017. 10061. 10069. 10077. 10094. 
PER Q- 3.2 5.0 7.7 4.5 9.1 4.4 1.1 30.5 5.9 6.0 5.8 4.4 
AREA- 20.1 20.9 25.9 11.3 25.0 20.9 7.1 44.1 30.3 10.9 11.2 16.6 

VEL- 1.7 2.6 3.3 4.4 4.0 2.3 1 .8  7.7 2.2 6.0 5.7 2.9 
DEPTH- .4 .9 1.3 2.0 1.8 .7 .5 1.7 .7 1.4 1.3 1.0 

STA- 10094. 10103. 10148. 10210. 
PER Q- 3.7 5.8 3.1 

AREA- 12.2 30.0 22.8 
VEL- 3.4 2 .1  1 .5  

DEPTH- 1.4 . 7  .4  

1 
200CT94 14:13:41 PAGE 25 

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

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICON1 CORAR TOPWID ENDST 

CCHV- . I00 CEHV- .300 
"SECNO 2.494 
3280 CROSS SECTION 2.49 EXTENDED .58 FEET 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

2.494 3.28 1800.78 1800.78 .OO 1801.45 .67 7.72 .09 1799.50 
1270.0 69.4 645.6 555.0 35.5 77.4 136.3 63.1 73.5 1799.80 

.69 1.95 8.34 4.07 .080 .035 ,060 .OOO 1797.50 9925.58 
.017343 445. 480. 425. 14 14 0 .OO 204.42 10130.00 

FLOW DISTRIBUTION FOR SECNO- 2.49 CWSEL= 1800.78 

STA- 9926. 9961. 9977. 10019. 10036. 10062. 10072. 10080. 10097. 10123. 10130. 
PER 9- 3.2 2.2 50.8 4.3 5.8 8.0 9.8 8.5 6.5 1.0 

AREA- 22.4 13.1 77.4 16.7 23.8 19.1 20.8 25.4 25.4 
VEL- 

5.1 
1.8 2.2 8.3 3.2 3.1 5.3 6.0 4.2 3.2 2.4 

DEPTH- .6 . 8  1.8 1.0 .9 2.0 2 .5  1.5 1.0 .7 

PAGE 26 

THIS RUN EXECUTED 200CT94 14:13:55 
...................................... 

HEC-2 WATER SURFACE PROFILES 

V e r s l o n  4.6.2; May 1991 
.................................... 

WASH A 

SUMMARY PRINTOUT 

SECNO ELMIN 

.ooo 1505.10 

.031 1510.40 

.094 1518.20 

. I 8 1  1529.70 

.241 1536.20 

.347 1547.80 

.453 1558.80 

.550 1569.90 

.658 1579.30 

.700 1583.80 

.723 1585.60 

CWSEL 

1509.39 

1513.61 

1520.67 

1533.11 

1539.04 

1553.09 

1564.43 

1572.57 

1583.11 

1586.86 

1587.89 

VCH 

9.75 

8.97 

8 .43 

8.68 

8.05 

9.36 

7.51 

7.59 

8.07 

6.72 

4.10 

DIFWSX 

.oo 

4.22 

7.07 

12.44 

5.93 

14.05 

11.34 

8.14 

10.54 

3.75 

1.04 

TOPWID DEPTH 

47.59 4.29 

51.33 3.21 

62.07 2.47 

56.41 3.41 

71.73 2.84 

86.32 5.29 

364.63 5.63 

317.22 2.67 

196.44 3.81 

209.66 3.06 

216.73 2.29 

SSTA ENDST 

9988.29 10035.88 

9982.55 10033.88 

9964.54 10026.61 

9952.50 10008.91 

9960.81 10032.54 

9979.38 10066.30 

9946.43 10393.78 

9919.78 10237.00 

9933.54 10129.98 

9979.07 10210.67 

9989.92 10215.77 

QLOB 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

28.31 

25.18 

110.01 

.oo 

.oo 

QROB ELTRD 

26.42 .OO 

.oo . 00 

.oo .oo 

.oo .oo 

.oo .oo 

6.50 . 0 0  

248.47 .OO 

624.54 . 00 

270.78 .OO 

250.91 .OO 

97.75 .oo 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2  N a t u r a l  P r o f i l e  

March  3, 1995 
S e c t i o n  4.7, Page A13 



.820 

.902 

.990 

1.117 

1.208 

1.306 

200CT94 

SECNO 

1.367 

1.472 

1.557 

1.629 

1.733 

1.806 

1 .887 

1.983 

2.105 

2.181 

2.297 

2.403 

2.494 

200CT94 

E L M I N  CWSEL 

1656.50 1658.39 

1667.50 1669.78 

1678.10 1680.39 

1686.30 1689.43 

1700.80 1702.74 

1710.60 1712.59 

1719.80 1722.35 

1731.80 1735.02 

1747.00 1749.78 

1757.30 1759.99 

1771.60 1774.23 

1785.90 1788.32 

1797.50 1800.78 

VCH DIFWSX 

5.62 8.22 

5.33 11.39 

4.69 10.61 

3.89 9.04 

4.17 13.30 

6.62 9.85 

4.97 9.76 

7.87 12.67 

6.78 14.76 

7.24 10.21 

6.79 14.24 

7.68 14.09 

8.34 12.46 

188.87 

300.75 

276.67 

174.07 

212.83 

224.58 

TOPWID 

164.88 

368.26 

360.24 

442.47 

240.85 

299.87 

432.65 

259.87 

327.20 

247.10 

307.40 

367.06 

204.42 

DEPTH 

1.89 

2.28 

2.29 

3.13 

1.94 

1.99 

2.55 

3.22 

2.78 

2.69 

2.63 

2.42 

3.28 

SUMMARY OF ERRORS AND S P E C I A L  NOTES 

CAUTION SECNO- .000 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO- .031 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .031 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .031 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .094 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .094 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .094 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .I81 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .I81 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .I81 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECND- .241 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .241 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .241 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .347 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .347 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .347 P R O F I L E -  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .453 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .453 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .453 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .550 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .550 PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .550 PROFILE-  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .658 P R O F I L E -  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .658 P R O F I L E -  1 MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO- .700 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .700 PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

WARNING SECNO- .723 PROFILE-  1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- .820 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .820 P R O F I L E -  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- .820 P R O F I L E -  1 20 T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .902 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECND- .902 PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO- .990 PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- .990 PROFILE-  1 M I N I M U M  S P E C I F I C  ENERGY 

CAUTION SECNO- 1.208 P R O F I L E -  1 C R I T I C A L  DEPTH ASSUMED 

SSTA 

9923.77 

9997.99 

9853.28 

9918.53 

9762.40 

9729.09 

9644.67 

9805.08 

9887.89 

9829.98 

9935.72 

9836.01 

9925.58 

ENDST 

10088.66 

10406.45 

10274.79 

10360.99 

10033.56 

10043.72 

10124.10 

10087.77 

10215.08 

10111.03 

10243.11 

10210.07 

10130.00 

149.85 

507.18 

251.34 

.oo 

. 00 
15.75 

QLOB 

48.28 

. 00 
267.65 

41.76 

997.71 

578.39 

633.42 

583.02 

135.49 

89.94 

69.53 

387.28 

69.37 

149.76 

27.96 

1.04 

494.26 

374.65 

375.38 

PAGE 27 

QROB 

23.11 

346.16 

400.55 

934.70 

.oo 

.oo 

44.65 

80.74 

353.31 

257.33 

381.38 

384.50 

554.99 

PAGE 28 

.oo 

.oo 

.oo 

.oo 

. 00 

.oo 

ELTRD 

.oo 

.OO 

.oo 

-00 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

. 00 

. 00 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
F i l e  - WASHA.OUT Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7, P a g e  A14 
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CAUTION SECNO= 1.208 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

