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1.0 INTRODUCTION

1.1 Background

The Flood Control District of Maricopa County (FCDMC) has contracted (FCD #95-39)

with Sverdrup Civil, Inc. (Sverdrup) to complete tlnal design plans and construction

documents for the channelization of Bullard Wash between the Gila River and Lower

Buckeye Road. Wood, Patel & Associates, Inc., as a sub-eonsultant, has been assisting

Sverdrup on several tasks, more specifically, hydraulics, sediment transport, and scour

analysis for the proposed design.

The flooding potential of the area has been preViously studied in the White Tanks/Agua Fria

Area Drainage Master Study (ADMS) prepared by the WLB Group and submitted to the

FCDMC in October, 1992. In addition, the Bullard Wash Outfall Feasibility Study, Final

Design Concept Report for Recommended Alternative was prepared for the District by

Stanley Consultants, Inc. (Stanley) and submitted in September 1995. That Report

documented a recommended alternative for the Bullard Wash Outfall Channel. Subsequent

to the Stanley Report, the FCDMC has selected a horizontal alignment of the channel and

type of channel lining, including typiCal cross-sections, with input from the City of

Goodyear, Maricopa County Department of Transportation (MCDOT), and Sverdrup.

Bullard Wash is approximately eight miles long, and originates just south of Luke Air Force

Base near Bethany Home Road. The wash continues south between Estrella Parkway

(fonnerly Reems Road) and Bullard Avenue. The outfall of Bullard Wash has been

encroached upon, and in some locations almost completely obliterated due to farming

activities over the years. The Bullard Wash Channel ends near the Maricopa County

Highway Route 85 (MC 85) - Estrella Parkway intersection, with only a minor roadside

ditch and 42" cmp outfall pipe to convey low flows to the Gila River. Due to various

encroachments and the elimination of a positive outfall, the area is subject to substantial

flooding, as documented in the White Tanks/Agua Fria ADMS.

The project area lies entirely within the incorporated limits of the City of Goodyear between

Sarival Road on the west, Bullard Avenue on the east, Yuma Road on the north, and the Gila

River on the south. The Bullard Wash Floodplain upstream from Yuma Road is relatively

free from encroachment, diversions, and obstruction and was, therefore, not included in this

project. This submittal documents Phases 1 and 2 of the Bullard Wash Outfall Channel

from the Gila River to Lower Buckeye Road.
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There are major transportation facilities located within the study area involving the

jurisdictions of MCDOT (MC 85), the City of Phoenix (Phoenix - Goodyear Municipal

Airport), the Union Pacific Railroad (UPRR, formerly Southern Pacific Railroad), as well

as the local roadways within the City of Goodyear right-of-way. The study area also

includes jurisdictions of the Buckeye Irrigation District (BID) and the Roosevelt Irrigation

District (RID). There are also numerous major utilities within the study area. Figures I and

2 indicate the location and vicinity of this project.

The results of this project are documented in two separate technical data notebook volumes

with this report being Volume Two. The sister report to this is titled Bullard Wash Channel

Improvements, Technical Data Notebook, Volume One, November, 1998. For ease of

discussion, that report will be herein referred to as TDN Volume One.
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1.2 Purpose and Scope

During the initial design phase of this project, Sverdrup, together with the FCDMC, the City

of Goodyear, and MCDOT, agreed upon a revised channelization concept. The concept

addressed the City's requirements on the aesthetics, recreational, and equestrian needs, as

well as maintenance issues. As a result, a workable channel cross-section, style of bank

protection, and drop structure scheme have been mutually agreed upon for this

channelization project.

The purpose of this Report is to document the channel design, including key channel

features such as typical bank protection and type of drops used, In addition, it documents

design constraints, such as highway, railroad, canal, irrigation, and utility conflicts as well

as environmental constraints, floodplain issues, and recreational facilities. This Report is

intended to follow the Arizona Department of Water Resources (ADWR) State Standard SS­

97 Technical Data Notebook (TDN) format.

The Scope of this Report along with TDN Volume One is to provide a TDN package

documenting the proposed Bullard Wash Channelization sufficient to obtain a Conditional

Lener of Map Revision (CLOMR) from the Federal Emergency Management Agency

(FEMA).

1.3 Methods of Analysis

The following methods of analysis are used for this project:

• Hydrology - methods as documented in the FCDMC Drainage Design Manual,

Volume I, Hydrology, revised January 1995. The lOO-year, 24-hour peak design

discharge is 3,200 cfs for Bullard Wash, as modeled by the US Army Corps of

Engineers (COE) HEC-I Version 4.0.1e microcomputer software.

• Hydraulics - methods as documented in the FCDMC Drainage Design Manual,

Volume l/, - Hydraulics, January 1996. The proposed channel is modeled utilizing

the COE HEC-RAS Version 2.1 hydraulic modeling software.

• Erosion and Sedimentation Transport - methods of erosion and sediment transport

analysis as documented in ADWR, Design Manual for Engineering Analysis of

Fluvial Systems, 1985.
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2.0 ADWRIFEMA FORMS

2.1 Study Documentation Abstract for FEMA Submittals

Study Documentation Abstract for Initial Restudy CLOMR X LOMR Other

FEl\H. Submittals StudY

2.1.1 Date Study Accepted

2.1.2 Study Contractor Sverdrup Civil, Inc.

Contract(s) Brad 01bert. P.E.

Address 637 South 48th Street Suite 101

Tempe, AZ 85281

Phone (602) 303-9799 Fax (602) 303-9899

Internal Reference Number

2.1.3 FEMA Technical Review

Contractor

Contact(s)

Address

Phone

Internal Reference Number

2.1.~ FEMA Regional Reviewer

Phone

2.1.5 State Technical Reviewer

Phone

2.1.6 Local Technical Reviewer Flood Control District of Maricopa County

Phone (602) 506-1501

2.1.7 Reach Description Bullard Wash Outfall Channel from Lower Buckeye Road to Gila River

2.1.8 USGS Quad Sheet(s) with 7.5 Minute Perryville, AZ Quad Map, 1957, photo revised 1982

original photo date & Latest

photo revision date

2.1.9 Unique Conditions and None

Problems

2.1.10 Coordination of Q' s lOO-year, 24-hour peak discharge =3,200 cfs per FCDMC

Discharges (Agency, Date,

Comments)
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2.2 FEMA Forms

The appropriate FEMA forms from the current FEMA MT-2 packet (May 1996) follow:

Form I

Form 2

Form 3

Form 4

FormS

Form 6

Form 7

Form 8

Revision Requestor and Community Official Form - Please refer to TDN

Volume One

Certification by Registered Professional Engineer and/or Land Surveyor

Forms

Hydrologic Analysis Form - Please refer to TDN Volume One

Riverine Hydraulic Analysis Form - Please refer to TDN Volume One

Riverine Costal Mapping Form - Please refer to TDN Volume One

Channelization Fonn

Bridge/Culvert Fonns

LeveelAoodwall System Analysis Form

WOOO/PATEL Page 7 Bullard Wash Oul[ail Channel· CLOMR SubmirraJ



O.M.S. No. J067.{)1#j

EX~/resJuly 31, 1997

r- "......-~~~~......,,~~~~~-....-.:JlI-..--=_.=~~----=----- - - -"- -'-=...,............- _
FEDE~L EME"GENCY MANAGEMENT AGENCY FEMA uSE ONL Y

CERTIFICATION BY REGISTERED PROFESSIONAL ENGINEER
ANDIOR LAND SURVEYOR FORM

PUBLIC BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average, 23 hour per response. The burden estimate includes the
time for reviewmg instruclionsJ, searching existing data sources, gathering and maintaining the needed data and
completing and reviewing t.he IOrm. Send comment.s regarding the accuracy of the burden estimate and' any
suggestions for reducing [his burden, to: Information Co1lect.ions Management, Federal Emergency Management.
Agency, 500 C Street, S.W., Washington, DC 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number iB
displayed in the upper right corner of this form.

1. This certification is in accordance with 44 CFR Ch. I, Section 65.2

2. I am licensed wit.h expertise in 14k" bv,< !lrd/........ l, ...s ",,,.~ Sd.,'''''-t';IJ. 1/1I"l'Qrt
[example: water resources (hydrology, hydraulics, sediment transport, interior drainage)· structural,
geotechnical, land surveying,1

3. I have __..;2.=-0 years experience in the expertise listed above.

a·o
b·D
c·O
d·D

4. I have D. preparedZ! reviewed the at.tached supporting data and analyses related to my expertise.

5. I ~ have 0 have nol visited and physically viewed the project.

6. In my opinion, the following analyses and lor designs, Ware being certified:

4CVa .... \.'L<, GI'oS,fM .......,l '1J.~",L.t;'A a.-l .... ..;/< at 'k/;',J. wfI-,4 [/.-..", 8....r'- ..y ..... ;j ./.~ C'/~~ I!. ......
r

7, Based on the following review, t.he modifications in place have been constructed in general accordance with
plans and specifications.

Basis for above stat.ement: (check all that apply)
Viewed all phases of actual construction.
Compared plans and specifications with as-built survey information.
Examined plans and specifications and compared with completed projects.
Other ISpecify) _

8. All information submitted in support of this request is correct to the best of my knowledge. I understand that any
false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section

1001.

Name: ASA(}l C.

Ti tie: Presj d.lJrJ:
(please print or Lype)

(please prinL or Lype)

Registration No._-'!~o:....:::5;..;I_'Z _

Type of Licenstl:J I

__dJ (. l.d£-=t..'>-----
Si"naLur~

1//5h~

·Specify Subdiscipline

Note: Insert not applicable I NIA) if statement does nol apply.

Expiration Date:_~.N;LV;;.:;:'.J _

J ' (~ ..t---
(~~~~

" ~.,ICAlt~~
10512 • ~

I ASHoKc. r
~).

PLJ<:ASJ<~ RF.FEH TO THE INSTRUCTIONS lo'OR THJ<: APPROPRIATE MAILING A I) DfU:SS
FEMA FOlm 81·89A. MAY H Certifiution by Ae9inered ProteHional

E"9inee, andiOl und SUfl/eyOl FOlm MT·2 Form 2



;EDERAl :MERGEN(Y MANAGEMENT AGENCY FEMA USE ONL '(
CERn FICAnON BY REGISTERED PROFESSIONAL ENGINEER

ANDIOR LAND SURVEYOR FORM

O.M.8. No. 3067-0748

Expires July 31, 7997

PUBLIC BURDEN DISCLOSURE NOTICE

Public reporting burden for this form is estimated to average. 23 hour per response, The burden estimate includes the
time for reviewIng instructions\. searching existing data sources. gathering and maintaining the needed data, and
completing and reviewing the lorm. Send comments regarding the accuracy of the burden estimate ana any
suggestions for reducing [his burden, to: Information Collections Management, Federal Emergency Management
Agency. 500 C Street, S.W., Washington, DC 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number is
displayed in the upper right corner of this Corm.

3.

2.

1. This certification is in accordance with 44 CFR Ch. I, Section 65.2

I am licensed with expertise in 4d~o~'I f ;../ydl't:ttAl/,-~
[example: water resources (hydrology, hydrau.liCs, sediment transport, interior drainage)· structural,
geot.echnical, land surveying.l

I have I':) years experience in the expertise listed above.

4. I have D_ prepare<! Q!:J reviewed the attached supporting data and analyses related to my expertise,

5. I ,2j'have 0 have not visited and physically viewed the project.

6. In my opinion, the following analyses and lor designs, Ware being certified:

.I:,~n-:()r v'''''·''..,e t41yJ/ol",v< }/YJollA11LS J. 3.... 1I~,J ~~ fl......, .. , 8-.c./~,,~ A loCo;" R.--....
7. Based on the following review, the modifications in place have been constructed in general accordance with

plans and specifications.

Basis for above statement: (check all that apply)
a. D Viewed all phases of actual construction.
b. D Compared plans and specifications with as-built survey information.
c. 0 b.:xamined plans and specifications and compared with completed projects.
d.D Olher (SpecifyJ _

8. All information submitted in support of this request is correct to the best of my knowledge. I understand that any
false statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section

1001.

N ame:_..,.....;~~,),;...J.._ __=__/~...;,.____:4koc:\:....;",.:w:::="iV~--------------------------- _
(pJeue printor type)

Tjtle:__::.~:;;;,;;'..:.·.,;",~..,.....;?:...~..:OJ,.;~~_=c..::.;,~_ __=b,;.;.,.....fL:.'·_<"I_=t;.::,~~,, --:--:-_--:-__--:-:-- _
(pleue print or type)

Registration No._...;,z:_Z.;.....;.Z...;,O;;...~l.L_ _ Expiration Dale:__q;.;;L..:;;~"-- _

DalAl

Sillnaturl!

/1- 'f/-tft:

Type of Liccnsc_-=C:::;,;...:'..J..;.:_, _

j2,rA ~2'?b.~

State

·Specify Subdiscipline

Note: Insert noL applicable (Nt A) if statemenl does not apply.

seal
IOptwn.cdl

PI.EASE RF.Io'fo:l( TOTHE INSTRUCTIONS to'OR THIo: APPROPHlATE MAILING A!)I)JH:SS

FEMA FO'm 81 ·89A. MA Y 96 Cel'1ifiution by Re9istereci Proteuion.l
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Note: Insert nOlll.pplil.:l2ulc (NIt\) ifstat~l1lcnldoes not apply.

('I.EASE H F:FEB TO TH~ INSTH UCTIONS FOH TH E A PPHOPIUAT"; :Y1 A I LI NG A IH)H ESS

FE MAo FOtm 81 ·89". M" Y 96 C.rtiti<~tlOnby Re9lsur~P'otess,on.1
Enqlneer jnGlOt l~nd Sur .. eyOt FOtm MT·2 Fo,m 2



'::DEiUl. :MEilGCN(Y MANAGcMENr .l.GENCY FEMA USE ONL '(
O.M 3. 1'10. JOO7'QI~CERnflCAnON 8Y REGiSTEREO PROFESSIONAL. ENGiNEER

AND/OR LAND SURVEYOR fORM £xc/r~s July J 1. 1997

PUBLlC BURDEN DISCLOSURE NOTIC!::

Public reporting burden for this form is estimated to average. 23 hour ~r response. The burden estimate includes the
time for. reviewtng ~f.:rUcLionsh3earching existing data 9Ourc~s, gat ering and maintainin~ the needed data and
completing and revlewlOfhthe orm. Send comments re~ardlng the accuracy of the bur en estimate and any
suggestionlj for reducin~ ilj burden, to: Information Co lections Management, Federal Emergency Management.
Agency, 500 C Street, S., Washington, DC 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number is
displayed in the upper rilht corner ofuu. (orm.

1. This certification is in accordance with 44 CFR Ch. I, Section 65.2

2. I am licensed with expcrti3e in Drainage Design
[example: water resources (hydrololI:l. hydraulics, sf!dimerU tran..sport, interior drai114ge)· structural,
geotechnical, land surveying. )

3. [ have 20 yean experienc, in the expertise listed above.

4. [ have ffl prepared 0 reviewed the attached supporting data and analyses related to my expertise.

5. I [l have 0 have nol visited and physically viewed the project.

6. In my opinion, the following analyses and lor designs, Ware being certified:

Construction Documents for the Bullard Wash Channel Design

7. Based on the following review, the modifications in place have been constructed in general accordance with
plans and speci.fications.

Rasis for above statement: (check all that apply)
a·O Viewed all pha:oes of actual construction.
b·O Compared plans and specifications with as-built survey information.
c·O J::umined plans and specifications and compared with completed projects.
d·O Other (Specify)

8. All information submitted in support of this request is correct to the best of my knowledge. [understand that any
fal3e statement may be punishable by line or imprisonment under Title 18 of the United States Code, Section

1001.

Name:
Bradford D. Olbert

(pie... print or type)

Title:
Project Manager

(pi... prinLOr type)

Registration No. 13955 Expiration Date: 12/31/2000

...
State Arizona '. ",,,,ional Eng,.

~t. - I/)

Type of License Registered Professional Enszineer ~...~ :\\r\CA~/:.
~~~ ;f/.. <1'

/2~ t?I vO rJ/'/4 ~ ~ 1395! q ~-
~I BRACFORD D. I~;. - (/ '- Si"nllLur.
~ ~ OL.B£RT~~

9/18/98 ~ne,f.~\~··
DOlLe

-4~/10NA U.~~·

seal
IUpcwlt411

-Spt:cify Subdiscipline

Note: Insert not applicable (NIl\) ifsla~menldoes nol apply.

PU':ASJo~ HF:lo'1o:H TOTHE INSTHUCTIONS to'OH TH1o: APPHOPHIATlo: .~1AILING A I> I> fU:SS...
FE". 1'01'" 111'A. ,..AY M Canifiution by 1t~t1.rH~ot.u~1

EneJinefl.nGlOI und Sur".yOl 1'01111



>EDE,uL :MERGENCY MANAGEMENT ~GENCY fEJrfA USE ONL (
CERnFICAnON 8'1 REGISTERED PROFESSIONAL ENGINEER

ANDIOR LAND SURVEYOR FORM
O.M 8. No. J067.Qlq

EXDirU july 31, 1997

PUBLlC BURDEN DISCLOSURE ~OTICJ:::

Public reporting burden for this form i~ estimated to average. 23 hour per response. The burden estimate includes the
time for reviewIng instruct.ionsJ, 3earching existing data sources, gathering and maintaining the needed data and
completing and revie:ovinlC. ~he lorm. Send comme,?-ts regard~ng the accuracy of the burden estimate and any
suggestionll for reduclnl[ [hili burden, to: InformatIon C01lectJons Management, Federal Emergency Management
Agency, 500 C SLreeL. S.W, Washington, DC 20472.

You are not r-equired to respond to this collection or information unless a valid OMB Control ~umber is
disolaved in the upper ri.rht corner of thoU (orm..

1. This certification is in accordance with 44 CFR Ch. I, Section 65.2

2. I am licensed with expertise in __s:-t"""":"ru_c-;t":"'u_r_a_l--:-: -:--_:__-:---:----:'':''''""---:--''''':'""-----
[example: watar resources (hydrology, hydraulics, JedimetU lraruport, imerior drainage)- structural,
geotechnical, land surveying.)

3. I have 31 years experience in the expertise listed above.

4. I have g:prepared D reviewed the attached supporting data and analyses related to my expertise.

5. I D have:Gi! have not visited and physically viewed the project.

6. In my opinion, the following analyses and lor designs. islare being certified:

Construction documents for the Bullard Wash Channel structural design.

7. Based on the following review, the modifications in place have been constructed in general accordance with
plans and specilicaLions.

Rasis for above statement: (check all that apply)
a. D Viewed all phases or actual construction.
b. D Compared plans and specilications with as-built survey information.
c. 0 ~xamined plans and specifications and compared with completed projects.
d.D Other(Specif:y). _

8. All information submitted in support or this request is correct to the best or my knowledge. I understand that any
false statement may be punishable by tine or imprisonment under Title 18 of the United States Code, Section

1001.

Name: J:.o::.h::.n==-.:.F.:.. ....:..F.=.i::.s::.c.::h.::e.=.r --:--:__-:--__~------ _
(pi.... print or type)

Title: .:.St..:.:.ru......:c..:t..:.u..:.r..:.a;,..l_Ma_n_a..:g:::.e_r ~:__-~--"""':'"-- _
(pi.... prinLOr type)

Registration No.__1_3_7_6_9 _ Expiration Data:__1_2-_3_1-_9_9 _

9-18-98

Type of License Professional Engineer

--QL~~---

State Arizona

·Spt:cify Subdiliciplinc

Note: Insert not applicable (NI 1\) if sl.aLt:mcnl does not apply.

PU:ASr: IU:Jo''':\( TO THE INSTHUCTIONS to'OK TH ,,: APPHOPKIATJo: .~AILJNG AJ)I)KESS

FE"A For'" .'-.9A. MAY" Canifiution by 1le9i~.redPfoteuiQlwl
E~r .Indlor und SUI'OeyOf Form MT·2 Form 2



;EDE~L :,'o1Ei<G~N(Y ,....ANAG~ME~r .lo.G~NCY lEMA USE ONL t
CERnFlCA nON BY ~EGlSTEREO j)ROFESSIONAL ENGINEER

AND/OR LAND SURVEYOR FORM

O..... a. NO. 1067··)148

::lOlr~1July 1 1. 1997

PUBLIC BURDEN DISCLOSURE :"iOTICI::

~ublic repor~ing bur.den for ;.his form is ~stima~ to average. 23 hour per .response. The b~r~en estimate includes the
~Ime for: revlewtng ~st!Uct.lonsJ,3earchtng eXistIng data soure~s, gatherIng and maintaining the needed data and
completing and revlewlnlC. the torm. Send comments regardIng the accuracy of the burden estimate and' an
suggestions for reducinl{ HW:I bur.den. t.o: Iniormation Collections ~anagement. PederaJ Emergency ~anagemen{
Agency, 500 C Slreet.. S.W, WashJngton, DC 20472.

You are not req uired tAl respond tAl this collection of information unless a valid 0 MB Cantrot :"i umber is
dispta ed in the up er ri ht corner oft&. (orm. .

1. This certification is in accordance with 44 CFR Ch. I, Section 65.2

~ [amli~ns~wi~ex~rtisein ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
(example: water resources (hydrology, hydraulics, $~dimen.llra port, i iar drain.age)· structural,
geotechnical, land surveying. I

a·D
b·D
c·D
d·D

3.

4.

5.

6.

7.

1 have :7 ~ years experien~in the expertise listed above.•
I have &! prepared D reviewed the att.ach~supporting data and analyses related t.o my expertise.

~ have D hilve nol visited and physically viewed the project.

[n my opinion, the following analyses and lor designs, is/are being certified:

4ve? ~llft
Based on the followinK review, the modifications in place have been constructed in general accordance with
plans and specifications. ~ \ y\

Rasis ror above statement; (check all that apply)
Viewed all pha.ses of actual construction.
Compared plans and specifications with as-built survey information.
h:x.amined plans and specifications and compared with completed projects.
Other (SpecifyJ _

8. All information submitted in support of this request is COM'eCt t.o the best of my knowledge. I understand that any
raise statement may be punishable by fine or imprisonment under Title 18 of the United States Code, Section

1001.

·Spt:cify Subdisciplin\:

.~ote: Insert not applicaulc I ~/A) if:;Ull.c!mcnl does nol apply.

Expiration Date:

State

Type of Lic

Name: D_a_~_icl_=_....;?_._~~.....;;",,;;.+-es--,-(P~Ie...-p~riJl-t-Of'-ty-pe-,------------~

Title: 1='J5-eCIl},LR.a 51~J---------------r "(pi.... priJlt or type)

3(~lZEm__

/

PI.}o~ASJo: IU:}o''':H T()TH~ INSTHUCTIONS ~'OR TH"; APPROPHIA'1''': .'t1AI1.1NC ADDRESS

FEWA F(WIft,1 "'''. -..",y M C.mnutlOft by A~llte'edP'of.Uion.1
("9""'" linG/Oil Und Sl,I'''.y« FOiInt MT·2 Fotnt 2



-:_~."->... i ....1PC.i'i(r ~""."\j....(ii'.1E.'j: .....,jc"'C":' Ifl~ IJSi OIllL'f'
- - ----- -

CERTIACAno.. BY aiGISTERcO PROfESSiONAL ENGINEER a.M.S. NO. J~7~144

AHD/OR LAND SURVEYOR FOAM E~O"ft)W>,J'. 1997

PUBUC BURDEN DISCLOSURE NOTJCE

~ublic repof1inc bur,den for ~u form ~ ~.tima~ t4 average. 23 hour~r ,response. The b~~en estimate includ~ the
ume for. re'lleWU1C ~trucUons ge&1'eh!QC ulatlng daLa iOur~, ge nne d.Dd mainL&U1~ the needed data and
complebng and revlewln~\.he ~orm. Sefid comments re~atdlnc the accuracy of the bur en estimate and any
sugestion:! for reducin~ ill burden, Lo: Information Co lectiona Managwment, Federal Emergency Manacement
Agency, 500 C Str~t, S. ., W.ahington, DC 20472.

You are not required to retpoad to uu. collecCioll 01 information \lDIes. a valid OMS CODtrol Number i.
diaDlaved ill the upper ri,ht eonlU 01t~ COrlL

1. This certification UI in aceordMnce with 44 CFR Ch. I. Section 65.2

2- I am licensed IWith expertise in LAND SURVEYING
[example: wat.er resources (hydN:JIoO. 1&ydrauli&., .~dim~N transpo't. inurior t:i.rtUlI46c)- st:ructura1,
cect.echnical, land .urv,yin• .]

3. I have 20 yean experience in the expertise listed abov•.

•• I have ~preparedO reviewed the att..cned IUpportinc data and aoalywn related to my expertise.

5. 1 ~v. 0 have not. visited and phy.ical1y viewed the project.

6. In my opinion. the follow inc anaIy... and lor dnip. Ware being eertified:

FI EI,P TOPO, EIE! P NOTES

7. Sued on Ute followiniC review, the modilicatioft.l in place have been con.tI'ucted in paeral &CCOrdaace with
plaMaud specwcationl.

Basis for above statement: (check all that apply)
ll·o V iewed all ptulses ofactual conatl'uction.

b·o Compared plans and specifications with -.built survey information.

c·o t::umined plant and speciIicatioD! and compand with completed prcjeaa.
d·o Other (SpecibJ

8. AII information submitted in support o( thia request is corftCt to the best of my kDowleetce. I uadentand that any
fal.. statement may be punishable by nne or imprisonment. under Title 18 of the United States Code, Section

1001.

Name: AT,T. EN C . AF'RNT
(pleu. priaL or lJ1le)

Title: SURVEY MANAGER
(pl_ prim OC' tJ1lel

Reg;itration No. 24 5 1 3 !xpiratioll Date: °3-3 1 -99

SLate ARIZONA -
Type or License LAND SURVEYOR &t~ ,.

't{ ~I ~ ~Se.n.Lure ~ -'WIfe. ,)~
~AI!NI 3
~,Z:;J..:~

[).~

~~~,u.:
sal

10""'"
·Spt!cify SubdiliCiplin'l

Nota: Insert not llpplic.bh: I N/A) if ltt..&l.A:lnf:nl doa not apply.

1.I.Jo:A51o: RF."'I-:H TO THE INS1'RUCTIONS Jo'OR l'HJo: A PPROI)KIA'rto: MAILINC AJ)I)R ..:SS
.'FE.... for....' ...... M"'"



;EDE.=lA... :ME.'lC:NC~ '.iA.~AGcMENT ..l.GENCY fEMA uSE ONL t
CERnFICA nON 8V REGISTERED ~ROFESSIONAl ENGINEER

ANDIOR LAND SURVEYOR FORM

OM 8..~o 1~7..J7~

E..,wt!$ JIJIy J 1. '997

PUBLlC BURDEN DISCLOSURE ~OTICI:;

~ublic reporting bur.den for ~is form i:i c:stimll~ to average. 23 hour per .response. The burden estimate includes the
tIme ior revlewlng UlstruCt.1onsl- 3earChlng exIsting data sources, gathering dnd maintaining the needed da~ and
completing and reviewinl{ Lhe lorm. Send comments regarding the accuracy of the burden estimate lind' any
suggestionll for reducinl{ [hill burden. 1.0: Information Co11ections ~anagement. Pederal Emergency ~anagement
Agency. 500 C Street.. S.W, Washinguln. DC 20472.

You are not required to respond to thL. collection ot information unless a valid OMS Control Number is
displayed in the upper right corner otthis form.

1. This certification is in accordance with 44 CFR Ch. [, Section 65.2

2. [amlken~wi~ex~rtiHin ~S~U~R~V~E~Y~~&~E~N~G~I~N~E~E~R~I~N~G~~~~~~~~~~~~~~~~_
[example: water resources (hydrololl:!. hydraulics. sedimerU traruport, iruerior drainage)- structural,
geotechnical, land surveying.)

3. [ have 40 & 58 years experience. in ~e expertiH listed above.

4. (have 0 prepared:g reviewed the attached supporting data and analyses related to my expertise.

5. I 0 have [] have nol visited and physically viewed the project.

6. In my opinion, the following analyses and lor designs. is/are being certified:

Aerial Ma~~in~ Pata

data

Ii. 0
b·o
c·o
d.C}

7. Based on the following review. the modifiC:-<ltions in place have been constructed in general accordance with
plans and specifications.

Rasis for above statement: (check all that apply)
Viewed all pha:>e:5 of actu.al construction.
Compared plans and specifications with as-built survey information.
~xamined plans and specifications and compared with completed projects.
OtherlSpeci/Ji rev i e'Jed aer i al photography & mapD i ng

8. All information submitted in support of thL. request is correct to the best of my knowledge. [understand that any
false statement may be punishable by tine or imprisonment under Title 18 of the United States Code. Section

1001.

Name:__--::.P.....a~u:::...=:.l._..;:C"""l=_=:o..::u:.::s"""e:::._ _
(pl_ print or typel

Title: ..:,jV;..IUC-c:;.E......cP:.Ra...t:.E..,;;SJ.,IJ.."L,jD..E...Nll.T...... -:--_-:-__-:- ----------------
(pl.... print or type)

Registration No._--:4::t.lo1..3t..S"-- _ Expiration Date: _

State AZ

Type of License CIvrr ENGINEER ING

~ /' .
", "7.- t(/C C t/:'--"?..s /w6<::

·Sp4:cify Subdiscipline

I~ote: Insert not applil;auic (N/A) ii:i14t~mcnldoes not apply.

se.l
,Opu'.II1ail

PU:.-\S": fu:n:H TO TH I:!: INSTHUCTIONS FOH TH 10: APPHOPHI.-\TIo: ."'A 11.1 !'olG A I>I>H, ESS

FE .... Few'" .'."". MAY H C.rtrnution by It~n.,ed It'ot.HOOI'l.1
Eft9inee, .ndlew l.nd Su'...yor FOf'" MT·2 FOflft 2



FEDERAL EMERGENCY MANAGEMENT AGENCY FEMA USE ONL Y OM.8. No. 3067·0148
CHANNEUZAnONFORM Explf~s July 31,1997

PUBLIC BURDEN DISCLOSURE NOTICE

Public ret>rting burden for this form is estimated to avera~ 1.75 hours per response, The burden estimate includes
the time or reviewing instructions

t
se~rchin~ existing da sources,~athering and main taining the needed data,

and completing and reviewint the orm. Sen comments regardinA e accurac)..of the burden estimate and any
suggestions for reducin~his urde~to: Information Collections anagement, ederal Emergency Management
Agency, 500 C Street, S. "Washin n, DC 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number is
displayed in the upper right corner of this form.

Community Name: C'Jy Q~ Geb.y~..,.. Arfj!ioa c,
Flooding Source: Ew/!&'cd WA$6
Project NamelJdentifier: & Jl:.,a Me, b O",th,ll Cft~"1'(

,. EXTENT Of CHANNEUZATION

Downstream limit: _"'::C:;:..L..;tlll:,,~...::R...;.;.;''';..;e:..:r _

Upstream limit: . L.o<;,., a...ek~y.. .RocJ..
2. CHANNEL DESCRIPTION

1.