200CT94 14:13:41 

CAUTION SECNO- 1.306 PROFILE- 1 CRITICAL DEPTH ASSUMED 
CAUTION SECNO- 1.306 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

WARNING SECNO- 

WARNING SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

WARNING SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

CAUTION SECNO- 
CAUTION SECNO- 

1.367 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

1.472 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

1.557 PROFILE- 1 CRITICAL DEPTH ASSUMED 
1.557 PROFILE- 1 20 TRIALS ATTEMPTED TO BALANCE WSEL 

1.629 PROFILE- 1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

1 733 PROFILE* 1 CRITICAL DEPTH ASSUMED 
1:733 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

1 806 PROFILE- 1 CRITICAL DEPTH ASSUMED 
1:806 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

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

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

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

2 181 PROFILE- 1 CRITICAL DEPTH ASSUMED 
2: 181 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

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

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

2.494 PROFILE- 1 CRITICAL DEPTH ASSUMED 
2.494 PROFILE= 1 MINIMUM SPECIFIC ENERGY 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
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WASH A SOUTH 



l********************~***********n""*R 

A * HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4 . 6 . 2 ;  May 1 9 9 1  

* RUN DATE 200CT94 TIME 15 :22 :31  * 
*******"*********"*"*~""**"~"**""*"*ttt*"*"* 

X  X  X X X X X X X  X X X X X  
X  X X  X  X  

* * * * X * * * n n n * * . * l * * * * * * * " * n n * n ~ n n a * n * * * *  

U.5. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER : 
" 609  SECOND STREET, SUITE D 
* DAVIS, CALIFORNIA 95616 -4687  

(916)  756 -1104  
* * * n * * * * . * * * . * . " * * * ~ ~ " * * " * X * * * " " * t * " * ~ ~  

X X X X X  
X  x 

X  X X  X  X  
X X X X X X X  X X X X  X  X X X X X  X X X X X  
X  X X  X  X  
X  X X  X  X  X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

PAGE 1 

THIS  RUN EXECUTED 200CT94 15:22:31 
..................................... 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2;  May 1 9 9 1  
* * * * * * * * * * X . * * * * * " * * " % ~ * " " * . " ~ " ~ * * * ~ ~  

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 9 3 - 0 6  
T 2  R I O  VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE,  INC.  
T 3  WASH A SOUTH L .  CULLER - (602 )244 -8100  
T 4  JOB 15183  PR15183\ETC\WASHA\WASHAS2.IH2 RUN 1 

J 1  ICHECK I N 9  NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

2 -1 1507  

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

-1 -1 1 5  

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 1 

THE CONFLUENCE WITH WASH A I S  AT RIVER M I L E  0 .000 .  THE DISCHARGE I S  NOT 
CHANGED FROM THE VALUE BELOW THE CONFLUENCE TO THE VALUE ABOVE THE 
CONFLUENCE U N T I L  SECTION 0.121.  (SEE SPECIAL PROBLEM NO. 4A) 

FOREST SERVICE ROAD I S  AT RIVER M I L E  0.022 (LOW CROSSING, NO STRUCTURE) 

1 
200CT94 15 :22 :31  PAGE 2 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
Wash A S o u t h  HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995  
S e c t i o n  4.7. Page B 1  



FLOW BREAKOUTS OCCUR AT BOTH ENDS OF SECTION 0.512. RATING CURVES FOR 
THIS SECTION AND BOTH DIVIDES WERE DEVELOPED AND SUMMED TO DETERMINE 
THAT 5 5  CFS AND 2 5  CFS EXITS WASH A SOUTH ON THE LEFT AND RIGHT SIDES, 
RESPECTIVELY. THE LEFT SIDE BREAKOUT ENTERS WASH A. THE FLOW I N  WASH A 
SOUTH I S  REDUCED TO 465 CFS. (SEE SPECIAL PROBLEM NO. 1AS) 

THE CONFLUENCE WITH WASH A I S  AT RIVER MILE 0 .896 .  THE DISCHARGE I S  
CHANGED FROM THE VALUE BELOW THE CONFLUENCE TO THE VALUE ABOVE THE 
CONFLUENCE AT CROSS SECTION 0 .774 .  (SEE SPECIAL PROBLEM NO. 3A) 

PAGE 3 

1 
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R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A S o u t h  HEC-2 N a t u r a l  P r o f i l e  

March  3, 1995 



SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS 
QLOB QCH QROB ALOB ACH AROB VOL TW A 

%ME v L o a  v c H  vRoB xNL xNcH xNR wTN E LMI N 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID 

;PROF I 

CCHV- .I00 CEHV- .300 
*SECNO .658 
3720 CRIT ICAL  DEPTH ASSUMED 

.658 3.78 1583.08 1583.08 1507.00 1583.81 .73 .OO .OO 
1160.0 108.4 784.4 267.2 50.2 95.8 116.2 .O .O 

.OO 2.16 8.18 2.30 .080 .040 .080 .OOO 1579.30 
.011351 0. 0. 0. 0 22 0 .OO 196.03 

FLOW DISTRIBUTION FOR SECNO- .66 CWSEL- 1583.08 

STA- 9934. 9963. 9981. 10012. 10022. 10049. 10065. 10120. 10130. 
PER Q- 5.2 4.1 67.6 3.4 12.1 3.8 3.1 .6 

AREA- 28.5 21.7 95.8 15.0 48.3 19.4 28.0 5.4 
VEL- 2.1 2.2 8.2 2.6 2.9 2.3 1.3 1.4 

DEPTH- 1.0 1.2 3.1 1.5 1.8 1.2 .5 .5 

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
'SECNO .016 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.Ol6 3.06 1586.86 1586.86 .OO 1587.42 .57 2.69 .02 
1160.0 .O 909.2 250.8 .O 135.3 112.5 1.2 .9 

.O1 .OO 6.72 2.23 .OOO .035 .080 .OOO 1583.80 
,014028 195. 222. 190. 9 16 0 .OO 209.64 

FLOW DISTRIBUTION FOR SECNO- .02 CWSEL= 1586.86 

STA- 9914. 9971. 10019. 10060. 10080. 10101. 10122. 10144. 10146. 
PERQ-  43.0 35.3 3.9 4.3 4.9 5.4 3.0 .1 

AREA- 77.1 58.2 23.3 21.2 24.1 25.2 17.8 .9 
VEL- 6.5 7 .O 1.9 2.4 2.4 2.5 2.0 1.1 

DEPTH- 1.5 1.7 .6 1.1 1.1 1.2 .8 .4 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L  OLOSS 
QLOB QCH QROB ALOB ACH AROB VOL TWA 
VLOB VCH VROB XNL XNCH XNR WTN ELMIN 

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

CCHV- .I00 CEHV- .300 
1490 NH CARD USED 
*SECNO .028 

3265 DIV IDED FLOW 

3302 WARNING: CONVEYANCE CHANGE OUTSIDE OF ACCEPTABLE RANGE, KRATIO - 2.07 

FLOW DISTRIBUTION FOR SECNO- .03 CWSEL= 1587.89 

STA- 9838. 9866. 9914. 10020. 10045. 10063. 
PER Q- 3.7 3.9 84.0 7.6 .7 

AREA- 20.0 41.6 197.5 26.3 5.4 
VEL- 2.2 1.1 4.9 3.4 1.5 

DEPTH- 1.1 .9 1.9 1.0 .3  

CCHV- .lo0 CEHV- .300 
"SECNO ,121 

3301 HV CHANGED MORE THAN HVINS 

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

.I21 3.08 1598.28 1598.28 .OO 1599.21 .94 2.30 .21 
585.0 .O 585.0 .O .O 75.3 . O  4.0 2.9 

.04 . 00 7.77 . 00 .OOO ,030 ,000 ,000 1595.20 
.012611 525. 491. 490. 20 11 0 .OO 44.61 

FLOW DISTRIBUTION FOR SECNO- .12 CWSEL= 1598.28 

STA- 9987. 10037 
PER Q- 100.0 

AREA- 75.3 
VEL- 7.8 

DEPTH- 1.7 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
Wash A S o u t h  HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 

L-BANK ELEV 
R-BANK ELEV 
SSTA 
ENDST 

PAGE 6 

L-BANK ELEV 
R-BANK ELEV 
SSTA 
ENDST 

S e c t i o n  4.7, Page 83 



200CT94 15:22:31 

SECNO DEPTH CWSEL CRIWS WSELK EG 
@I  Q QLOB QCH QROB ALOB ACH AROB HV VOL H L TWA R-BANK ELEV 

OLOSS L-BANK ELEV 

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

PAGE 7 

CCHV- . I 0 0  CEHV- .300 
"SECNO .207 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.207 2.13 1607.53 1607.53 .OO 1608.13 .60 5.16 .03 1607.60 
585.0 .O 546.1 38.9 .O 8 5 . 0  26.3 4.9 3.7 1607.30 

.06 .OO 6.43 1 .48  .OOO .030 .070 .000 1605.40 9993.42 
.010356 445. 454. 415. 4. 19  0 .OO 112.65 10106.07 

FLOW DISTRIBUTION FOR SECNO- .21 CWSEL- 1607.53 

STA- 9993. 10052. 10071. 10072. 10089. 10106. 
PER Q- 93.4 2.0 .5  3.6 .5 
AREA- 85.0 8.9 1 .5  12.2 3.7 

VEL* 6.4 1.3 2 .0  1.7 .8 
DEPTH- 1.5 .5 .9 .7 . 2  

CCHV- . I 0 0  CEHV- ,300 
1490 NH CARD USED 
'SECNO .308 

3265 DIVIDEO FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

,308 2.92 1618.32 1618.32 .OO 1619.12 .79 5.71 .06 1619.00 
585.0 155.1 428.6 1.2 30.1 55.3 1 . 6  6.1 4.8 1618.40 

.08 5.16 7.75 RO - 0 4 1  .030 .070 .OOO 1615.40 9940.96 

FLOW DISTRIBUTION FOR SECNO- 

STA- 9941. 9945. 9950. 9956. 9959. 9967. 10025. 10030. 10033. 
PER Q- .6 5.3 15.7 4.3 .5  73.3 .1 .I 

AREA- 2.5 6.3 13.5 5 . 1  2.7 55.3 .8  .8 
VEL- 1.5 5 . 0  6.8 4.9 1.0 7.8 . 8  .8 

DEPTH- .6 1.4 2.3 1 .8  .3 1.8 . 2  .2 

e1 200CT94 15:22:31 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

TIME vLoB vRoB xNL xNcH xNR wTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

1490 NH CARD USED 
*SECNO .411 

3265 DIVIDEO FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.411 2.76 1629.56 1629.56 .OO 1630.35 .79 5.68 .OO 1630.30 
585.0 75.8 509.2 .O 22.0 67.7 .O 7.2 5.6 1630.60 

- 1 0  3.45 7.52 .OO .040 .030 .OOO .OOO 1626.80 9901.12 
,009664 545. 544. 565. 8 9 0 .OO 60.61 10027.97 

FLOW DISTRIBUTION FOR SECNO- . 4 1  CWSEL- 1629.56 

PAGE 8 

VEL- 2 .4  3.9 
DEPTH- .5 1 . 1  1.0 . 4  2.0 

CCHV- ,100 CEHV- .300 
*SECNO .512 
3280 CROSS SECTION .51 EXTENDED .32  FEET 

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

.512 3.12 1640.02 1640.02 .00 1640.53 .51  5.08 .03 1639.10 
460.0 5.5 372.5 8 2 . 1  3 . 8  58.7 55.6 8.5 6.8 1638.90 

.13 1.45 6.34 1.47 .070 ,040 .070 ,000 1636.90 9989.30 
.009594 470. 533. 515. 20  8 0 .OO 143.80 10133.10 

FLOW DISTRIBUTION FOR SECNO- .51 CWSEL= 1640.02 

STA- 9989. 9995. 10020. 10032. 10035. 10052. 10066. 10082. 10090. 10105. 10120. 10133. 
1.2 81.0 3.9 .3  .9 1.2 3.1 2.6 4.3 1.3 . 2  

PER AREA- QP 3 .8  58.7 9 . 8  1 . 1  4.6 5.2 9.6 6 .6  11.4 5.7 1 .5  
VEL= 1 . 5  6 .3  1 .8  1 . 2  .9 1.1 1.5 1 .8  1.7 1.1 .5  

DEPTH= .6  2 .4  . 8  .4 .3 . 4  .6  .8 .8 . 4  1 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
Wash A South HEC-2 N a t u r a l  P r o f i l e  

March 3 ,  1995 
S e c t i o n  4 .7 ,  Page 84 



ZOOCT94 15:22:31 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QCH QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME vLoB  vcH  vRoB xNL xNcH xNR wTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

PAGE 9 

CCHV- .I00 CEHV- .300 
*SECNO .599 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.599 2.42 1649.32 1649.32 .OO 1649.84 .52 5.13 .OO 1648.70 
540.0 38.2 399.5 102.3 21.0 60.2 55.4 9 . 8  8 . 3  1648.00 

.15 1.82 6.64 1.85 .080 .035 .080 .OOO 1646.90 9944.75 
.012984 495. 459. 440. 9 19 0 . O O  149.65 10094.40 

FLOW DISTRIBUTION FOR SECNO- .60 CWSEL- 1649.32 

STA- 9945. 9951. 9958. 9962. 9968. 9984. 10021. 10039. 10057. 10074. 10088. 10094. 
.4 PER Q- 2.0 4.0 1.7 .1  .9 74.0 7.6 3.9 4.9 2.4 . 1  