; ;

CJ..",m. \ ,i',.. ,;./ sa.s h4"" 1\9<.£ "-. +- 2e )",,,,",,::;_,,~"""''''ff........I\~)l''''''« _

3. Describe the ouLlet from the channel ,G;,·U~Q iI'¥, ",...4.1 ct.-I'M«- ( 1<g~c:J. IA A
C;/~ &nr £!...,~hlJ'1,

4. The channelization includes:

~
o
~
o
o
o

Levees (Attach l.evee /FlooduJall system analysis Form)

Drop structures

Supereleva~dsections

Transitionl' in cross sectional geometry

Debris basin/detention basin

Energy dissiPiiLer
Other _

5. Attach lhe following:

~. Certified engineering drawings showing channel alignment and locations of inlel, outlet, and items

checked ill i lC1I1 4

b. Typic~1 cro::>s scdions and profiles ofch~nncJ banks and invert.

PLEASE KEJo''':H TO THI!: INSTRUCTIONS "'OK THI<: APPKOPHIATE ~AILING ADDH.ESS

FfMAfUfmlll11'J1 '04""9. .... T-2 Form () p"ge ' 013



1. What is the lOO·ye~r flood discharge?

3. HYOltAUue CONSlOERA nONS

efs

2. Do the cross sections in the hydraulic model match the typical cross sections in the plans? J2 Yes 0 No

j. Are the channel bankli higher than the 100- year flood elevations everywhere? % Yes 0 No

4. Are the channel banks higher than the 1DO-year flood energy grade lines everywhere? .. ,tg( Yes 0 No

5. Is the land on both sides of the channel above the adjacent lOO-year flood elevation
at all points along the channel? 0 Yes mNo

6. What is the range of freeboard? /. 5" ? 5 1" feet

7. What is the range of the IOO-year flood velocities? 3 Z' fUsec

8. What is the lining type (both bottom and sides)? Sick.. 0., g. [be ,,,,6,... b J.'J5 "'-,,<"Lie., ~.J.J.o,....' rJ€Ij .. 1... d
eu,J"J "'..,

Explain how the channel lining prevents erosion and maintains channel stability (attach documentation) ", 9"-~ ~ I't'

G;.~~ (~,.1,.1 ,i(,,*bwe~ ,ve- jeb;M b..~(c.~ ( qr"""l# r:,., ret? or 1'"<YGo<e..4
Ra£e;- 1:-0 ::eel :",., 6,0 ~9C,..-o--e.. d-.l ... :Is 01" er~;J"" ('1) ....1.,,,1 !""ll~"", .. s.

9. What is the design elevation in the channel based on?

tif Subcrilical flow

o Critical flow !
~ Supercriticall10w CJ;,r S~j~ ~~ s4r.......~"""~J
o Energy grade line

Is the 1DO-year flood profile based on the above type of flow? mYes 0 No

lfno, explain: _

10. Is there the pot.ential for a hydraulic jump allhe following locations:

Inlet to channel? LA Yes 0 No
Outletofchannel? 0 Yesf$.No
At Drop Structures? ,l;8 Yes 0 No
At Transitions? J2 Yes 0 No
Othu locatiMS.? Explain: _

If the answer to any of the above is yes, please explain how the hydraulic jump is controlled and the effects of the
hydraulic jump on the stability of the channel.

ChAnnelization Form MT·2 Form 6 Paqe 2 of 3



•. SEDfMHfT TUNSI'OaT COHSlOEU nONS

1. a. Is there any indication from historical records that sediment transport <including scour and deposition) can
affect the l00-year water surface elevations and/or the capacity of the channel? ..... 0 Yes$ No

b. Based on the conditions of the wlltershed and stream bed, is there a potential ror sediment transport
(including scour and deposition) to affect the l00-year water surface elevations and lor the capacity of the
channel? 0 Yes~No

2. If the answer to either 1A or 1B is yes:

a. What is the estimated sediment (bed) load?
______cfs (attach gradation curve)

Explain method used to estimate load, _

b. Is the 1OO-year flood velocity llnywhere within the channel less than the
1DO-year flood velocity of the inlet.? 0 Yes o No

c. Will sediment. accumulate anywhere within the channel? 0 Yes o No

d. Will deposition or scour occur at. or near the inlet? 0 Yes o No

e. Will deposition or scour occur at. or near the outlet.? 0 Yes o No

Attach documentation showing alfecu on the hydrologic and hydraulic analyses

MT·2 Form' Pa~ 3 of3



FEDERAL EMERGENCY MANAGEMENT AGENCY FEMA USE ONLY O.M.8. No J007·0148
BRIDGE/CULVERT FORM Explfes July 31, 1997

PUBLIC BURD~N U1SCLOSURE NOTICE

Public reportin~ bur.den for this form is estimated to average 2 hours ~r response. The burden estimate includes the
time for: reviewing. lO~tructlOns, searching existing data ;>ources. gat erinf and maintain~ng the needed data, and
completll~gand. review109 the form. Sc~d comment:s re~rdtng the accuracy 0 the burden estimate and any suggestions
for reduc~ this burden, l.o: InformatIOn CollectlOns llnagement, Federal Emergency Management Agency, 500 C
Street, S. ., Washington, DC 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number is
displayed in the upper right corner of this form.

Community Name: C,'!y S ~'t*"""j' .4,; i!D"..,

Flooding Source: &I/~,J WQS h.
Project Numc/ldcntilier: t3..//",J Wash 0411 ck""e I

1. IDENTIFIER

I. Name o( structure troadway, railroad, etc.): Sri'::> By.pa.ss. R~ c... /ua/.f.

2. Location of bridge/cui vert along nllodi ng source (in terms of stream distance or cross-section identilier): _

Sb.LlrJA 29 ~o/• .f
3. This revision ref1ects (cMck one of thl' fuLlowing):

~ New bridge/culvert not modeled in the FIS

o Modified bridge/culvert previously modeled in the FIS

o New analysis of bridge/cui vert previously modeled in the FIS

(Explain why rtt!W analysis W<lS per(ormed) _

2. BACKGROUND

Provide the following information about the structure:

Dimension, material, and shape of structure (e.g. two 10 x 5 feet reinforced concrete box culvert; three 3D-foot

span bridge with 2 rows of two 3- foot diameter circular piers; 40-foot wide ogee shape spillway) _

h ....r 1"2.£"')! lOiS 4ae/Jc bAA c~i!Ju1..

2. Entrance geometry ofculvert/type of bridge opening (e.g. 30 0
- 75 0 wing walls with square top edge, sloping

embankments and vertical abulments)__..:::~=__-..:7..:5=__·..:IjJ~•.:,·"~(A..If.=II~<;,------------- _

3. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8J _

~- RAS 1.1 ?/

If different than hydl"cwlic analysis for the flooding source,justUy why the hydraulic analysis used for the
nooding source could not analyze the structure(s). (At~hjlUtificationJ

Note: If any items do not apply to submitted hydraulic analysis. indicate with" N/A"
• One form per new/rerued bridge/culvert

PI.Jo:ASIo: IH:Io'Io~f( TOTtii-: INSTRUCTIONS FOR THIo: APPI{OPI{lATE V1AIL1~G A!>DIU:SS

HMA FOIm "·8G l. MAY 96 IIridge.'Cul..,~rt Form MT·l Form 7 Pag~ , of I)



3. AHAlYS,S

Sketch the downstream face of the structure t.ogether with the road profile. Show, at a minimum, the maximum low
chord elevation, invert elevation, minimum top of road elevation, and ineffective flow widths.

/2.'----...

RS-2t01.4~(~ 4 - /0" x I z' ,Re8

: £...o""~ a" <fIt. -Hi
.-----------J' -i--'------- - .... ---- ..

10030100201001010000

10'

9980

914

912

910

€ 908 -
§..
>.. 908iii

904

902

900
9970

~(ft)

jketch the upstream face of the structure together with the road profile. Show, at a minimum, the maximum low
chord elevation, invert elevation, and minimum top ot road elevation.

/0'

. _. __ .. " 11_ ~.L. 'f/t..s.Jf: I. _ " .•

1C.s·----
~d i
---I

Ground I• I
aar;, Sla I

100301002010010

r..., 901. So>

/

10000-
1---- / z: ---04.

914

912

910

€ I
908

i
>
.! 908w

904

902

9970

I
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J. AMAUSlS (Com'd)

Skeu:h the pl~n view of lhe s\.ruclurcb) Show. at Ii atinimum. the skew angle, crou-section locations, distances
between cross sections, and length of st.ructure (a).

" , ....

+-- now

..
:.-._>-~..- ,

SkeW: C>.

Attach plans of the structure (s) certified by a registered professional engineer.

Culvert length or bridge widt.h (f\)

Calculated culvert.ibridge area (f\ 1)

by the hydrauJic model, ifapplicable

Total cuI vertlbridge aru (n 2)

JootT.2 Form 7 Pa~ 3 of 6



Elevations Above Which ~'low is Effective for Overbjny

Upst.ream face

Downstream flict:

Minimum Top of Road Elevation

Upstream face

Downstream face

100-Year flood elevations

Upstream face

Downstream face

Left Overbank

111/4

I~t\ Overbank

Water Surface
Elevations

Right Overbank

AlJA

Right Overbank

Energy Gradient
Elevations

Discharge

Amount ocnow
through/over
the structure (s) (c{s)

Low Flow

3200

Pressure Flow Weir Flow Total Flow

(
.~

The maximum depth of
now over the roadw8y/rliilroad (1\.) N/4

Weir length (t\.) piA

Top Widths

Upstream face

Downstream face

Total Total
Floodplain Etrective Flow Fl00dway

WidLh Width Width

5/.3+ S-/. 3-1- 5'{

S'/.29 $'1. ~7 SZ

Pitge 4 of 6



l. ANALYSIS (Com'd)

LollS Coefficitmw.

Entrance loss coefficient

Manning's "n" vlilue assigned to the structure(s)

It'riction loss coefficient through structure (s)

Other loss coefficients (e.g., bend manhole, etc.)

ToLaI Joss coefficient

Weir coefficient

Pier coefficient

Contrllction los:i cucfficienL

Expansion loss coefficient

C. SEDeMENT TRANSPORT CONSJDERAnONS

o,O( $

1. a. Is there any indicaLion from historical records that sediment transport (including scour and deposition) can
~ect. the lOO-yellr water surfllce elevllLiolUl? 0 Yes mNo

b Based on the condiLions (such as geomorpholoD, ~getati~co~rand development ofthe watershed and stream
~d, and bank conditioru). is there a potential for debris and sediment transport (including scour and
deposition) to affect. the lOo-yeu water surface elevations and/or conveyance capacity through the
bridge/culvert? 0 Yes CiJNo

2. If the answer to either 1a or 1b is yes:
a. What. is the estimated sediment (~dmaterial) load?

____cfs (attach gradation cur~)

Explain method used to estimate the sediment. transport and the depth of scour and/or
deposition, _

b. Willliediment accumulate anywhere through the bridge/culvert? 0 Yes r.ia No

If yes, explain the impact on the conveyance capacity through the
bridgelculvert? _

5. FlOOOWAY ANALYSIS

~xplain method of bridge encroachment {noodway run)

AIo..... <!.. I",; k~ c:'-b."" "I ..tt. ..,~&, "'-

I\ItT·2 ~Otm 7



5. flOODWA YANALYSIS (Cont'd)

Comments (explain allY uf1usu.a1 situations J:

)./'1J~(J .... I.',- jv""e "'e'5jl'~tu"

'-.

Attach analysis.

MT·2 Form 7 Paqe6of6



FEDERAL EMERGENCY MANAGEMENT AGENCY FEMA USE ONL Y a.M.a. No. 3007·0148
BRIDGE/CULVERT FORM Expir~s July 37, 1997

PUBLIC BURDEN UISCLOSURE NOTICE

lblic repor~ing bur:den for this form is estimated to average 2 hours~r response. The burden estimate includes the
.me for. reviewing. tn~tructlOns, searching existing data ;;ources, ga erinf and maintaining the needed data, and
completlr~gandrevlewmg the form. Se~d commen~ re~rdJng the accuracy 0 the burden estimate and any suggestions
for reduc~ thIS b~.1rden, I.u: Information ColiectlOns I anagement. Federal Emergency Management Agency, 500 C
Street. S. ., Washington, nc 20472.

You are not required to respond to this collection of information unless a valid OMB Control Number is
displayed in the upper right corner of this form.

Community Name: Clyrt ~.." 4: ~".,
Flooding Source: &//4rJ WQs/"
Projccl Namc/ldcnlificr: l3./J",J Wo.sJ. 0*/1 ck",,,,e I

1. IDENTIFIER

1.

2.-

Name of. structure (roadway. rai Iruad, e1.C.):_...@c;.o.;::~:;.....,'8",,5_· _-=8.;.."..;.;.=;d...~"...e....... _

Location o(bridgc/cu1 vert along noiKfing soutce- (-irrterms of stream distance or cross-section identifier): _

S"AJ .. , ... 7.3 J- 57

3. This revision rl!t1ects (ch«!ck one of lht' following):

M New bridge/culvert nol modeled in the FIS

o Modified bridge/culvert previously modeled in the FIS

o New analysis of bridge/culvert pr!:viously modeled in the FIS

(Explain why rtt!W analysis was per(ormedJ _

2. IACXGROUNO

Provide the following information about the structure:

Dimension, material, and shape of structure (e.g. two lOx 5 feet reinforced concrete box cuI vert; three 30-foot

span bridge with 2 rows of two 3- foot diameter circular piers; 40-foot wide ogee shape spillway) loS 1'- 1

5.eao 8r~e It &-ot i ;/ fI; l"/~le ;e.... e 39R) i 6.» r_~ '* e ZH .1,.. c .. rc~\'" e; trL

2. Entrance geometry ofcui vert/type of bridge opening (e.g. 30 0
- 75 0 wing walls with square top edge, sloping

embankments and vertical abutments) S*:e-., ~...p....b.......~s a_d /J,d,,, ( qh ~,.....-J:a

3. Hydraulic model used to analyze the structure (e.g., HEC-2 with special bridge routine, WSPRO, HY8) _

).Icc- n.~ v Z. J

If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the
nooding source could nol analy~e the structure(s). (A~hjU6tification)

Note: If any items do not apply to submitted hydraulic analysis. indicate with" N/A"
• One form per new/revUied bridge/culvert

PU:ASE I-U;"''':R TOTHE INSTRUCTIONS FOR nn: APPROPHIAT": ~AILl~GAl>lH{!o:SS
MT·2 F()(m 7 ~a9" , of Ii



918

Sketch the downstream lace of Lhe struclure t.ogether with the road profile. Show, at a minimum, the maximum :OW

chord elevation, invert elevation, minimum top of road elevation, and ineffective flow widths.

m.,------rC-~==----~!£-..!~~~I!L____,_--------__,

!l24

922

s: !l2O

i...
918

914

912L..::....,....~---.:.::===:::::=:;:~~:;:::::;:::::::;::::::::::=~:::::::;:=::::~~:::=:===::::~--:....,....-~
~ 10060

"etch the upstream face of the struct.ure together with the road profile. Show. at ~ minimum, the m~x.imum low
_.lOrd elevation, invert elevation, and minimum top of road elevation.

9211
Lav-d
---I

!l24 Ground !

~Slll!
922 -

s:
~•i 318...

918

914

912
~ 10060

MT-] FOIm 7



Sket.ch Lbe phtn view of !.be ::lU"uclurc{lil Show. aL It. minimum, Lbe skew angle, croS8-geCtion locations, distances
between cross sections, and length of structure (8). /Yol-e : 51... J'JA i-:J ,.. f~~./-. S.i euJ -:: 'i/. 3+ 0

~ now

)

.ot
\

;,,,,

en
\.IJ:.

"'\CI::f

Attach plans of the structure (5) certified by a registered professional engineer.
•

Culvert length or bridge width (n)

Calculated culvertJbridge area (n.:I)
by Lbe hydraulic model, ifappliOible

Total culvertJbridge aru (f\ 2)

1/7 1-1:

165.4 sf

""'·2 FOI'm 7 Paqe 3 of 6



... - , .......... -/

ElevationA Above Which r'low is Effective for Overbank!