AREA- 8 .9  4 .1  1.1 5.0 60.2 19.3 12.3 14.2 8.5 1 . 1  
VEL- 1.0 2.5 2 .2  .6 1 .0  6.6 2.1 1.7 1 .9  1.5 .6 

DEPTH- . 3  1 .3  1 . 1  .2 . 3  1.6 1 .0  .7  . 8  .6 .2  

1490 NH CARD USED 
*SECNO .682 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.682 2.74 1658.14 1658.14 .OO 1658.50 .36 5 .25  .02 1657.70 
540.0 4.2 251.5 284.3 5.0 37.8 130.0 11.3 10.2 1657.50 

.18 .85 6.66 2.19 .080 .035 .062 .OOO 1655.40 9973.66 
.011676 415. 438. 410. 11 8 0 . O O  247.11 10220.77 

FLOW DISTRIBUTION FOR SECNO- .68 CWSEL- 1658.14 

STA- 9974. 9994. 10015. 10052. 10101. 10138. 10153. 10159. 10166. 10171. 10194. 10221. 
. 8  46.6 3 . 8  5.5 8.0 6.1 7.2 11.8 5.4 3.4 1.6 

PER AREA= Q' 5 .0  37.8 16.8 23.7 26.2 15.9 8.0 10.9 6.7 13.0 8.7 
VEL- .9 6.7 1 .2  1.2 1.7 2.1 4.8 5 . 8  4 .3  1.4 1.0 

DEPTH- .2  1.8 . 5  .5 .7 1. I 1 . 3  1.7 1 . 1  .6 . 3  

1490 NH CARD USED 
"SECNO .774 

200CT94 15:22:31 PAGE 10 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB TWA R-BANK ELEV 

%ME vLoB  vRoa xNL  xNcH xNR wTN ELMIN ssTA  
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

1530 MANNINGS N VALUES FOR CHANNEL COMPOSITED 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.774 2.30 1669.80 1669.80 . O O  1670.13 .33 8.64 .OO 1669.90 
1080.0 . O  732.2 347.8 . O  140.7 118.4 13.7 13.7 1668.40 

.21 .OO 5.20 2.94 .OOO .036 .066 . O O O  1667.50 9820.64 
,022139 565. 486. 505. 9 10 0 .OO 372.57 10229.50 

FLOW DISTRIBUTION FOR SECNO- .77 CWSEL- 1669.80 

STA- 9821. 9857. 9867. 9886. 9978. 10012. 10033. 10062. 10085. '10145. 10210. 10215. 10229. 
PER Q- 3.8 1 4 6 10.6 48.7 6 . 3  5.2 5.0 3 .0  8 .6  3 .5  .6  
AREA- 11.8 1 . 5  1 2 0  56.9 58.5 23.0 23.3 20.9 20.6 19.8 6.1 4.7 

VEL- 3.5 . 8  4 .2  2.0 9.0 3.0 2.4 2.6 1 .6  4.7 6 . 1  1.5 
DEPTH- .4 .2 .7  .6 1.7 1.1 . 8  .9 . 3  . 3  1 .2  .3  

CCHV- .I00 CEHV- ,300 
1490 NH CARD USED 
*SECNO .867 

3265 DIV IDED FLOW 

FLOW DISTRIBUTION FOR SECNO* .87 CWSEL= 1680.53 

STA- 9749. 9815. 9873. 9881. 9901. 9910. 9923. 10000. 10017. 10072. 10100. 10103. 10112. 
PER Q- 3.1 8 .8  7.0 5.1 1.5 12.9 19.3 5.6 4.7 3.1 3.4 13.4 

AREA- 18.6 21.6 11.2 19.2 6.9 17.5 74.1 11.8 27.5 16.4 5.2 16.2 
VEL- 1 . 8  4.4 6 .8  2.8 2.3 7 .9  2.8 5 .1  1.8 2.0 7 . 1  8.9 

DEPTH- . 3  .4 1 . 3  1 .0  .7 1 . 3  1.0 .7 .5  .6 1 .5  1.9 

STA- 10112. 10125. 10176. 10193. 
PER 9- 5.2 6.6 .5  

AREA- 11.0 27.9 4.3 

R i o  Ve rde  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A S o u t h  HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7. Page 85 



VEL- 5. I 2 . 6  1 . 2  
DEPTH- .8 . 5  . 3  

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

HEC-2 WATER SURFACE PROFILES 

PAGE 11 

T H I S  RUN EXECUTED 2 0 0 C T 9 4  1 5 : 2 2 : 3 5  

V e r s i o n  4 . 6 . 2 ;  M a y  1 9 9 1  .................................... 

NOTE- ASTERISK (*) AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUMMARY OF ERRORS L I S T  

WASH A SOUTH 

SUMFlARY PRINTOUT 

SECNO E L M I N  CWSEL Q VCH DIFWSX TOPWID DEPTH SSTA ENDST QLOB QROB ELTRD 

SUMMARY OF ERRORS AND S P E C I A L  NOTES 

CAUTION SECNO- . 6 5 8  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 

CAUTION SECNO- . 0 1 6  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 0 1 6  PROFILE-  1 M I N I M U M  S P E C I F I C  ENERGY 

WARNING SECNO- . 0 2 8  PROFILE-  1 CONVEYANCE CHANGE OUTSIDE ACCEPTABLE RANGE 

CAUTION SECNO- , 1 2 1  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- , 1 2 1  PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- . I 2 1  PROFILE-  1 2 0  T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- . 2 0 7  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 2 0 7  PROFILE-  1 M I N I M U M  S P E C I F I C  ENERGY 

CAUTION SECNO- , 3 0 8  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 3 0 8  PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO- . 4 1 1  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 4 1 1  PROFILE-  1 M I N I M U M  S P E C I F I C  ENERGY 

CAUTION SECNO- . 5 1 2  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 5 1 2  PROFILE-  1 PROBABLE MINIMUM S P E C I F I C  ENERGY 
CAUTION SECNO- . 5 1 2  PROFILE-  1 2 0  T R I A L S  ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- , 5 9 9  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- , 5 9 9  PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO- . 6 8 2  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 6 8 2  PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

CAUTION SECNO- . 7 7 4  PROFILE-  1 C R I T I C A L  DEPTH ASSUMED 
CAUTION SECNO- . 7 7 4  PROFILE-  1 MINIMUM S P E C I F I C  ENERGY 

PAGE 1 2  

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash A S o u t h  HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3 .  1 9 9 5  
S e c t i o n  4 .7 ,  P a g e  86 
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]**************"***l**t***t*****************a 
HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1991  

* RUN DATE 09AUG94 TIME 13 :35 :20  ............................................. 

X  X  
X  X  
X X  
X X X X X X X  
X X  
X  X  
X  X  

X X X X X X X  
X  
X  
X X X X  
X  
X  
X X X X X X X  

X X X X X  
X X  
X  
X  
x 
X  X  

X X X X X  

X X X X X  

* U.S. ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 
* 609  SECOND STREET, SUITE D 
* DAVIS, CALIFORNIA 95616-4687 * 

(916) 756-1104 
**********".*t*********"****""*"****""* 

X X X X X  
X  X  

X  
X X X X X  

X  
X  
X X X X X X X  
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THIS RUN EXECUTED 09AUG94 13:35:20 
...**.* ***************"**""tt."""*""" 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2: May 1991  
* * l * * * " * * * * . * * * " " " * " * * X X X * * X * " " * " * * * ~  

T 1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT FCD 93-06 
RIO VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE, INC. 