Upstream face

Downstream fllct:

Minimum Top of Road Elevation

Upstream face

Downstream face

IOO-Year nood elevations

Upstream face

Downstream flice

Left. Overbank

AlIA

l..en Overbank

<fz4.fwj

Water Surface
ElevationA

Right Overbank

RighI. Overbank

92564

Energy Gradient
Elevations

'1/6. t6

Discharge

Amount of now

through/over
the structure (5) (cfs)

Low Plow Pressure Flow Weir Flow Total Flow

The maximum depth of
now over the roadway/rllilroad m.l
Weir length (ft.)

Top Widths

Upstream face

Downstream face

To~1

Floodplliin
Width

~.73

Total
Effective Flow

Width

jf·78

•

Floodway
Width

//0 -n

/10 ~"

MY·2 fOil" 7



l. ANALY~S (CDnt'd)

Lo:;s C~fficit:nL.s

Entrance loss coefficient

Manning's "n" vlilue liSsigned to the slruct.ure(s)

Friction loss coefficient. through st.ructure (s)

Other loss coefficients (e.g., bend manhole, cLe.)

Total loss coefficient

Weir coefficient.

Pier coefficient

Contraction loss cuefficient.

Expansion loss coefficient.
'".

,vIA

a t 3

•. SEDIMENT TUNSPOilT CON5mEIlAnONS

1. a. Is there any indication from historical records t.hat sediment transport (including scour and deposition.) can
ll1I'ect.the lOo-Y~lirwatersurfliceelevlitions? DVes ~No

b Based on the conditions (Iuch as geomorphology, lJegeuuiue couer and ~lJeloprnenlofthe watershed and stream
bed, and banie conditioru), is there a potential for debris and sediment transport (in.cluding scour and
tUp<uition,) to ll1I'ect. the lOo-year water surface elevations andlor conveyance capacity through the
bridge/culvert? D Ves WNo

~. If the answer to either 1a or 1b is yes:
a. What is the est.imated sediment (bed material) load?

____cfs (QUach gradation curve)

Explain method used to est.imate the sediment. transport and the depth of scour and/or
deposit.ion _

b. Will sediment accumulate anywhere through the bridge/culvert? D Ves 0 No

If yes, exphlin the impact. on the conveyance capacit.y through the
bridge/culvert? _

S. R.OOOWAY ANALYSIS

~xplajn method of bridge encroachment. {noodway run)

.. Z""s:· ~A

MT·2 Form 7



5. ROaDWAY ANALYSIS (CoM'd)

Comment.:> (explain any unu6UJJI si'uatiolU J:

Attach analysis.

?s., 40 Af~J:)( E 1:." )./GC - ~4S 4...Jf.J.·

MT·2 F~", 7 PI~' of'



FEDERAL EMERGENCY MANAGEMENT AGENCY 'Fe ........ I".S~ :NL.1' , a.M.B. No. 3067·JI48
BRIDGE/CULVERT FORM f){p",~s July 31, 1997

PUBLIC BURDEN UISCLOSURE NOTICE

'")ublic repor~ing bur.den for ,Lhis form is .estim~~ to average 2 hours~r ,response. T~e b~r.den estimate includes the
me for. revlcwmg. m~tructlon:), searchmg eXlstmg data ;>ources, ga erlnf and maintaIning the needed data, and

completl1'~gand. reviewing the form. Se~d commen~ re~rdIng the accuracy 0 the burden estimate and any suggesLions
for reduc;,yg Lhls b~rden, t.o: Information Collections 1 anagement, Federal Emergency ManagemenL Agency, 500 C
SLreet, S. ., Washington, nc 20472.

You are not required to respond to thili collection or information unless a valid OMB Control Number is
displayed in the upper right corner of this form.

Community Name: C&~ G'm-.... +.c; 4ci~"'''.
F'looding Source: &"//e.,d WQS J.,

Project Name/ldenLifier: 13.. /)",.J. Wosh O~II ck-lI1el
1. IDENTIFIER

1. Name o( structure (road way, rai Iroad, eU:~):_"::{!:..J.P-:.;8'-.:/...:.(_-..:.8~,;.::j:;,;..,,:.Ii" _

2. Location ofbridge/cui vcrt alon~ flooding source (in terms of stream distance or cross-section identiiier): _

5i(),J .. o,," 75"+33

3. This revision reflects (check one of the fullowing):

12' New bridge/culvert not modeled in the FIS

o Modified bridge/culvert previou~lymodeled in the FIS

o New analysis ofbridge/culvel'L previously modeled in the FIS

(ExpLain why n~w analysis was performedJ _

2. IACXGAOUND

Provide the following information about the structure:

Dimension, material, and shape of structure (e.g. two lOx 5 feet reinforced concrete box cui vert; three 3D-foot

span bridge with 2 rows of two 3- foot diameter circular piers; 40-foot wide ogee shape spillway) 1J,~~ :1-1 j:t

AI,,,,,,,,! 9,'/4_,. 5.ec J"Ju_ "" .. iI.. 2 rDwS coot 'to ,.~," A,.... <,,(/(:1.., P"'CS

2. Entrance geometry of cui vert/type of bridge opening (e.g. 30 Q - 75 Q wing walls with square top edge, sloping
embankments and vertical abutments) S;"",.·A) : .... b..... I._ ...,.t> a..A vuJ., 'cd gb ..+... ~As

3. Hydraulic model used La analyze the structure (e.g., HEC-2 with special bridge rowin..e, WSPRO, HY8) _

J.kc. - ~.4 s v 2. I

If different than hydraulic analysis for the flooding source, justify why the hydraulic analysis used for the
flooding source could not analyze the structure(s). (Att4chjuatificatum)

Note: If' any items do not apply to submitted hydraulic analysis. indicate with" N/API

• One (orm per new/revised bridge/culvert

Pl.EAS": H~Io'Io~R TO THE INSTRUCTIONS FOH TIn: APPHOPHIATE ~AILl~GAl>I>IU:SS
MT·,2 Form 7



J. ~H.lL.YSIS

Sketch the downstream flice ofLhe structure together with the road profile. Show, ata minimum, the maximum low
chord elevation, invert elevation, minimum top of road elevation, and ineffective flow widths.

924

922

920

g
111.

i
I~ 91.

914

912

91
9940 10040 10060

.et.ch the upstream face of the struct.ure together with the road prome. Show, at Ii minimum, the maximum low
chord elevation, invert elevation, and minimum top oCroad elevation.

924
L_nd---922 Ground Irw:SIoI ,

920 -

g
91'

15
"~
.! 918
U.I

914
1

'''j
910

9940 9980 ooסס1 10020 10040 10060

I(;dge/(ulvert Form MT·1 Form 7



Sketch the pilln view of lh~ ::Il.1"UClUrt.!t:l) Show, aLii atinimum, the skew angle, cross-section locations, dist.ances
between cross sections. and length of st.ructure (I).

+-- now

•,

i-K
\ \ . '.

~ ': "

'" ,'" . \
~ ,;

~ ) ';
. .

Attach plans of the structure (s) certified by a registered professional engineer.

Culvert length or bridge width (tt)

Calculat.ed culvertlbridge area (1\:1)

by the hydraulic model, ifappliOible

Total culvertlbridge area ({\ 2)

MT·2 Form 7 PI~ 3 of6



glevationB Above Which !<'Iow is Effective for OverbanY

Upstream face

Downstrellm fllct:

Left. Overbank

4A

Right Overbank

SA

Minimum Top of Road Elevation (701' af RJ..: '- )

Upstream face

Downstream face

100-Year nood elevation~

Upstream face

Downstream face •

Len Overbank

'12& 7

1Z5. 7

Water Surface
Elevations

..

Right Overbank

~Zz. 7

QZ5.7

Energy Gradient
Elevations

Discharge

Amount of now
through/over
the structure (s) (ci~)

Low Jo'low Pressure Flow Weir Flow Total Flow

"3, zoo

The maximum depth of
now over the roadwaylrailrolid (ft.) .

Weir length (ft.) .

Top Widths

Upstream face

Downstream face

ToUtI Total
Floodplain Effective Flow Floodway

Width Width Width

$.5'4 9$.5~ /10 £i.

$5.5.) '85"- 50 //0 Fe

MT·2 F«m 7



1. ANALYSIS (Cont'd)

Lo~s c~mcitml..s

Entrance loss coemcient

Manning's "n" vlSlue assigned 1.0 the slructure{s)

fo'riction loss coefficient through structure (s)

Ot.her loss coemcient.s (e.g., bend manhole, etc.)

Total loss coemcient

Weir coefficient

Pier coefficient

Contraction loss clJemcienl

Expansion loss coefficient.

c:::;,,,ok; ~cl.f .; 0,01 5 ..e.~ a.~-- , v.o/7
;

!oJ/i

filA

".5

•. SEDIMENT 'TUNSPORT CONW£RAnONS

1. a. Is there any indication from historical records thal sediment transport (including BeoUT and deposition) can
ii.lTect. the lOO-year water surf.ce elev.tiolUi? 0 Yes ,PirNa

b Based on the conditions (such as geomorphology, vegetative cover and development ofthe watersMd and stream
bed, and banJc conditiofU), is there a potential for debris and sediment transport (including scour and
ck~ition.) to ii.lTect. the lOo-year water surface elevations andlor conveyance capacity t.hrough the
bridge/culvert? 0 Yes '-No

t. If the answer to either Ia or 1b is yes:
a. What is the est.imaLed sediment. (bed material) load?

____cfs (eut4ch gradation. curve)

Explain method used to eSlimate t.he sediment. transport and t.he depth of scour and/or
deposition, _

b. Will sediment accumulate lll1ywhere through the bridge/culvert? 0 Yes 0 No

If yes, expl.in the im~ct.on the conveyance capacit.y through the
bridge/culverl? _

5. R.OOOWAY ANALY5IS

h:xplain method of bridge encroachment. {noodway run)

do .... , - r"Hf.;.J Ct..", ..eJ. ...£A...... e.So/c:

...r·2 Form 7



5. FtOOOWA Y ANALYSIS (Cont"dl

Comments (explain arty urtusu.al situations J:

j{vd'9td)''- 1..'*'1' "'P~jlf."" JU?~R 6"'J$k d.-.~ l~ $"~d"~ J,;we

Attach analysis.

"~Fonw
MT·2 FOOI't 7 PI~6ot6



FEOe~1. :MEi<Gc''4C'- ~AN_G;:MeNr ~Gc,'t<'f

LEVEEiFlOOOWALL SYSTEM ANALYSES FORM
, O..W . .:J. "0. ";00;··_,' __

€~Qtr~S Juiy J '. /997

PUBLIC BURDEN DISCLOSURE SOTICE

"Iic repor~inllbur~cll I'or thi~ rorm i:t e~timJlled.to average 3.0. houn per, response. TJ1e b,uz:den estimate includes the
l ror, revlewlng Insl.rucLlon:t searching Uisuni data 3OUre,I, gatlierlni and malntalnlni[ the needed data and

_mpleLlng and review I"!: the ~orm. Send commenta regardlng the accuracy or the burden estimate and any
IUga'estionlt ror reducin~ this burden, t.o: Information Collections Management, Pederal Emergency Management
Agency, SuO C Slr~t!L. S.W., Wa:ihing1.On, DC 20472. . .

You are aot re~uirt:d LO re::lpond to this collection ot informatioa uaJes. a valid OMS Coatrol Number is
dilplayed in the uppt!r ri~htcorner olthia (arm. ' '

Community Name:_~c.~/L,-b",--_o£;a...--lG....oi..Ii@o/:lIl:IIlIL,.,.Y,s;;;e;.:~!.:r_,_,/;;,4:.1(":'1...1'#..QIi.:O;u.L- _

Flooding Source:__--...3""'-l1l.... .:.lI/.:Io.,.:;.j.. 4_......:W.=.::QI.oii~l.,;,,~ _

Proj~Nam~ldentifier:_~(~~~u~II~Q~,~4~~~~Q1~4~~~~+~£~.~II~~~~~~~~~~~~I__~_~ _

1. REACt TO II REVISED

Downstream limit: G/ /~ R;ver

Upstream limit:

This LeveeJFloodwall analy1is is based on:

o upgrading of an existing leveelfloodwall sy1tem

Oil' a newly constructed leveeifloodwall ~tem

o reanalysis of an existingleveeJfloodwall synem

2. LfVEEm.OODWAU SYSTtM EUMENTS

1. Lev•• elemenu and locations:

:E earthen embankment, dike, berm etc.

o structural floodwall
o other (descri~) _

Station :J~ of 33 to 58' .;. 5"0
Station ~~to _

Station to _

2. Structural Type:

o monolithic cast-in place reinforced canaete

o reinforced concrete masonry block

o sheet piling
o other (describe) _

/

3. Has this levMlfloodwall system been certified by a Federal agency to provide prote<tion against the lOO-year

Rood event?

o Yes ~ No

If yes, by which agency? _

If yes, complete only the interior drainage section on pages 7 and 8 of this form and the operation and

maintenance section of Revision Request"r and Community atticia! Form.

I)L!'~A5"~ tH~"'~K TO TH to~ INSTKUCT10NS r'OR THE APPKOPKIATE MAILJNG ADIHU~SS

MT·2 Form 8



2. LfVeEIFlOOOWAU SysnM EUMEHT$ (<:.ant'a)

Sheet Numbers'_...;.)..::S:;",.,.--...;.I-,~iI.-_

3. Att~h certifiea drawings containing the following information (indicate drawing sh~t numbers):
S~ &1,,'6:1: IS '

a. Plan of the levee embankment and floodwall structures. Sheet Numbers / S - 17

b. A profile of the leveeJfloodwall system showing the 10o-year
water surface elevations, levee andlor wall crest and
foundatIon, and closure locations for the total levee system.

c. A profile of the 1eO-year water surface elevation, closure

opening outlet and inlet'invert elevations. type and size of
opening, and kind of closure device.

d, A layout detat! for the embankment protection measures.

e. Location, layout. and size and shape of the levee

embankment features, foundation treatment. floodwall

structure, dosure structures, and pump stations.

Sheet Numbers_....I7........!'-P,;...-__

Sheet Numbers__~7 _

Sheet Numbers__:..::!V~4::I....__

1. AUEIOUD

1. The minimum freeboard provided above the 1Oo-year water surface elevation is:

Dves 0 No

Dves D No

3.e feet or more at the downstream end and throughout
3.5 feet or more at the upstream end
4.0 f~et immediately upstream and downstream of all structures and constrictions

/V07"~: ti.J;~I..:" £i.e.. It'vee, r~4J,../ ~~,~ ..,.It!. /'110 S,.~u,.,.,,~e'S or-

Coastal

1.a foot above the height of the one percent wave for the laO-year
stillwater surge elevation or maximum wave runup (whichever is
greater).

2.0 feet above 1Oo-year stillwater surge elevation

mVes 0 No
~ Ves 0 No
~ Ves 0 No

a,A.)s",~ rc.. r raN'S

Please note, occasionally exceptions are made to the minimum freeboard requirement. If an exception is
requested. attach documentation addressing ?art 65.10 (b) (1) (ii) of the National Flood Insurance Program
rt9ulatlons.

If no is answered to any of the above, please explain where and why: _

2. Is there an indication from historical records that ic~jammingcan effKt the 1Oo-year water surface elevation?
D Ves L2( No If 'fes, provide ic..jam analvs's profile and evidence that the minimum freeboard discussed
above still exists.

Freeboard (ft.)

'5.57
Lo<ation

Upper end
Station

5"8-1' 5"0

3. Tabulate the elevations at critical locations (tabulate values at each levee crest grade change)'

, 00-Vear Water

Surface Elevation

1'/7, 10

(Extend table on an added sheet as needed and reference)

Lower end 913, !S 917. (X) :?~ 7 S

~ -ra hJe &5e 6 J;;,.. /11ru <- .k i., i~ ,



1. a.

b.

!s tMere any Indication from historical records that sediment trans~ort (including scour and deposition) can
aHeetthe lOQ·yearwater surface elevations? r-?f .

DYes p No

Based on the conditions (such as geomorphology. \legetative cover and development of the watershed
and stream bed •. a.nd bank conditions). is there a potential for debris and sediment transport (inclUding
scour and deposl tlon) to affe<;t the 1CO-year water surface elevations and/or the freeboard for the
levee/floodwall? D ~

Ye1 .)401 No

2. If the answer to either 1a or 1b is yes:

A. What IS the e1timated sediment (bed material) load?

___cfs (attach gradation curve)

Explain method used to estimate the sediment transport and the depth of scour and/or deposition
'-.

a. Will sediment accumulate anywhere along the leveelfloodwall (such as along any bends in the
channel)? ~

DYes ~NO

If yes. what is the minimum freeboard at these locations? feet.

",a.OSURIS

1. Openings through the levee system:

D exist ,E do not exist

If openings exist. list all dosures:

Channel
Station

Left or Right

~

Opening

h2!
Highest Elevation for

Opening Invert
Type of

Closure Device

(Extend table on an added sheet as neded and reference)

Geotechnical and geologiC data:

In addition to the required detail analysis reports. data obtained during field and laboratory investigations and
used in the design a"olysis must be ~ubmilled in a tabulated summary form for the following levee system
features. (Referencl! U S. Army Corps of Engineers EM· 1110-2·1906 Form 2086).
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1.

4. EMIAHlMENT PltOTECT10N

Maxi mum levee slope landSlde: __Z=-_:..l./ _

Maximum levee slope floodside: _--:;J_:.1..1 _

3. Range of 1CO-year rivenne flood velocities along the levee: .::5.::;..,;..;~:::::-;.....:&r..l!---------(min.)

to 7 { fp! (max.)

4. Embankment material is prote<ted by (describe the kind): q-/~ch +It,d G.J,/N mCt~SS"

(l'"'Ock f!:rlC4~ w7#,I;" fNl'~ ba~d:s-') ~ g - ;,.,c4 f&I"cI;. &:zCn;."~ t.;;"'/7j'

s. Riprap Design Parameters: (Include references) o VelociW; o Tractive stress

Sta to _

Sta to _

Sta to _

Sideslope Flow depth Velocity
Curve or
Straight

Stone Riprap
Q.,oo Q.~ Thickness

Depth of
Toedown

(Extend table on an added sheet as needed and reference)

Has a bedding/filter analysis and design been included 0 Yes 0 No

7. Describe the analysis for other kinds of protection used (include copies of the design analysis):

G&\6/M M~~~CS ~ ~I//I?~~ Ci4 b4i'fk ;p~{.r.c-h~ ~ ~~f cI
~ levt.''C.. S;7~~r ~~S ~ ~4Iy':t:~cR +0 ~~Jn/~ ~ fI1l~~~s

~ ~ ~1:~/;1'1 rl-14.~S:;,:oS ~ s/'c.e I rod:: ..fo~ /~ 'f4, baS Kels
beoS"/~ ~o.fys/s t:t/so dt.R~ ;;,.... tr·/~ ~r/~ ~l.o-"',(·J'r1~'1-f.
E....$i'?~~oJ ~yS" /s ~ ~ ~.:+-tcL.~. ~.f~r 60 AI'I'p-"L~ )-:

Attach engineering analysis to support construction plans.
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,...--------_........-.--...-----------_. - -

1.

2.

Iden~fy location< and d.,cnbe the basi. for "'fl!Ction of ,riti,allocatlon. fo<a~~.,:

Tk., ,t!eifel /7.1111 ~fw4tW ~~. d,(~5f~

• Overall height: Sta \p?t- ~~trq.'(() height Y.(J ft.

o limiting foundation soil strength:
Sta, --.J1 deptn to' _

strength ,.0 : '3p, d~rees. c: :w~O;.........Jpsf

S slope: S5 : I (hI to / (v)

(Repeat as needed on an added sheet for additional s.lopes a'nd locations)'

nite slope.

3. Summary of stability analysis rlKults:

Loading Conditions
Critical

Safety Factor Criteria (Min.)

II

III

IV

VI

End of construction

Sudden drawdown

Critical flood stage

Steady seepage at flood stage

Earthquah (Case I)

1.3

1.0

1.4

1.4

1.0

OYes"S! No4.

(Reference: U.S. Army Corps of Engineers EM-ll10-2·1913 Table 6-1)

Was a seepage analysis for the embankment performed?

Describe methodology used: _

5. Was a seepage analysis for the foundation performed?

Were uplift pressures at the embankment landside toe che<;ked?

Were Sftp~.exit gradients checked for piping potential?

o Yes tf-.No

o YlK ~No

o Yes 5-No

6. Duration of 1Oo-year Rood hydfograph against the embankment : Hrs.

/

~: Attach engineering analysis to support construction plans.
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-----~:-.-.._------------
1. Q~(l'1be a"aly~ls suomlt't.1l based on Code:

•

or 0 Other (sp«ify) _o UBC (1988)

Stability anal~js submittedi,(0vides for: .o Overturning; l'I-Sliding; If not. explain _

,

3. Loading included in the analy,.s were:

d-uttral earth @ P.. ~ _T_~f;PIl~ 5~ pst

~rcharg...Slope @ 'lie 0-surlace l Z( csf

~ind@Pw~ 0
,..

ost
~S..page (Uplift) .Q Ctl EMthquake'@ P~ ~ %g

~ 1OO-YUt signi ficant wave height to It.

9. 100-year significant wave period (2 sec.

4. Summary of Stability Analysis Results: Factors of Safety. Itemize for each range in site layout dimension and
leading condition limitation for tach respective rtach. A) Ie,..'

Loading Condition Criteria (Min) Sta To Sta To, _
Overturn Sliding Ov.num Sliding Overturn Sliding

Cead 'Wind 1.5 1.5

Cead'Soil 1.5 1.5

i, Soil, Flood' Impact 1.S 1.S

uead, Soil' Seismic 1.3 1.3

(Ref: FEMAll 4 Sept 1986; coe EM t 110-2-2502)

(Note: Extend table on an added stleet as needed and reference)

S. Foundation bearing strength for each soil type: CL

Bearing Prf!'Ssur. Sustained Load Short TIrm Load

Computed design maximum 3'1Q" ost Lftoo psf

Maximum allowable L(p,SCO pst MCJ€;(20 psf
i

6. Foundation s<our protection 0 is, ~ not provided, (describe)

~: Attach eM9ineering anal~s to support construction plans.

/
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1.

3.

4.

Has anticipated potential settJement b..n d.-termined and incorporated into the spe<:ified construction
elevations to mainuin the esublisned freeboard margin?

Computed range of settJement : -'0:.-_,--:..1_ft. to

SettJement of the lev.e crest is determined to be primarily from:

o Foundation consolidation
il Embankment compresSiono Other{describe) _

OiHerential settJement of flaodwalls \J (~ ..
o has 13:has not been accommodated in the structural design and construction.

Note: Attach engineering analysis to support consvuctian plans..

10.INTt~ DaA.AGI

I. Spe<:ify size of each interior. watershed

Draining to pressure conduit

Draining to ponding area

2. Refationsnips Establisned

Ponding ~evation ~. storage
Ponding eleyation ~. gravity flow
OifferentiaJ head ~. gravity flow

~/A

3.

4.

s.

The river flow duration curve is enclosed

Specify the discharge capacity of ttle head pressure conduit

Which Flooding Conditions Were Analyzed?

• Gravity flow (Interior Watershed)

• Common storm (Rjyet' Watenhed)
• Historical ponding pro~bility

• Coasta.l wave overtopping

If no, explain why: ~,..:o .1,*, o'er Jrar.1.2-l!? o ...J I,b
~ BZ1:> Caa.. ! ~ Q..II"". (,..,)a,L...

•
-I- -:t' jo~ ~s :" sl';!/<NAy

12 Ves 0 No

o Ves !Sa No
o Ves a No ,vi/A-.
o Ves;gNo ......./1'4

s./.rlA$),.1.VC- 9\4~~~l\S f.o

6. Interior drainage has been analyzed~ on joint prababtlity of interior and exterior flooding and the
capacities of pumping and autfet facilities to provide the estIbHshed leY" of flood protection.

j&ves 0 No
If no, explain why: _

The rate of seepage through the levee s~t.m for the loe-year flood is .\J~r~ ds



8.

9.

The length of le¥H $ystem uWd to dri¥e the ~page rate in item 7:

Will a pumping plant(s) beu~ for interior drainage?

Nln__tt.

o Yes'r5i..NO

~ant #1

If yes, inc1ude the number of pumping planu: _
For each pumping plant. list:

The number of pum~
The ponding storage capacity

The maximum pumping rat.
The maximum pumping he~

The pumping stMting elevation

The pumping stopping eI.vation

Is the discharg. facility protected?

Is there a flood waming plan?

How much tim. is availabl. between
warning and flooding?

Will the operations be automatic? 0 Yes 0 No
If the pum~ are electric, at. th.r. backup power sources? 0 Yes 0 No

(Reference: US. Army ~rps of Engineers EM·' t 10-2·3101, 3102, 3103, 3104, and 3105)

~ant f2

~: Includ. a copy of supporting documentation of data and anal~s. Provid. a map showing the flooded area and
maximum ponding .Ievations for all interior wat.rsheds that result in flooding.

t t. QTM•• OISJGM ClUTUJA

Th. following items have been addresMd as stated:

Liquifaaion 0 is e is not a probl.m.

Hydrocompaetion 0 is St'fs not a problem

Heave differential movement due to soils of high shrink/swell 0 is et is not a problem.

(J YIS~No

2.

3.

For tach of theM problems, stat. the basic facts and corrective aeJ,ion taken.

~/~
I" t'\

If the leveelfloodwaJl is new or enlarged, will the structure adverwfy impact flood levels andlor flow velocities
floodsjd. of the structure?

Attach supporting documentation

~re 1Fe ~annedJin~Ied wons in full campHane. w;(h NFIP reogulatiom, S«tion 44 CFR 01. 1. 65. , O?
~ Yts 0 ,~o

""-2 Fonft'



/

OPEU TlONAL PUN .utO aUTtIUA

1. Does the operation plan incorporate all the provisions for closure devices as required in Se<:tion 65. ,0 (e) (1). of
the NFIP rl!9ulations? 'r>I'

~ Yes 0 No

2. Does the operation plan incorporate all the provisions for interior drainage as required in Section 65.10 (e) (2).
of the NFIP rl!9ulations? ~

tor Yes 0 No

If the answer is no to either of the above. please explain below.

".r·2 FOC'", 8





3.0 SURVEY AND MAPPING INFO~IAnON

3.1 Field Survey Information

Field survey information is provided in TON Volume One under separate cover.

3.2 Mapping

Please refer to Exhibit B for detail of mapping used for this study.
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4.0 HYDROLOGY

4.1 Method Description

The hydrology for this study is broken into two parts. The first part includes the entire

drainage area contributing to Bullard Wash. Refer to TDN Volume One, Section 4.0 for

documentation of this hydrology.

A second hydrologic analysis was prepared by Wood, Patel & Associates, Inc. in order to

estimate the amount of surface runoff contributing to the interior drainage sediment basin and

surface water inlet to the Buckeye [rrigation District Canal located at the northwest comer

of the intersection of the Bullard Wash alignment and the Buckeye [rrigation District Canal.

It is estimated that the lOO-year 24-hour runoff collecting at this location is 355 cfs. Refer

to Table 4.1 below for modeling details of the interior drainage. The HEC-I model is

included on diskette and the filename is SURFACE. The file date is April 4, 1998. Refer the

readme file included on the diskette for further details.

4.2 Parameter Estimation

The hydrologic parameters listed in Table 4.1 are used for both hydrology models.

TABLE 4.1

Summary of Hydrologic Parameters

I Parameter I FCDMC Methods I Result I
Rainfall Deoth NOAA Atlas 2 4.03 inches
Design Stonn 100-Year, 24-hourtl ) per White Tanks ADMS

FrequencylDuration

Design Storm Distribution SCS Type II\2)_ (represents per FCDMC

regions in which high rates

of runoff are generated by

large winter storm cells).
Rainfall Losses Green and Arnpt per White Tanks ADMS

Unit Hydrograoh S-Graph Agricultural per FCDMC
Lag Lag =C(L LcJSP)ID per MCUHP2

Channel Routing Nonnal deoth per FCDMC

Table Notes:

I. FCDMC criteria is the greater of either the lOO-year, 6-hour, or the lOO-year 24-hour. For this Study.

the 100-year. 24-hour stonn controls.

., For the lOO-year 24-hour stonn, the SCS type II distribution is utilized.
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4.2.1 Drainage Area Boundaries

• Bullard Wash Outfall Channel:

Refer to TON, Volume One

• Interior Drainage:

The Bullard Wash Outfall Feasibility Study reveals that there are two sub

basins contributing to the interior drainage location, sub basins 364 and 365.

The Bullard Wash alignment traverses sub basin 364 as shown on Exhibit

A. Thus, the sub basin area was revised and the unit hydrograph recomputed

utilizing the FCDMC microcomputer program MCUHP2. This information

was then input to the U.S. Army Corps of Engineers HEC-l microcomputer

program v 4.0.1e. The following FCDMC criteria was utilized. Refer to

Exhibit A for the drainage area map. The HEC-l output file is provided in

Appendix D.

4.2.2 Watershed Work Maps

Exhibit A contains a 11" x 17" print out of the interior drainage map. Also included

in this submittal is a 24" x 36" copy of the WLB White Tanks/Agua Fria ADMS

watershed map.

4.2.3 Gage Data

There are no gage data available to calibrate precipitation, watershed runoff, or

statistical parameters.

4.2.4 Statistical Parameters

There are no statistical parameters available for this study area.

4.2.5 Precipitation

Refer to Table 4.1 for the precipitation data used for this study area.

4.2.6 Physical Parameters

Refer to Table 4.1 for the physical parameters used for this study area.

4.3 Problems Encountered During the Study

There are no unique problems or conditions for this study.
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4.4 Calibration

No calibration of the watershed physical parameters was attempted.

4.5 Final Results

The hydrologic results for this study area are summarized below in Table 4.2

TABLE 4.2

Summary of Peak Discharges

I
Parameter

I
Interior

IDrainage

HEC-I Model Filename SURFACE

Concentration Point Identifier C@364

Peak Discharge, in cfs 355

Time to Peak, in hours 13.25

Volume of Runoff, in ac-ft 59

Comments n/a
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5.0 HYDRAULICS

5.1 Method Description

The proposed Bullard Wash Outfall Channel will improve the flooding south of Lower

Buckeye Road by intercepting the surface runoff north of Lower Buckeye Road and

conveying it to the Gila River. The COE HEC-RAS v 2.1 microcomputer program is utilized

to model the hydraulic characteristics of Bullard Wash for this study. Cross section geometry

is based on the proposed construction drawings as documented on Exhibit B.

The HEC-RAS analysis is based on the following boundary conditions:

• The downstream lOO-year starting water surface elevation is 906.58 ft for Bullard

Wash as computed by HEC-RAS using the slope area method with a slope of 0.002

ftlft. The lo-year water surface in the Gila River is 906.3 ft per the FEMA study of

record by Dames & Moore.

• The upstream lOO-year starting water surface elevation (supercritical run) is

computed by HEC-RAS using the slope area method with a slope of 0.0046 ftlft.

HEC-RAS output for the mixed flow analysis of the Bullard Wash Outfall Channel and

supporting hydraulic calculations are provided in Appendix E.

5.2 Work Study Map

There is only one reach for this project. The proposed channelization reach of the Bullard

Wash Outfall is from Lower Buckeye Road to the Gila River. The proposed outfall channel

will contain the full 3,200 cfs with adequate freeboard. Wood, Patel & Associates, Inc.

recommends that the entire proposed channel, left bank to right bank, be designated as the

floodway. This proposed floodway is shown on Exhibit C.