T 7  T2 WPiSH F (NATURAL) L .  CULLER - (602)244-8100 . - 
T4 JOB. 15183 P R I ~ I ~ ~ \ E T C \ \ ~ A ~ H F \ W A ~ H F .  I H 2  RUN 1 

J 1  ICHECK INQ NINV I D I R  STRT METRIC HVINS Q WSEL FQ 

2 -1 1507 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLOC IBW CHNIM ITRACE 

-1 -1 15  

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 

1 

09AUG94 13:35:20 PAGE 2 

FOREST SERVICE ROAD I S  AT RIVER MILE 0.385 (LOW CROSSING, NO STRUCTURE) 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
Wash F HEC-2 N a t u r a l  P r o f i l e  

March  3, 1995 
S e c t i o n  4.7,  Page C 1  



SECTION 0.480 CONTOURS ARE ALTERED FROM STA. 9875.8 TO STA. 9919.2 
TO REFLECT EFFECTIVE FLOW CONDITIONS - SEE SPECIAL PROBLEM NO. 30  

5 a .: 1.034. 
.08 9942.7 .04 9958.4 .08 9966.8 .04 10021.0 .07 

X1 .480 20 9966.8 10021.0 470 450 475 
GR 1604.0 9875.8 1604.0 9880.5 1604.0 9890.0 1604.0 9893.0 1602.2 9919.2 
GR 1602.2 9931.1 1601.8 9942.7 1600.5 9950.8 1600.7 9954.1 1602.4 9958.4 
GR 1602.9 9966.8 1602.1 9975.6 1601.1 9978.9 1601.3 9985.7 1602.2 9990.5 
GR 1601.2 9997.9 1601.2 10000.0 1601.0 10014.5 1605.5 10021.0 1607 .O 10034.0 

SECTION 0.683 FLOODED AREA I S  BEING SHOWN AS SPLIT FLOODED AREA 
WITHOUT THE FLOW OR THE PROFILE BEING CALCULATED FOR THE SPLIT CHANNEL 
SEE SPECIAL PROBLEM NO. 29 

1 
09AUG94 13:35:20 PAGE 3 

SECTION 0.790 FLOODED AREA I S  BEING SHOWN AS SPLIT FLOODED AREA 
WITHOUT THE F L W  OR THE PROFILE BEING CALCULATED FOR THE SPLIT CHANNEL 
SEE SPECIAL PROBLEM NO. 28  

1 
09AUG94 13:35:20 PAGE 4 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOB . ACH AROB VOL TWA R-BANK ELEV 

%ME v LOB vRoB xNL xNcH xNR WTN ELMIN SSTA 
SLOPE XLOBL XLCH XLOBR ITRIAL IDC ICONT CORAR TOPWID ENDST 

CCHV- . I 0 0  CEHV- .300 
*SECNO .000 
3720 CRITICAL DEPTH ASSUMED 

.OOO 1.18 1526.78 1526.78 1507.00 1527.29 .51  . 00 .OO 1535.30 
610.0 . n ? n  n .O . O  106.2 .O .O .O 1535.30 

- 0 0  . OL -.,- ,000 1525.60 9913.?5 

FLOW DISTRIBUTION FOR SECNO- .OO CWSEL= 1526.78 

STA- 9933. 10048. 
PER Q- 100.0 
AREA= 106.2 

VEL- 5.7 
DEPTH- 1 .O 

CCHV- . I 0 0  CEHV- .300 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
Wash F HEC-Z N a t u r a l  P r o f i l e  

March 3, 1995 
S e c t i o n  4.7, Page C2 



FLOW DISTRIBUTION FOR SECNO- 

STA- 9914. 10037. 
PER 0- 100.0 
ii~~i- i17.2 

VEL- 5.2 
DEPTH- 1.1 

CCHV- .I00 CEHV- .300 
*SECNO .I95 

3301 HV CHANGED MORE THAN HVINS 

SECNO DEPTH CWSEL 
QLOB 

?IME vLoB 9:; 
SLOPE XLOBL XLCH 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.I95 2.39 1561.39 
610.0 .O 610.0 

.05 .OO 7.81 
.024733 425. 528. 

FLOW DISTRIBUTION FOR SECNO* 

STA- 9986. 10029. 
PER Q- 100.0 

AREA- 78.2 
VEL- 7.8 

DEPTH- 1.9 

CCHV- .I00 CEHV- .300 
*SECNO ,305 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.305 2.50 1578.70 

FLMJ DISTRIBUTION FOR SECNO- 

STA- 9974. 10016. 
PER Q- 100.0 

AREA- 77.8 

1490 NH CARD USED 
*SECNO .374 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.370 2.15 1587.45 

PAGE 5 

CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QROB ALOE ACH AROB VOL TWA R-BANK ELEV 
VROB XNL XNCH XNR WTN ELMIN SSTA 
XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENOST 

.I9 CWSEL- 1561.39 

.31 CWSEL- 1578.70 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOE ACH AROB TWA R-BANK ELEV 
VLOB 9 VROB XNL XNCH XNR "OL ELMIN SSTA WTN 

SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENOST 

FLOW DISTRIBUTION FOR SECNO- .37 CWSEL- 1587.45 

STA- 9923. 9930. 9939. 9948. 9951. 9965. 9981. 10018. 
3.3 15.8 14.7 1.6 .4 .9 63.4 

PER AREA- 5.0 14.4 13.7 2.5 2.8 4.7 57.6 
VEL- 4.0 6.7 6.5 4.0 .9 1.1 6.7 

DEPTH- .7 1.6 1.5 .8 - .2 .3 1.6 

1490 NH CARD USED 
*SECNO .390 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.390 2.11 1589.71 1589.71 .OO 1590.25 .55 1.60 .OO 1589.50 
610.0 163.8 445.8 .5 31.7 71.9 .7 4.4 3.5 1589.50 

.09 5.17 6.20 .65 ,040 .040 ,070 ,000 1587.60 9911.62 
.019558 85. 85. 85. 7 8 0 .OO 103.91 10035.32 

R i o  V e r d e  N o r t h  Floodplain Delineation S t u d y  
Wash F HEC-2 N a t u r a l  Profile 

March 3, 1995 

PAGE 6 

S e c t i o n  4.7, Page C 3  



FLOW DISTRIBUTION FOR SECNO- .39 CWSEL. 1589.71 

STA- 9912. 9921. 9932. 9939. 9944. 9974. 10029. 10035. 
PER Q- 3 . 3  13.5 8.2 1.8 . I  73.1 .1  

AREA- @ VEL- 5.5 13.6 8 . 4  
3.2 1.0 71.9 .7 

3.7 6.0 5 .9 3.5 .6 6 .2  .7 
DEPTH- .6 1.3 1.2 .6 . O  1.3 .1 

1490 NH CARD USED 
"SECNO .480 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.480 2.27 1602.77 1602.77 .OO 1603.31 .54 9.86 . O O  1602.90 
610.0 236.0 374.0 . O  44.9 59.8 .O 5.6 4.6 1605.50 

. I 1  5.25 6.26 . O O  .046 .040 .OOO . O O O  1600.50 9910.85 
.022233 470. 475. 450. 11 8 0 . O O  102.68 10017.06 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME vLoB vRoB xNL xNcH xNR wTN ELMIN ssTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .48 CWSEL- 1602.77 