5.3 Parameter Estimation

5.3.1 Roughness Coefficients

Tables E1.1 and E 1.2 provide a summary of the Manning's n-values used for this

study and are located in Appendix E.

5.3.2 Expansion and Contraction Coefficients

Table E3, located in Appendix E, provides a summary of the expansion and

contraction coefficients used for this study.

WOODIPATEL Page 12 Bullard Wash Outfall Chann.l- CLOMR Subminal



5.4 Cross Section Description

The study reach of the Bullard Wash Outfall Channel, as shown on Exhibit B, is modeled

using 64 hard coded cross sections with 28 interpolated sections by HEC-RAS, for a total of

92 cross sections. The distance between sections is not greater than 200 feet for the proposed

Bullard Wash Outfall Channel. The three most northern sections are taken from the WLB

study. Cross section numbering corresponds to the construction plan stationing, and is the

distance in feet above the confluence with the Gila River.

Cross section plots are provided in Appendix E. The selected locations of the channel banks

and assigned Manning's n-values are shown on the plots. The cross sections were selected

based on the following criteria.

• Representative of the local channel reach.

• Oriented perpendicular to the direction of flow with the perspective of looking

downstream.

• Do not include ineffective flow areas.

• Large enough to contain the lOO-year peak discharge.

5.5 Modeling Considerations

5.5.1 Hydraulic Jump and Drop Analysis

The proposed Bullard Wash Outfall Channel contains three sloping drop structures.

Each of which force a hydraulic jump. These structures are designed to prevent

erosion as documented in section 6. Appendix E contains the analysis of each

hydraulic jump. The floodplain limits are not adjusted for the hydraulic jump areas

as the entire channel is proposed as the floodway (Section 5.6).

5.5.2 Bridges and Culverts

There are three proposed structures to be built within this study reach, two bridges

and one box culvert. Each crossing is modeled utilizing HEC-RAS. Table 5.1

provides a summary of each proposed crossing. Refer to Exhibit B for the design

details of each structure. Appendix E contains the HEC-RAS output tables for each

structure.
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TABLE 5.1

Summary of Bridge and Culvert Crossings

Crossing Name Station Description Method of Analysis

UPRR Bridge 75+43 3 span concrete bridge HEC-RAS bridge routine

SR 85 Bridge 73+57 3 span concrete bridge HEC-RAS bridge routine

BID Bypass Culvert 28+90.42 4 barreI12'xlO'CBC HEC-RAS culvert routine

5.5.3 Levees and Dikes

There is a gabion lined mattress levee from station 33+30 to station 58+50 for this

study reach. Sufficient freeboard is maintained along this reach as shown in Table

E5.6 of Appendix E. The construction drawings for the proposed levee are provided

on Exhibit B.

5.5.4 Islands and Flow Splits

There are no flow splits or islands within this study reach.

5.5.5 Ineffective Flow Areas

In general, there are no ineffective flow areas of concern for this study reach.

However, there are 7 maintenance ramp locations. Cross sections are placed at the

upstream and downstream limits of the maintenance ramps, thus they are treated as

ineffective flow areas where possible.

There is a 1 foot deep low flow channel from station 82+ 10 to station 119+43 and

an maintenance underpass dip section at the UPRR Bridge. The geometry of these

low flow channels are coded in the HEC-RAS model. It is the opinion of Wood,

Patel & Associates, Inc. that the maintenance ramps and low flow channel are

hydraulically insignificant.

5.5.6 Supercritical Flow

The mixed flow option available in HEC-RAS is utilized to analyze the flow regime

of Bullard Wash. Supercritical reaches within this study area are limited to the

sloping drop structures.
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5.6 Floodway Modeling

Wood, Patel and Associates, Inc. proposes that the entire limits of the proposed Bullard Wash

Outfall Channel be designated as a floodway. Henceforth, a Method 4 floodway

encroachment analysis is perfonned with zero rise for the proposed Bullard Wash Outfall

Channel. Method 1 encroachment is utilized for station 137+00 to station 122+00. This

study matches the FEMA regulated floodplain and floodway data at station 137+00 (riverrnile

2.883) as shown in Table E5.2 of Appendix E. Table 7.2 provides a draft summary of

floodway data in FEMA fonnat.

5.7 Problems Encountered During the Study

5.7.1 Special Problems and Solutions

As described in the Bullard Wash Feasibility Study, the FCDMC has constructed the

Dysart Drain in the northern portion of the White Tanks/Agua Fria ADMS

watershed. This flood control structure intercepts and diverts the lOO-year surface

runoff to the Agua Fria River north of Glendale Avenue. Thus, the lOO-year flowrate

for station 137+00 (RM 2.883 of WLB Study) is 3,200 cfs. However, FEMA

requires this study to match existing floodplain limits of record, thus, stations

137+00 and 131+20 are modeled using the FEMA regulated discharge of 4,906 cfs.

The lOO-year water surface at station 137+00 is 952.8 feet. The floodway elevation

is 953.8. Refer to Table 5.2 of Appendix E for verification of these results.

The drop inlet area north of Lower Buckeye Road is designed to allow the FEMA

designated flooding zones A and AE to weir flow into the proposed channel. An

uneven weir analysis is perfonned for each side of the drop inlet structure. These

water surface elevations are used to establish the floodplain limits along the drop

structure. Refer to Appendix E for weir flow calculations.

5.7.2 Modeling Warning and Error Messages

The HEC-RAS model contains several non critical error messages and notes. The

majority of notes occur for the reaches that contain the concrete lined low flow

channel or sides and bottoms of differing roughness, thus HEC-RAS computes a

composite Manning's n-value for the channel. The second majority of warnings are

related to the conveyance ratio and velocity head differences between cross sections

exceeding the standard HEC-RAS values. These warnings are deemed insignificant

due to a maximum cross section spacing of 200 feet. As expected, the sloping drop

structures produce critical depth warnings and hydraulic jump warnings.
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There are four cross sections that HEC-RAS reports the end points had to be

extended to contain the flow. However, sections 124+45, 123+45, 122+00, and

121 +98 are located at the channel inlet area, which is upstream of the drop inlet

structure. This area is modeled with levees to simulate a 1: 1 contraction of the

effective flow area upstream of the drop inlet structure. HEC-RAS links these levee

sections to the vertical extention of end points warning, thus the warning is not

significant. A print out of the HEC-RAS warnings and notes is also provided in

Appendix E.

5.8 Calibration

No calibration of hydraulic parameters were performed for this study reach.

5.9 Final Results

5.9.1 Hydraulic Analysis Results

The COE HEC-RAS microcomputer model is used to simulate the riverine

characteristics of the proposed Bullard Wash Outfall Channel. The l00-year design

discharge for this reach is 3,200 cfs. Adequate freeboard is maintained throughout:

1 ft minimum plus super elevation component where appropriate, for subcritical

flow; 2 ft minimum plus super elevation component where appropriate, for

supercritical flow. For bridges the minimum freeboard is 2 ft, and for levees

(hydraulic grade line above natural ground) the minimum freeboard is 3 ft. HEC­

RAS output and freeboard considerations are provided in Appendix E.

5.9.2 Verification of Results

The HEC-RAS output provided in Appendix E appears to be reasonable. Bullard

Wash Outfall Channel is a proposed man made channel designed to convey 3,200 cfs

with adequate freeboard and erosion protection where necessary.
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6.0 EROSION AND SEDIMENT TRANSPORT

Erosion and sediment transport analysis for this study area is performed under separate cover and is

included with this submittal. Please refer to Sediment Transpon & Scour Analysis, Bullard Wash

Outfall Channel Improvements, FCD 95-39 by Wood, Patel & Associates, Inc., dated April 10, 1998 for

this information. Subsequent to the aforementioned report, two local scour locations were analyzed,

downstream of the Ford crossing at Broadway Road, and downstream of the BID Bypass Road.

Calculations for these two locations as well as riprap sizing for the grouted riprap reaches and gabion

mattress design for the levee reach are included in Appendix F.
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7.0 DRAFT FIS REPORT DATA

7.1 Summary of Discharges

Table 7.1 provides a summary of discharges in FEMA fonnat for the study area.

TABLE 7.1

Summary of Discharges in FEMA Format

Flooding Source and Location Drainage Area Peak Discharges (cfs)

(Square Miles) 10-year 50-year 100- 500-

year year

Bullard Wash

At Confluence with Gila River 47.09 -1 --1 3,200 --1

At Confluence with East Tributary (@UPRR) 46.57 --I -·1 3,200 --1

At Lower Buckeye Road 91.66 --1 --I 4,906 --1

East Tributary to Bullard Wash 4.59 --1 --1 850 --1

--1 Not Computed

7.2 Floodway Data

Table 7.2 provides a summary of floodway data results in FEMA format for this study area.
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Wood, Patel & Associates, Inc.
TABLE 7.2

Flooday Data in FEMA Format for Bullard Wash Outfall Channel

FLOODING SOURCE FLOODWAY BASE FLOOD WATER SURFACE ELEVATION
Cross Section ID Width Section Area Mean Velocity Regulatory Without With Increase

Reach Sta in feet Sta. in miles (l FEMAID (ft) (sq. ft.) ((ps) Floodway Floodwav (ft)

Bullard Wash 2500.00 0.473 A 96 506 6.3 906.58 906.58 906.58 0
Bullard Wash 2660.00 0.504 B 96 505 6.3 906.90 906.90 906.90 0
Bullard Wash 2860.56 0.542 C 96 505 6.3 907.30 907.30 907.30 0
Bullard Wash 2877.74 0.545 D 51.4 256 12.5 906.45 906.45 906.45 0
Bullard Wash 2901.40 0.550 Culvert -- -- -- -- -- -- --

Bullard Wash 2901.49 0.550 E 51.4 408 7.9 909.45 909.45 909.45 0
Bullard Wash 2911.00 0.551 F 84.8 517 6.2 909.93 909.93 909.93 0
Bullard Wash 2995.26 0.567 G 81.4 229 14.0 909.69 909.69 909.68 0
Bullard Wash 3002.33 0.569 H 62.2 270 11.9 910.82 910.82 910.82 0
Bullard Wash 3049.67 0.578 I 62.2 312 10.3 911.59 911.59 911.59 0
Bullard Wash 3064.67 0.580 J 62.2 315 10.2 911.65 911.65 911.65 0
Bullard Wash 3088.94 0.585 K 88 465 6.9 912.81 912.81 912.81 0
Bullard Wash 3141.00 0.595 L 88 459 7.0 912.84 912.84 912.84 0
Bullard Wash 3266.00 0.619 M 88 449 7.1 912.92 912.92 912.92 0
Bullard Wash 3330.00 0.631 N 110 548 5.8 913.25 913.25 913.25 0
Bullard Wash 3372.00 0.639 0 120 583 5.5 913.35 913.35 913.35 0
Bullard Wash 3562.61 • 0.675 P 120 582 5.5 913.62 913.62 913.62 0
Bullard Wash 3753.23 • 0.711 Q 120 582 5.5 913.90 913.90 913.90 0
Bullard Wash 3943.84 • 0.747 R 120 582 5.5 914.17 914.17 914.17 0
Bullard Wash 4134.46 • 0.783 S 120 581 5.5 914.45 914.45 914.45 0
Bullard Wash 4325.07 • 0.819 T 120 581 5.5 914.72 914.72 914.72 0
Bullard Wash 4515.69 • 0.855 U 120 580 5.5 915.00 915.00 915.00 0
Bullard Wash 4706.30 '!< 0.891 V 120 581 5.5 915.28 915.28 915.28 0
Bullard Wash 4896.92 • 0.927 W 120 581 5.5 915.55 915.55 915.55 0
Bullard Wash 5087.53 • 0.964 X 120 580 5.5 915.83 915.83 915.83 0
Bullard Wash 5278.15 • 1.000 Y 120 580 5.5 916.11 916.11 916.11 0
Bullard Wash 5468.76 • 1.036 Z 120 580 5.5 916.38 916.38 916.38 0
Bullard Wash 5659.38 • 1.072 AA 120 580 5.5 916.66 916.66 916.66 0
Bullard Wash 5850.00 l.l08 AB 120 580 5.5 916.94 916.94 916.94 0
Bullard Wash 5900.00 1.117 AC 116 580 5.5 917.01 917.01 917.01 0
Bullard Wash 6020.00 l.l40 AD 116 579 5.5 917.18 917.18 917.18 0
Bullard Wash 6220.00 1.178 AE 116 580 5.5 917.47 917.47 917.47 0
Bullard Wash 6322.00 1.197 AF 116 579 5.5 917.62 917.62 917.62 0
Bullard Wash 6400.00 1.212 AG 116 583 5.5 917.74 917.74 917.74 0
Bullard Wash 6510.00 • 1.233 AH 116 586 5.5 917.90 917.90 917 .90 0
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Wood, Patel & Associates, Inc.
TABLE 7.2

Flooday Data in FEMA Format for Bullard Wash Outfall Channel

FLOODING SOURCE FLOODWAY BASE FLOOD WATER SURFACE ELEVATlON
Cross Section ID Width Section Area Mean Velocity Regulatory Without With Increase

Reach Sta in feet Sta. in miles (l FEMAID (ft) (SQ. fL) (fps) Floodwav Floodwav (ft)

Bullard Wash 6620.00 1.254 AI 116 590 5.4 918.07 918.07 918.07 0
Bullard Wash 6776.75 • 1.283 AJ 116 595 5.4 918.29 918.29 918.29 0
Bullard Wash 6933.50 • 1.313 AK 116 600 5.3 918.50 918.50 918.50 0
Bullard Wash 7090.25 • 1.343 AL 116 603 5.3 918.71 918.71 918.71 0
Bullard Wash 7247.00 1.373 AM 116 606 5.3 918.92 918.92 918.92 0
Bullard Wash 7280.00 1.379 AN 98 553 5.8 918.90 918.90 918.90 0
Bullard Wash 7300.00 1.383 AD 98 552 5.8 918.91 918.91 918.91 0
Bullard Wash 7357 BR D 1.393 -- -- 489 6.6 918.77 918.77 918.77 0
Bullard Wash 7357 BR U 1.393 -- -- SOl 6.4 919.04 919.04 919.04 0
Bullard Wash 7417.00 1.405 AP 98 573 5.6 919.26 919.26 919.26 0
Bullard Wash 7440.00 1.409 AO 98 572 5.6 919.27 919.27 919.27 0
Bullard Wash 7500.00 1.420 AR 98 567 5.6 919.30 919.30 919.30 0
Bullard Wash 7523.00 1.425 AS 98 583 5.5 919.34 919.34 919.34 0
Bullard Wash 7533 BR U 1.427 -- -- 524 6.1 919.22 919.22 919.22 0
Bullard Wash 7533 BR D 1.427 -- -- 526 6.1 919.25 919.25 919.25 0
Bullard Wash 7543.00 1.429 AT 98 591 5.4 919.43 919.43 919.43 0
Bullard Wash 7558.00 1.431 AU 98 572 5.6 919.42 919.42 919.42 0
Bullard Wash 7605.00 1.440 AV 98 572 5.6 919.44 919.44 919.44 0
Bullard Wash 7700.00 1.458 AW 112 566 5.7 919.47 919.47 919.47 0
Bullard Wash 7744.00 1.467 AX 112 222 14.4 917.48 917.48 917.48 0

Bullard Wash 7771.64 1.472 AY 98 228 14.1 918.71 918.71 918.71 0
Bullard Wash 7925.82 • 1.501 AZ 98 200 16.0 925.06 925.06 925.06 0
Bullard Wash 8080.00 1.530 BA 98 260 12.3 932.41 932.41 932.41 0
Bullard Wash 81 00.00 1.534 BB 125 314 10.2 933.73 933.73 933.73 0
Bullard Wash 8210.00 1.555 BC 125 465 6.9 935.30 935.30 935.30 0
Bullard Wash 8348.00 • 1.581 BD 125 494 6.5 935.74 935.74 935.74 0
Bullard Wash 8486.00 • 1.607 BE 125 515 6.2 936.10 936.10 936.10 0
Bullard Wash 8624.00 • 1.633 BF 125 530 6.0 936.41 936.41 936.41 0
Bullard Wash 8762.00 • 1.659 BG 125 543 5.9 936.69 936.69 936.69 0
Bullard Wash 8900.00 1.686 BH 125 552 5.8 936.94 936.94 936.94 0
Bullard Wash 9000.00 1.705 BI 116 537 6.0 937.09 937.09 937.09 0
Bullard Wash 9080.00 1.720 BJ 116 543 5.9 937.24 937.24 937.24 0
Bullard Wash 9200.00 1.742 BK 116 547 5.9 937.44 937.44 937.44 0
Bullard Wash 9372.00 1.775 BL 125 579 5.5 937.77 937.77 937.77 0
Bullard Wash 9529.00 • 1.805 BM 125 584 5.5 938.00 938.00 938.00 0
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Wood, Patel & Associates, Inc.
TABLE 7.2

Flooday Data in FEMA Format for Bullard Wash Outfall Channel

FLOODING SOURCE FLOODWAY BASE FLOOD WATER SURFACE ELEVATION
Cross Section ID Width Section Area Mean Velocity Regulatory Without With Increase

Reach Sta. in feet Sta in miles (l FEMAID (ft) (SQ. ft.) (fps) Floodway Floodwav (ft)

Bullard Wash 9686.00 • 1.834 BN 125 587 5.5 938.22 938.22 938.22 0
Bullard Wash 9843.00 • 1.864 BO 125 591 5.4 938.44 938.44 938.44 0
Bullard Wash 10000.00 1.894 BP 125 594 5.4 938.66 938.66 938.66 0
Bullard Wash 10100.00 1.913 BO 116 574 5.6 938.77 938.77 938.77 0
Bullard Wash 10200.00 1.932 BR 116 576 5.6 938.92 938.92 938.92 0
Bullard Wash 10300.00 1.951 BS 125 602 5.3 939.09 939.09 939.09 0
Bullard Wash 10430.00 • 1.975 BT 125 602 5.3 939.26 939.26 939.26 0
Bullard Wash 10560.00 • 2.000 BU 125 604 5.3 939.43 939.43 939.43 0
Bullard Wash 10690.00 • 2.025 BV 125 605 5.3 939.59 939.59 939.59 0
Bullard Wash 10820.00 2.049 BW 125 605 5.3 939.76 939.76 939.76 0
Bullard Wash 11000.00 2.083 BX 125 606 5.3 939.98 939.98 939.98 0
Bullard Wash 11100.00 2.102 BY 116 585 5.5 940.09 940.09 940.09 0
Bullard Wash 11200.00 2.121 BZ 116 586 5.5 940.22 940.22 940.22 0
Bullard Wash 11300.00 2.140 CA 125 611 5.2 940.39 940.39 940.39 0
Bullard Wash 11425.00 • 2.164 CB 125 612 5.2 940.54 940.54 940.54 0
Bullard Wash 11550.00 2.188 CC 125 612 5.2 940.70 940.70 940.70 0
Bullard Wash 11735.00 2.223 CD 116 590 5.4 940.90 940.90 940.90 0
Bullard Wash 11883.00 2.251 CE 116 592 5.4 941.10 941.10 941.10 0
Bullard Wash 11932.00 2.260 CF 116 591 5.4 941.16 941.16 941.16 0
Bullard Wash 11943.00 2.262 CG 98 544 5.9 941.13 941.13 941.13 0
Bullard Wash 12195.00 2.310 CH 98 145 22.1 936.92 936.92 936.92 0.00
Bullard Wash 12198.00 2.310 CI 1450 640 5.0 945.82 945.82 945.82 0.00
Bullard Wash 12200.00 2.311 CJ 130 481 6.7 946.90 946.90 947.50 0.60
Bullard Wash 12345.00 2.338 CK 225 783 4.1 946.92 946.92 947.87 0.95
Bullard Wash 12445.00 2.357 CL 300 885 3.6 947.51 947.51 948.30 0.79
Bullard Wash 12640.00 2 2.394 CM 415 1378 2.3 947.85 947.85 948.67 0.82
Bullard Wash 13120.00 2 2.485 CN 365 725 6.8 948.89 948.89 949.04 0.15
Bullard Wash 13700.00 2 2.595 CO 350 1430 3.4 952.80 952.80 953.80 1.00

NOles: * Denoles HEC-RAS Inlerpolaled Cross Seclion
I) Miles above conlluance wilh Gila River
2) Stations 126+40, 131+20 & 137+00 are RM 2.690, 2.771, & 2.883 of previos study, respectively. Channelication of

Bullard Wash reduces lhe dislance from lhe confuance with lhe Gila River by approximalely 0.29 miles
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1.3 Annotated Flood Insurance Rate Map

Figure 7.1 contains the proposed Bullard Wash Outfall Channel CLOMR information as

documented within this report. Refer to Exhibit C for t100dway work maps.
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7.4 Flood Profiles

Figure 7.2 contains the proposed Bullard Wash Outfall Channel flood profIle for the lOO-year

storm.
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Data Collection Summary



The following is a list of data collected for this study area:

• Electronic copies of the White Tanks/Agua Fria ADMS HEC-I input and output files,

electronic copies of HEC-2 input files.

• A 24" x 36" copy of the White Tanks/Agua Fria ADMS Drainage Area Map.

• FEMA FIRM panel 040 13C2070F, dated September 30,1995.

A 11" x 17" reduced copy of the construction plans for the proposed Bullard Wash Outfall

Channel by Sverdrup Civil, Inc., July 1998, included in Exhibit B.

• General details of proposed bridge crossings, more specifically, type of crossing, length and

number of spans, pier information, and proposed geometry necessary for hydraulic modeling

purposes. General bridge information follows this page. Design data for bridges is auached

to the construction plan set as referenced in Exhibit B, and also included in Appendix E4.
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Special Problem Reports

There are no special problem reports for this study area.
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• TELECON
Sverdrup Civil, Inc.

Date: December 17, 1997

TO: Gary Voogd
Union Pacific Railroad

FROM: Bradford D. Olbe~ P.E.
Project Manager
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
UPRR Bridge over Proposed Bullard Wash Channel

•
SUMMARY:

Mr. Olbert contacted Mr. Voogd on December 12th concerning the design of a new railroad bridge
over the proposed Bullard Wash Channel in Maricopa County, Arizona. Mr. Voogd had discussed
the project earlier in the week with Don Rerick (Flood Control District of Maricopa County
(FCDMC» and received a copy ofthe schematic of the bridge site.

Mr. Voogd said that the railroad bridge over the proposed Bullard Wash Channel will need to use
a special abutment to accommodate a "IT' shaped channel section with a retaining wall adjacent to
the abutment The railroad can accommodate the channel shape but not with their standard abutment
design. The special abutment would double the cost ofthe railroad structure because ofadditional
pile bents and concrete.

Mr. Voogd suggested that the railroad bridge standard span be lengthened to 34 feet to maintain an
earth berm on the inside ofthe abutment. A 3-foot earth shelf is needed on the channel side of the
pile cap with a 1:1 slope down to the channel bottom provided the channel is lined with concrete to
cover the soil berm. Mr. Voogd provided a sketch (by Fax) of the basic dimensions of the bridge
abutment utilizing the 34-foot span length with the berm (see attachment). The resultant channel will
have a bottom width of79 feet. The cost per foot for the bridge is approximately S38001LF.

The proposed at-grade crossing and the tailwater culve~ shown on the bridge site pl~ will need
to be addressed by Bob Prince. Mr. Voogd will only provide costs for the proposed bridge crossing.
Removal of the two existing railroad bridges (tailwater bridge @ MP 887.39 and the bridge over
existing Bullard Wash @ MP 887.76) should be a separate issue from the railroad bridge and can• 432 N. 44th Street, Suite 250 Phoenix, Arizona 85008 Tel. (602) 231-8999

Fax. (602) 220-9199



• be done at a later date (because their removal is not required for this project).

Mr. Olbert said that the removal of the existing railroad bridge in the future at MP 887.76 should be
coordinated with the Maricopa County Department ofTransportation (MCDOT). MCDOT will also
need to remove their highway bridge over the existing Bullard Wash. The bridges need to be
replaced with a small culvert (possibly a pipe culvert) to carry tailwater from the East Tributary
under both the railroad and the highway.

Mr. Olbert confumed the change in the proposed channel section and longer bridge with Mr. Rerick
at the Flood Control District ofMaricopa County (FCDMC). A follow-up message was left on Mr.
Voogd's voice mail to proceed with the UPRR cost estimate using a m-foot long bridge with the
earth berm as described above and shown on the attached sketch. 101-~~)

•

Signed:

Distribution:

~j)0IM!
Bradfo D. Olbert, P.E.

Don Rerick - FCDMC
o13884-2B

• 432 N. 44th Street, Suite 250 Phoenix, AriZona 85008 Tel. (602) 231-8999
Fax. (602) 220-9199
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• TELECON
Sverdrup Civil, Inc.

Date: January 12, 1997

TO: Ron Rayner
A-Tumbling-T Ranches

FROM: Bradford D. albert, P.E.
Project Manager
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements. Final Design
Tailwater Discharge from East Local Tributary

•
SUMMARY:

Mr. Rayner returned Mr. albert's call on January 12th concerning the meeting date for the proposed
Bullard Wash Channel. He will be able to attend the meeting in Goodyear on January 20th.
Mr. Olbert asked Mr. Rayner ifhe knew what the tailwater flow rates were from both the East Local
Tributary and the Bullard Wash tai1water ditch. Mr. Rayner said the maximum flow rates are in the
range of 10 to 15 cfs. If pipe sizes of 30 to 36-inches are provided, it would be adequate for his
needs. Mr. Rayner preferred a pipe size that would provide the tailwater flow but would also reduce
the amount of storm water flow he receives. The storm water causes considerable damage to his
facilities, so a smaller pipe would be better. Mr. albert said he would look at the 30 and 36-inch pipe
size flow ranges and bring the information to the meeting next week. A pipe size can be selected at
the meeting.

Signed:

Distribution:

~J)C¥6J-
Bradii"dI>.Olbert, P.E.

Don Rerick - FCDMC
013884-2B

• 432 N. 44th Street. Suite 250 Phoenix. Arizona 85008 Tel. (602) 231-8999
Fax. (602) 220-9199



• TELECON
Sverdrup Civil, Inc.

Date: April 6, 1998

TO: File

FROM: Dan Stough, P.E.
Project Engineer
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
(Western Area Power AssociationOH Power Line Clearances)

•
SUMMARY:
Mr. Stough contacted Roy Watson (Western Area Power Association, WAPA). Mr. Stough
asked for clarification of the overhead power line clearances stated by Mr. Watson in a letter to
John Palmeri.

Mr. Watson stated in the phone conversation that the minimum clearance is twenty-four feet
(24') from wires to top of berm (the operation and maintenance road surface). The maximum
height VEHICLE is 15' at any time. Extra caution should be used during summer months
because of increased sag due to load and heat.

Mr. Watson also added that warning balls must be installed on the wires if the channel is to be
inspected using helicopter or winged aircraft. The Operation and Maintenance guidelines will be
written to include maximum heights on vehicles (not to exceed 15 feet) and that aircraft shall
NOT be used to inspect the channel south of MC 85.

Signed:

Distribution:

• 432 N. 44th Street. Suite 250

013884-2B

Phoenix. Arizona 85008 Tel. (602) 231-8999
Fax. (602) 220-9199



• TELECON
Sverdrup Civil, Inc.

Date: June 9, 1998

TO: Tim Smith

FROM: Bradford D. Olbert, P.E.
Project Engineer
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
60% Construction Plan Review by Tim Smith

•
SUMMARY:

Mr. albert contacted Tim Smith for his comments on the above plan set. The following are his
comments:

1. Because of the way the fields drain, additional tailwater pipes will be needed at stations 107+50
and 116+00. The pipes should be 12 inches in diameter.

2. The tailwater pipe located at station 119+80 is shown as a 12-inch pipe. This is too small of a
pipe diameter. The existing pipe is larger than 12 inches. The minimum pipe size should be 18
inches. Mr. albert said he will check the existing pipe size before resizing the pipe.

3. All other plan items were satisfactory.

•

Signed:

Distribution: Don Rerick, FCDMC
013884-2B

637 s. 48th Street. Suite 101 Tempe. Arizona 85281 Tel. (602) 303-9799
Fax. (602) 303-9899



• TELECON
Sverdrup Civil, Inc.

Date: June 22, 1998

TO: Tim Smith

FROM: Bradford D. Olbert, P.E.
Project Engineer
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
60% Construction Plan Review by Tim Smith

•
SUMMARY:

Tim Smith contacted Mr. Dibert concerning the deletion of a tailwater pipe requested earlier (6/9/98)
by Mr. Smith at station 116+50. Mr. Smith said that the Wood property has a low spot at that
location. Mr. DIbert said that the new tailwater ditch would be located approximately 220 ft to the
west of its current location. Because the ditch is further to the west the ground can be graded to drain
to the north to the location of the proposed tailwater inlet. Mr. Smith said that the ground is higher
to the west of the new channel and agreed that a tailwater ditch could be graded to the proposed
tailwater inlet.

•

Signed:

Distribution: Don Rerick, FCDMC
013884-2B

637 S. 48th Street. Suite 101 Tempe. Arizona 85281 Tel. (602) 303-9799
Fax. (602) 303-9899



• TELECON
Sverdrup Civil, Inc.

Date: June 24, 1998

TO: Pete Thomas, APS
Transmission Maintenance Dept.
# 371-7156

FROM: Bradford D. Olbert, P.E.
Project Engineer
Sverdrup Civil, Inc.

•

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements· Final Design
Fence Grounding under Transmission Towers

SUMMARY:

Mr. albert contacted Mr. Thomas about the grounding of fences and railings under the high VOltage
transmission lines. The following was discussed.

• In a situation such as Bullard Wash where there are three transmission lines crossing the channel
adjacent to one another, APS would place a grounding rod 75 feet each side of the transmission
corridor (not on each side of a transmission line) and possibly one more in the center of the three
lines. For a single high voltage transmission line place a grounding rod 75 feet to each side of
the line.

• He will send grounding details to Sverdrup that APS uses.

•

Signed:

Distribution:

~!JOLMI--
Bradf D. albert, P.E.

Don Rerick. FCDMC
013884-2B

637 s. .18tn Street. SUite 101 Tempe. Arizona 85281 Tet. (602) 303·9799
Fax. (602) 303·9899



• TELECON
Sverdrup Civil, Inc.

Date: June 30, 1998

TO: Barbara Rust
Coe & Van Loo Consultants, Inc.

FROM: Bradford D. Olbert, P.E.
Project Engineer
Sverdrup Civil, Inc.

•

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Broadway Road Access through Bullard Wash

SUM:MARY:

Mr. Gibert contacted Ms. Rust concerning the Broadway Road access through Bullard Wash. The
following was discussed.

• During construction of the channel, there will be periods of time that access through the channel
at Broadway Road will be restricted. The specification will be clear that the contractor will need
to coordinate with Mr. Rayner to schedule the closures.

• The contractor will be required to maintain the irrigation system through the construction site
for the duration of the work.

• Ms. Rust said that everyone always assumed that some closure would be necessary but she will
contact Mr. Rayner and inform him of the possible closures and the coordination with the
contractor on the timing and duration of the closures.