STA- 9911. 9943. 9951. 9954. 9958. 9965. 10021. 
PER Q- 6.0 16.4 10.9 5.2 .2 61.3 

AREA- 18.2 13.1 7 .2  5 .3  1.2 59.8 
VEL- 2.0 7.6 9 . 3  6.0 .9  6 .3  

DEPTH- .6 1.6 2.2 1.2 .2  1 .2  

1490 NH CARD USED 

FLOW DISTRIBUTION FOR SECNO- .57 CWSEL- 1613.82 

STA- 9922. 9947. 9954. 9965. 9986. 9994. 10016. 10030. 
PER Q- 28.3 20.1 10.7 10.3 2.1 28.1 .4  

AREA- 22.7 13.7 16.2 20.9 5.2 25.6 2 .4  
VEL- 7.6 9.0 4.0 3.0 2.5 6.7 1.1 

DEPTH- . 9  1 .8  1 .5  1.0 .7 1 . 1  .2 

1490 NH CARD USED 
"SECNO .683 

3265 DIVIDED FLOW 

FLOW DISTRIBUTION FOR SECNO- .68 CWSEL- 1628.49 

STA- 9815. 9828. 9839. 9848. 9853. 9880. 10018. 10051. 10059. 
PER Q- 8.7 22.3 19.5 3.4 .4  39.7 5.7 . 3  

AREA- 11.7 19.2 16.5 4.6 2.1 41.6 15.7 1.9 
VEL- 4.5 7.1 7.2 4.5 1.1 5.8 2.2 1.1 

DEPTH- .9 1.7 1 .8  . 9  . 1  1 .1  .5  .2  

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS 
QLOB QROB ALOB ACH AROB VOL TWA 

?IME VLOB $3 "ROB XNL XNCH XNR WTN ELMIN 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID 

1490 NH CARD USED 
"SECNO .790 

3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.790 2.06 1641.46 1641.46 . O O  1642.09 .63 8.85 .03 
610.0 22.5 400.3 187.2 12.6 55.6 40.8 9.5 8 . 5  

. I 8  1.79 7.20 4.58 .080 .035 .042 ,000 1639.40 

FLOW DISTRIBUTION FOR SECNO- .79 CWSEL= 1641.46 

STA- 9958. 9968. 9977. 10010. 10022. ' 10140. 10150. 10157 

PAGE 7 

PAGE 8 

R i o  Verde N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash F HEC-2 N a t u r a l  P r o f i l e  

March 3, 1995 
S e c t i o n  4.7, Page C 4  



SUMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO- .000 PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 

CAUTION SECNO- . I 9 5  PROFILE= 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . I 9 5  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 3 0 5  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .305 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 3 7 4  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 3 7 4  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- .390 PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 3 9 0  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- .480 PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .480 PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 6 8 3  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 6 8 3  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- .790  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 7 9 0  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 8 5 6  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .856  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 9 6 1  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 9 6 1  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash F HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4 .7 ,  Page C6 



1 . 2  
5.1  

2 . 5  
AREA- 7.5 

VEL- 1.5 2.0 
DEPTH- .5 .9 

CCHV- ,100 CEHV- .300 
*SECNO .856 
7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

.856 2.33 1650.43 

FLOW D I S T R I B U T I O N  FOR SECNO* .86 CWSEL- 1650.43 

STA- 9969. 9976. 10018. 
PER Q- . 3  99.7 

AREA- 1.9 78.0 
VEL- .9 7.8 

DEPTH- .3 1.9 

CCHV- ,100 CEHV- .030 
1 

09AUG94 13:35:20 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME VLOB ? VROB XNL XNCH XNR WTN E L M I N  SSTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  I D C  ICONT CORAR TOPWID ENDST 

'SECNO .961 
7185 MINIMUM S P E C I F I C  ENERGY 
3720 C R I T I C A L  DEPTH ASSUMED 

.961 2.39 1661.79 1661.79 .OO 1662.76 .97 8 .08  .OO 1663.00 
610.0 .O 610.0 .O .O 77.1 .O 11.2 9.6 1662.90 

.21 .OO 7 .91  .OO .OOO .035 .OOO .OOO 1659.40 9979.36 
.015136 550. 549. 555. 4 8 0 .OO 40.07 10019.42 

FLOW D I S T R I B U T I O N  FOR SECNOm .96 CWSEL= 1661.79 

STA- 9979. 10020. 
PER Q- 100.0 

AREA- 77.1 
VEL- 7.9 

DEPTH- 1.9 

PAGE 9 
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T H I S  RUN EXECUTED 09AUG94 13:35:21 
*.*t*********.***"****""***"******~*f 

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; M a y  1991 
..****.*.*.*"******"*"nn*****~""**~~" 

NOTE- ASTERISK ( * )  AT LEFT OF CROSS-SECTION NUMBER I N D I C A T E S  MESSAGE I N  SUMMARY OF ERRORS L I S T  

WASH F 

SUtMARY PRINTOUT 

SECNO 

'000 

,095 

. I 9 5  

,305 

,374 

,390 

,480 

.569 

,683 

,790 

.856 

.961 

E L M I N  

1525.60 

1542.60 

1559.00 

1576.20 

1585.30 

1587.60 

1600.50 

1612.00 

1626.60 

1639.40 

1648.10 

1659.40 

CWSEL 

1526.78 

1544.75 

1561.39 

1578.70 

1587.45 

1589.71 

1602.77 

1613.82 

1628.49 

1641.46 

1650.43 

1661.79 

VCH DIFWSX 

5 .74  .oo 

5 .20  17 .98  

7 . 8 1  16.63 

7 .84  17.32 

6 .71  8.75 

6.20 2.25 

6 .26  13.07 

6.68 11.04 

5.83 14.68 

7 .20  12.97 

7 .80  8.97 

7.91 11.36 

TOPWID 

104.79 

111.06 

41.70 

41.34 

94.50 

103.91 

102.68 

108.60 

116.25 

94.78 

47.39 

40.07 

DEPTH 

1.18 

2.15 

2.39 

2.50 

2.15 

2.11 

2.27 

1.82 

1.89 

2.06 

2.33 

2.39 

SSTA 

9933.38 

9913.66 

9986.14 

9974.06 

9922.60 

9911.62 

9910.85 

9921.78 

9814.88 

9958.40 

9969.13 

9979.36 

ENDST 

10038.17 

10024.73 

10027.84 

10015.41 

10017.10 

10035.32 

10017.06 

10030.38 

10058.95 

10157.06 

10016.52 

10019.42 

QLOB 

.oo 

. 00 

.oo 

.oo 

223.19 

163.78 

235.98 

436.20 

330.97 

22.48 

1.72 

.oo 

QROB 

.oo 

.oo 

. 00 

.oo 

. 00 

.46 

.oo 

2.62 

36 .61  

187.21 

.oo 

.oo 

1 
09AUG94 13:35:20 PAGE 11 

ELTRD 

. 00 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

.oo 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash F HEC-2 N a t u r a l  P r o f i l e  

March 3, 1995 
S e c t i o n  4.7 , P a g e  C5 



WASH ]I 



l*.**"L.*".'..*"**"*******"**tt******~*"*"* 

HEC-2 WATER SURFACE PROFILES 

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

RUN DATE 09AUG94 TIME 13 :31 :10  * 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

X  X  X X X X X X X  X X X X X  X X X X X  
X  X X  X  X  X  X  
X  X X  X  X  
X X X X X X X  X X X X  X  X X X X X  X X X X X  
X  X X  X  X 
X  X X  X  X  X  
X  X  X X X X X X X  X X X X X  X X X X X X X  

* * * * * * * * * * * n * * * * * * n * n * n * * * n * * n * * * * * n * * *  
" U . S .  ARMY CORPS OF ENGINEERS 
* HYDROLOGIC ENGINEERING CENTER 
* 6 0 9  SECOND STREET, SUITE D 
* DAVIS, CALIFORNIA 95616 -4687  

(916)  7 5 6 - 1 1 0 4  
* * * * * * * * * * * * * X * * * f * * * * * * * * * * * * " " * * * * * " *  

PAGE 1 

THIS RUN EXECUTED 09AUG94 13 :31 :10  
..................................... 
HEC-2 WATER SURFACE PROFILES 

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

T I  FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - CONTRACT 9 3 - 0 6  
T2  R IO  VERDE NORTH FLOODPLAIN DELINEATION STUDY BY BURGESS & NIPLE,  INC. 
T3 WASH I (NATURAL) L .  CULLER - (602 )244 -8100  
T4  JOB 15183  PR15183\ETC\WASHI\WASHI.IH2 RUN 1 

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

2 -1 1507 

J 2 N P R O F  IPLOT PRFVS XSECV XSECH FN ALLDC IBW CHNIM ITRACE 

-1 -1 I 5  

5 3  VARIABLE CODES FOR SUMMARY PRINTOUT 

FOREST SERVICE ROAD I S  AT RIVER MILE  0 . 1 8 7  (LOW CROSSING, NO STRUCTURE) 

PAGE 2 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S tudy  
Wash I HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995  
S e c t i o n  4.7,  Page D l  



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

QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME vLoB  vRoB xNL xNcH xNR wTN ELMIN SSTA 

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

'PROF 1 
0 

CCHV- ,100 CEHV- .300 
*SECNO .000 
3720 CRIT ICAL  DEPTH ASSUMED 

.OOO 2.81 1529.51 1529.51 1507.00 1530.55 1.04 .OO .OO 1532.80 
1530.0 .O 1530.0 .O .O 186.9 .O .O .O 1533.60 

.OO .OO 8.18 .OO .OOO .035 .OOO .OOO 1526.70 9969.08 

.014543 0. 0. 0. 0 22 0 .OO 91.63 10060.71 

FLOW DISTRIBUTION FOR SECNO- .OO CWSEL= 1529.51 

STA- 9969. 10079. 
PER Q- 100.0 

AREA- 186.9 
VEL- 8.2 

DEPTH- 2.0 

PAGE 3 

FLOW DISTRIBUTION FOR SECNO- .01 

STAP 9956. 10049. 
PER Q= 100.0 

AREA- 177.8 
VEL- 8.6 

DEPTH- 2.3 

"SECNO .076 
3685 20 TRIALS ATTEMPTED WSEL.CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 

SECNO DEPTH CWSEL CRIWS 
Q QLOB QROB 
TIME vLoB 9Et: vRoB 
SLOPE XLOBL XLCH XLOBR 

3720 CRITICAL DEPTH ASSUMED 
.076 3.31 1552.21 1552.21 

1350.0 .O 1350.0 .O 
.01 .OO 8.15 .OO 

.014775 360. 338. 340. 

FLOW DISTRIBUTION FOR SECNO= .08 

PAGE 4 

WSELK EG HV H L OLOSS L-BANK ELEV 
ALOB ACH AROB VOL TWA R-BANK ELEV 
XNL XNCH XNR WTN ELMIN SSTA 
I T R I A L  IDC ICONT CORAR TOPWID ENDST 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  Study 
Wash I HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7, Page D2 



STA- 9941. 10028. 
PER Q- 100.0 

AREA- 165.7 
VEL- 8.1 

DEPTH- 2.0 

CCHV- .I00 CEHV- ,300 
GSECNO .,,I 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.I81 2.80 1576.00 1576.00 
1350.0 .O 1349.7 .3 

.03 .OO 7.97 1.09 
.019207 535. 554. 560. 

FLOW DISTRIBUTION FOR SECNO- .I8 

STA- 9950. 10038. 10039. 
PER Q- 100.0 .O 

AREA- 169.4 .3 
VEL- 8.0 1.1 

DEPTH- 1.9 .2 

"SECNO .I91 
3685 20 TRIALS ATTEMPTED WSEL,CWSEL 
3693 PROBABLE MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.I91 2.20 1577.80 1577. 
1350.0 .O 1350.0 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L  OLOSS L-BANK ELEV 
QLOB QCH QROB ALOE ACH AROB VOL TWA R-BANK ELEV 

&ME vLoB vcH  vRoB xNL xNcH XNR wTN ELMIN ssTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IOC ICONT CORAR TOPWID ENDST 

FLOW DISTRIBUTION FOR SECNO- .19 CWSEL- 1577.80 

STA- 9924. 10045. 
PEA 0- 100.0 . 

ARE& 181.6 
VEL- 7.4 

DEPTH- 1.7 

1490 NH CAR0 USED 
*SECNO .270 - 
3265 DIVIDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.270 1.87 1593.17 1593.17 .OO 1593.79 .62 8.41 .02 1592.40 
1350.0 2.3 1212.8 134.8 1.5 187.3 29.1 5.9 3.4 1592.30 

.05 1.58 6.48 4.64 .070 .040 .042 .OOO 1591.30 9880.51 
.020276 390. 417. 420. 3 15 0 .OO 188.48 10099.43 

FLOW DISTRIBUTION FOR SECNO- .27 CWSEL- 1593.17 

STA- 9881. 9884. 10023. 10098. 10099. 
.2 89.8 9.8 .2 

PER AREA- Q- 1.5 187.3 28.2 .8 
VEL- 1.6 6.5 4.7 3.1 

DEPTH- .4 1.4 .4 .5 

CCHV- .I00 CEHV- .300 
*SECNO .363 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRITICAL DEPTH ASSUMED 

.363 2.04 1609.54 1609.54 .OO 1610.19 .65 9.54 .01 1608.10 
1350.0 3.3 1291.3 55.5 1.6 195.1 26.6 8.3 5.4 1608.50 

.07 2.08 6.62 2.09 .070 .040 ,070 ,000 1607.50 9910.61 
.018876 515. 491. 445. 4- 8 0 .OO 185.99 10096.60 

FLOW DISTRIBUTION FOR SECNO= .36 CWSEL= 1609.54 

SECNO DEPTH CWSEL CRIWS WSELK EG HV H L OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

TIME vLoB 8:; vRos xNL  xNct i  xNR wTN ELMIN ssTA 
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

CWSEL- 1576.00 

PAGE 5 

PAGE 6 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash I HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7, Page 03 



1490 NH CARD USED 
"SECNO .451 

3265 DIV IDED FLOW 

7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED 

.451 2.10 1623.70 
1350.0 5.8 1018.9 

.09 1.86 6.98 
.017589 505. 465. 

FLOW DISTRIBUTION FOR SECNO- .45 CWSEL- 1623.70 

CCHV- .lo0 CEHV- .300 

FLOW DISTRIBUTION FOR SECNO- .54 CWSEL- 1638.42 

STA- 9966. 9970. 10037. 10063. 10070. 
PER Q- .I 87.6 10.9 1.3 

AREA- 1.4 143.2 39.3 6.7 
VEL- 1.4 8.3 3.8 2.5 

DEPTH- .4 2.1 1.5 .9 

SECNO DEPTH CWSEL CRIWS WSELK EG HV HL OLOSS L-BANK ELEV 
QLOB QROB ALOB ACH AROB VOL TWA R-BANK ELEV 

%ME vLoB  9:; vRos xNL xNcH xNR wTN ELMIN ssTA  
SLOPE XLOBL XLCH XLOBR I T R I A L  IDC ICONT CORAR TOPWID ENDST 

1490 NH CARD USED 
*SECNO .625 
7185 MINIMUM SPECIFIC ENERGY 
3720 CRIT ICAL  DEPTH ASSUMED @ 6 2 5  2.58 1650.58 1650.58 .OO 1651.57 .99 8.00 .O1 1648.40 

1350.0 23.2 1310.9 15.8 7.9 162.0 7.5 14.9 10.0 1649.30 
.I3 2.93 8.09 2.11 .070 .040 .070 .OOO 1648.00 9935.64 

.OX7986 445. 444. 445. 10 8 0 .OO 97.18 10032.82 

FLOW DISTRIBUTION FOR SECNO- .63 CWSEL= 1650.58 

STA- 9936. 9943. 10021. 10033. 
1.7 97.1 
7.9 162.0 

1.2 
AREA- 7.5 

VEL- 2.9 8.1 2.1 
DEPTH- 1.1 2.1 .6 

PAGE 7 

PAGE 8 

THIS  RUN EXECUTED 09AUG94 13:31:11 
* * * * . * * * * * * * * * . X * * " " " " * " ~ . ~ " * * * * * * *  

HEC-2 WATER SURFACE PROFILES 

V e r s i o n  4.6.2; May 1991 
* * * * * * X * * * * " * * * " * * * * * " * " * * * * * * " " * * " * ~  

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

WASH I 

SUMMARY PRINTOUl 

SECNO ELMIN CWSEL Q VCH DIFWSX TOPWID DEPTH SSTA ENDST QLOB QROB ELTRD 

.000 1526.70 1529.51 1530.00 8.18 .OO 91.63 2.81 9969.08 10060.71 .OO .OO .OO 

.032 1531.00 1534.21 1530.00 8.60 4.70 77.75 3.21 9956.23 10033.98 .OO .OO .OO 

.076 1548.90 1552.21 1350.00 8.i5 18.00 82.87 3.31 9940.86 10023.72 .OO .OO . 00 

.I81 1573.20 1576.00 1350.00 7.97 23.79 88.62 2.80 9950.47 10039.09 .OO .29 .OO 

.I91 1575.60 1577.80 1350.00 7.43 1.81 107.83 2.20 9924.07 10031.91 .OO .OO .OO 

.270 1591.30 1593.17 1350.00 6.48 15.37 188.48 1.87 9880.51 10099.43 2.31 134.84 .OO 

R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  
Wash I HEC-2 N a t u r a l  P r o f i l e  

M a r c h  3, 1995 
S e c t i o n  4.7, Page 04 



1 
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SUMARY OF ERRORS AND SPECIAL NOTES 

CAUTION SECNO- .OOO PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 

CAUTION SECNO- ,012 PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .012 PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- .012  PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .076  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .076 PROFILE= 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- . 0 7 6  PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- . l 8 l  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . I 8 1  PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- . I 8 1  PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- . I 9 1  PROFILE= 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . I 9 1  PROFILE- 1 PROBABLE MINIMUM SPECIFIC ENERGY 
CAUTION SECNO- . I 9 1  PROFILE- 1 2 0  TRIALS ATTEMPTED TO BALANCE WSEL 

CAUTION SECNO- .270 PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- .270  PROFILE= 1 MINIMUM SPECIF IC  ENERGY 

CAUTION SECNO- .363  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 3 6 3  PROFILE- 1 MINIMUM SPECIFIC ENERGY 

CAUTION SECNO- . 4 5 1  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- ,451  PROFILE= 1 MINIMUM SPECIF IC  ENERGY 

CAUTION SECNO- . 5 4 1  PROFILE- 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 5 4 1  PROFILE- 1 MINIMUM SPECIF IC  ENERGY 

CAUTION SECNO- .625 PROFILE. 1 CRIT ICAL  DEPTH ASSUMED 
CAUTION SECNO- . 6 2 5  PROFILE- 1 MINIMUM SPECIF IC  ENERGY 

a F i l e  = WASHI.OH2 
R i o  V e r d e  N o r t h  F l o o d p l a i n  D e l i n e a t i o n  S t u d y  

Wash I HEC-2 N a t u r a l  P r o f i l e  
M a r c h  3 ,  1995  

S e c t i o n  4.7, Page D5 



SECTION 4: Hydraulic Analysis 
4.8 Project Input Data 

File on Diskettes 



KEY TO COMPUTER FILES 

Input Output 
File File Description 

Special Problem 1A 

Special Problem 2A 

Special Problem 2A 

Special Problem 1AS 

Wash A 

Wash A South 

Wash F 

Wash I 
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SECTION 7.1: Other Studies Impacted 

There are no detailed studies of record for this watershed. The floodplain delineation study for Rio 

Verde-South is adjacent to the southerly boundary of this study area and is currently being prepared. The 

two studies have been coordinated. 
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KEY TO CROSS-SECTION (XS) LABELING 

Prepared By: 
SC: Larry D. Culler 

TEC : 

Date Prepared: 
SC: March 1995 

TEC: 

Community Name: Maricopa County 
State: Arizona 

Stream Name: Un-named Wash A 
Run Date: October 20, 1994 

Field Survey XS Letter Computer XS Letter 
Section No. Draft FIS Stationing Final FIS 



KEY TO CROSS-SECTION (XS) LABELING 

Prepared By: 
SC: Larry D. Culler 

TEC : 
Community Name: Maricopa County 
State: Arizona 

Date Prepared: 
SC: March 1995 

TEC: 
Stream Name: Un-named Wash A South 
Run Date: October 20, 1994 

Field Survey XS Letter Computer XS Letter 
Section No. Draft FIS Stationing Final FIS 



Prepared By: 
SC: Larry D. Culler 

TEC : 

Date Prepared: 
SC: March 1995 

TEC: 

KEY TO CROSS-SECTION (XS) LABELING 

Community Name: Maricopa County 
State: Arizona 

Stream Name: Un-named Wash F 
Run Date: August 9, 1994 

Field Survey XS Letter Computer XS Letter 
Section No. Draft FIS Stationing Final FIS 



Prepared By: 
SC: Larry D. Culler 

TEC: 

Date Prepared: 
SC: March 1995 

TEC: 

KEY TO CROSS-SECTION (XS) LABELING 

Community Name: Maricopa County 
State: Arizona 

Stream Name: Un-named Wash I 
Run Date: August 9, 1994 

Field Survey XS Letter Computer XS Letter 
Section No. Draft FIS Stationing Final FIS 