•
Signed:

Distribution: Don Rerick, FCDMC
013884-2B

637 s. .u3th Street. SUite 101 Tempe. Anzona 85281 Tel. (602) 303-9799
Fax. (602) 303·9899
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Meeting Minutes and Reports



•
SUBJECT:

Standard Maintenance Procedures
Prepared for the Bullard Wash Channel Project

Maintenance of Channels, Linings and Structures

PURPOSE: To insure the integrity of the project is preserved and will function as
designed.

OWNERSHIP: The City of Goodyear, Arizona shall be responsible for the ownership,
operation and maintenance of the completed project. The Interim Public
Works Director, Andrew Cooper, will be the responsible person at the
City.

LOCATION: Main Bullard Wash Channel, East Tributary Channel, Spillway at the
BID Canal east of the Bullard Wash Channel, and the O&M Road and
Benn at Lower Buckeye Road

PROCEDURE A: Channel and Inlet Pipes

•
1. Vegetation - Desert brush and grasses can be allowed to grow within the

channel bottom. Desert brush must not exceed 2-3 feet in height and vegetation
type must be able to break away during stonn event (Le. brittlebush) or be able
to bend over and flatten (Le. Desert Marigold). Vegetation types that must be
removed include woody stemmed plants (Le. Desert Broom, Salt Cedar, etc.). If
grasses are established, maintain the height to a maximum of six inches.

2. Sediment Deposits - Remove deposits of loose material to obtain designed
grades and cross sections. Loose deposited materials shall not be used within the
channel unless tested to meet the earthfill criteria in the construction
specifications. At a minimum, sediment deposits shall be removed annually,
unless quarterly inspections identify a need for more frequent removal.

3. Erosion - Make repairs to eroded areas by replacing lost material with
compacted earth, or other suitable erosion resistant material, in accordance with
the original construction specifications.

4. DebrislTrash - During quarterly inspections and after stonn events, all trash
and organic debris is to be removed from the area as soon as possible. Inspect all
drainage pipes that discharge into the channel. Remove all trash and organic
debris from pipe inlets as soon as possible.

•
5. Gabion Lining - During quarterly inspections and after stonn events, all gabion

baskets or mattresses that have been damaged shall be repaired using the
manufacturer procedures as soon as possible. The Polyvinyl Chloride (PVC)



•

•

6.

7.

8.

coating on the gabion wire also requires inspection. Where the PVC coating has
been damaged, the damaged coating shall be removed and the PVC coating
reapplied per manufacturer's procedures. Yearly inspections will include
excavation of buried gabions and a check of steel anchor stakes to inspect for
corrosion. At a minimum, excavation locations will include one site south of the
Buckeye Irrigation District (BID) South Maintenance Road, three sites between
the BID Canal and the MC 85 Bridge, and three additional sites between the
drop structure located north of the Union Pacific Railroad Bridge and Lower
Buckeye Road. Each yearly inspection shall also stagger the excavation
locations so that a comprehensive inspection is performed year-to-year.

Grouted Riprap Lining - During quarterly inspections and after storm events,
riprap lining that has been damaged shall be repaired. Repairs shall include
replacement of riprap material and grout, filter blankets, and the seepage/back
drainage system. Inspections shall include a check of all weep holes and
removal of any blockages.

Concrete Lining - During quarterly inspections and after storm events, the
concrete lining shall be checked for damage and cracking. Hairline cracks are
typically caused by shrinkage of the concrete, which is a normal condition.
Cracks that are wide enough for a quarter to be inserted into the crack, should be
repaired as soon as possible. Inspection shall include a check of the weep holes.

BID Overchute I BID South Maintenance Road Box Culvert - During
quarterly inspections and after storm events, the concrete surfaces shall be
checked for damage and cracking. Inspect the condition of all joints. Items
requiring repair should be scheduled as soon as possible. Maintenance vehicle
weights should be limited to that which is legal for operation on a highway. The
box culvert has a height limitation of 10 feet.

9. Levee - Top of berm elevations along the earthen levee, located between the
BID Canal and 450 feet south of Broadway Road, shall be surveyed annually for
the first five (5) years of operation to check for settlement and/or subsidence,
and then bi-annually in the following years. Areas requiring repair shall be
scheduled as soon as possible. Caution must be given to overhead power lines.
The maximum height of vehicles is 15 feet.

PROCEDURE B: Rodent Control

1. Gophers can damage embankments, berms and levees by burrowing deep holes
with more than one outlet. Fresh mounds of soil can identify new gopher outlets.

•
2. Ground squirrels can also damage structures even with insignificant numbers

and must be treated.
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• 3. A licensed pesticide applicator shall apply the appropriate pesticide and the
Material Safety Data Sheets shall be with the licensed applicator.

4. After rodent activity has been controlled, holes are to be filled and compacted.

PROCEDURE C: General Vandalism and Graffiti

1. Graffiti needs to be removed as soon as possible to discourage repeated
applications.

2. General vandalism to include cut or damaged fencing, damaged signs, illegal
ingress, dumped trash, etc. are to be removed/repaired as soon as noted for the
safety of the general public and to control other fonns of vandalism from
occurring.

3. All vandalized signs are to be repaired or replaced to insure public safety and
awareness.

INSPECTIONS:

• 1. Quarterly Operational Inspections:
a. List any discrepancies.
b. Review for action required.
c. Schedule necessary repairs.

2. Annual Maintenance Inspection:
a. List all needed maintenance and repairs.
b. Assign work orders for the noted repairs.

3 Formal Annual Inspection:
a. Inspect project to insure all maintenance and repairs are completed

satisfactorily.
b. Complete annual inspection reports for file.

4. Major Storm Event:
a. Inspect project during or after every major storm event.
b. List any problems.
c. . Record flow depths.
d. Schedule necessary repairs.

•
5. Citizen ComplaintslInquiries:

a. Investigate area of complaint.
b. Respond to citizen within 48 hours.
c. Take action if in-house/refer to proper agency, if not.

3



• MEMORANDUM
Sverdrup Civil, Inc.

Date: August 5, 1998

TO: Larry Martinez and Chris Stevens
City of Goodyear
119 North Litchfield Road
Goodyear, Arizona 85338

Don Rerick
Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, Arizona 85009

FROM: Bradford D. Olbert, P.E.
Project Manager
Sverdrup Civil, Inc.

•

•

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Channel Roughness Factors

The proposed Bullard Wash Channel from the Lower Buckeye Road inlet area to the Gila River is
composed of several different channel sections and types of lining materials. Below is a discussion
of the roughness factors used to calculate the channel hydraulic capacity/water surface profiles, and
the limitations of each channel section to keep the channel operating within the design parameters.

To simplify the discussion, Bullard Wash has been divided into segments correlating to the different
types of channel section used. Starting from just north of Lower Buckeye Road and proceeding south
to the Gila River, the channel segments are identified by the stationing used in the construction plan
set.

Station 122+00 to 119+54 (Channel Inlet Area) - Drop inlet area is designed to collect upstream
flows. The inlet area will be lined with rock-filled gabion baskets and mattresses to minimize erosion
to the channel. The baskets will be stair stepped to provide a cascading effect to the captured
overbank flows. The rock-filled baskets have a roughness factor (n) of 0.029 (per manufacturer). For
the design, an n value of 0.030 was used. This channel section is temporary and will be removed
when the channel is extended to the north.

Station 119+54 to 81+02 (Composite Channel Section) - Composite channel section is designed
to convey flows around the west end of the Phoenix Goodyear Airport. The composite section is
composed of 2: 1 and 3: I sideslopes lined with rock-filled mattresses (to minimize erosion to the
channel banks) and an earthen bottom. In addition, a narrow concrete lined ditch is located within
the channel section to convey irrigation tailwater flows. The tailwater exits at the end of this channel
reach. The rock-filled mattresses have a roughness factor of 0.027 (per manufacturer). For the design,
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an n value of 0.030 was used. The higher n value was chosen to allow for some vegetative growth
(grasses and brush I to 2 ft high) along the sideslopes. For the channel bottom an n value of 0.032
was selected for the design. A clean soil bottom will have an n value of 0.025, however, with the
City of Goodyear's desire to allow vegetative growth within the channel, for aesthetic reasons, the
higher n value was used. The narrow concrete lined ditch will have an n value of 0.015 (heavy broom
finish).

The vegetative growth on the channel bottom will need to be limited to grasses and short brush 1 to
3 ft in height. Some examples of brush types to use are common desert plants such as the brittle bush
and desert marigold. The brittlebush is particularly good because of its brittle nature it will be easily
striped away during a major stonn event. One brush type to avoid is the desert broom, which has a
deep taproot and can grow to 10+ ft in height. Tree plantings should be avoided within this section.

Station 81+02 to 77+00 (Grouted Riprap Channel Section) - The grouted riprap channel section
is designed to provide a roughened (high n value) channel section in lieu of a drop structure at the
southwest end of the Phoenix Goodyear Airport. The section is lined with grouted rock that is 22
inches thick. A narrow 15-ft wide concrete maintenance roadway is located within the channel
section to provide continuous access along the channel bottom. The pathway surface will have a
roughened surface (raked finish) to discourage the use of roller blades or skateboards. In addition,
several tree wells using concrete pipe section have been added to enhance aesthetics. The grouted
riprap has an n value of 0.042. The narrow 15-ft wide concrete maintenance roadway has an n value
of 0.019. A composite n value of 0.038 was used for the design of the channel section.

Station 77+00 to 72+90 (Concrete Lined Channel Section) - The concrete lined channel section
is designed to provide a hardened channel section at the end of the grouted riprap section and
through the railroad and highway bridges. The section is lined with reinforced concrete that is 6
inches thick. The hardened surface is necessary to control the erosive action downstream of the
grouted riprap section and eliminate local scour conditions at the bridges. The railroad bridge has
a limited vertical clearance. A 15-ft wide maintenance path that is depressed one-foot under the
railroad bridge will provide a ID-ft clearance for maintenance vehicles. The highway bridge provides
10+ ft of clearance. The bottom concrete surface will be roughened (raked finish) to discourage the
use of roller blades or skateboards. The concrete bottom surface and the concrete sideslopes (heavy
broom finish) have roughness factors of 0.019 and 0.015 respectively.

Station 72+90 to 33+30 (Composite Channel Section) - Composite channel section is designed
to convey flows south of the highway to the BID canal. The composite section is composed of
sideslopes lined with rock-filled mattresses (to minimize erosion to the channel banks) and an
earthen bottom. The rock-filled mattresses have a roughness factor of 0.027 (per manufacturer). For
the design, an n value of 0.030 was used. The higher n value was chosen to allow for some
vegetative growth (grasses) along the sideslopes. For the channel bottom an n value of 0.032 was
selected for the design. See earlier section concerning the City of Goodyear's desire to allow
vegetative growth within the channel for aesthetic reasons.

Station 33+30 to 30+02 (Concrete Lined Channel Section) - The concrete lined channel section
is designed to provide a hardened transition channel section from the PVNGS 96-inch concrete
encasement to the BID overchute structure. The section is lined with reinforced concrete that is 6
inches thick. The hardened surface is necessary to transition from the 80-ft wide composite section
to the 62-ft wide overchute structure. The bottom concrete surface will be roughened to discourage
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the use of roller blades or skateboards. The concrete bottom surface (raked finish) and the concrete
sides lopes (heavy broom finish) have roughness factors of 0.019 and 0.015 respectively.

Station 30+02 to 29+04 (Grouted Riprap Channel Section) - The grouted riprap channel section
is designed to provide a roughened (high n value) channel section in lieu of a drop structure at the
south end of the BID overchute structure. The section is lined with grouted rock that is 22 inches
thick. A narrow 15-ft wide concrete maintenance roadway is located within the channel section to
provide continuous access along the channel bottom. The roadway surface will have a roughened
surface (raked finish) to discourage the use of roller blades or skateboards. The grouted riprap has
a roughness factor of 0.042. A composite n value of 0.038 was used for the design of the channel
section.

Station 29+04 to 28+60 (Box Culvert Section) - The box culvert is designed to convey flows under
the BID South Maintenance Road. The box culvert has four barrels that are lO-ft high and 12-ft
wide. The eastern most barrel will be used to provide continuous maintenance access from the Gila
River to the upper sections of the channel. For the design, the bottom surface of the eastern most
barrel will be roughened with a raked finish similar to the maintenance roadway (n value of 0.019).
The other three barrels will have the bottom surface roughened with a heavy broom finish (n value
of 0.015).

Station 28+60 to 25+00 (Composite Channel Section) - Composite channel section is designed
to convey flows south of the BID canal maintenance road to the Gila River. The composite section
is composed of sideslopes lined with rock-filled gabion baskets (to minimize erosion to the channel
banks) and an earthen bottom. An n value of 0.030 was used for the rock-filled gabion baskets and
0.032 was selected for the channel bottom. See earlier composite channel section description
concerning the City of Goodyear's desire to allow vegetative growth within the channel for aesthetic
reasons. This section is located within the Gila River floodway and may experience damage when
the river flows. The flexible gabion system has the highest potential of surviving a major flow on
the Gila River in comparison to other lining materials.

Station 25+00 to 18+00 (Earthen Channel Section) - The earthen channel section is designed to
convey low flows south of the composite channel section. The earthen channel section is located
within the Gila River floodway and provides an excavated low flow pathway to the main Gila River
channel. This section may be washed away when the river flows. A roughness factor of 0.032 was
used for the channel sideslopes and bottom. See earlier section concerning the City of Goodyear's
desire to allow vegetative growth within the channel for aesthetic reasons.

•
Signed:

Distribution:

637 S. 48th Street. Suite 101

~a~
Bradf'OD:Olbert, P.E.

013884-2B
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MEMORANDUM
Sverdrup Civil, Inc.

Date: July 14, 1998
TO: Tim Edwards and Larry ~Iartinez

City of Goodyear
119 North Litchfield Road
Goodyear, Arizona 85338

Don Rerick
Flood Control District of Maricopa County
2801 West Durango Street
Phoenix, Arizona 85009

FROM: Bradford D. albert, P.E.
Project Manager
Sverdrup Civil, Inc.

SUBJECT: Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Gabion Basket Longevity and Maintenance

The proposed Bullard Wash Channel from the Lower Buckeye Road inlet area to the Gila River
utilizes the gabion system (rock filled wire baskets) of lining material for approximately 87 percent
of the channel length. Several linings were investigated to preclude meandering of the channel
including concrete, soil cement, grouted riprap, riprap and gabions. The City of Goodyear chose the
gabion system because it was more aesthetically pleasing than the concrete lining material that was
recommended in an earlier study. Other benefits of the gabion system are it provides a bank lining
that is flexible (less likely to have a total failure of the lining), it is durable, and it is easier for an
individual to exit the drainage channel during a flood event (in comparison to concrete). Three
drawbacks of the gabion system include a higher roughness coefficient (in comparison to concrete,
0.030 vs. 0.015), wire damage, and corrosion potential of the wire. The higher roughness coefficient
results in a larger channel section, while damage and corrosion of the wire are related to how long
the system will last and maintenance concerns. Below is a discussion of the wire damage and
corrosion potential of the system and measures taken to reduce that potential.

The gabion system of bank protection has been widely used for many years and many locations. The
first gabion system has been in use since 1894 along the Reno River banks in Italy. The gabion
system has been used in Arizona for flood protection. One installation located in the City of Glendale
on Skunk Creek south of Union Hills Road has been in place since 1987. The Skunk Creek
installation used the standard zinc-coated steel gabion mesh. Inspection of the gabion system showed
no signs of corrosion or damage to the baskets over that time period. Additional flood protection
along Skunk Creek using the gabion system is proposed for the near future. ADOT has used the
gabion system principally for local scour conditions at its older bridge locations. ADOT's major
concern has been the longevity of the wire mesh against impacts from other rocks being transported
downstream during a storm event.
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The Bullard Wash project is located in an area where soil corrosion has been identified as an issue.
Corrosion of utilities have been reported by the City of Goodyear of its ductile iron pipes near the
wastewater treatment facility, located west of Estrella Parkway and north of-the Buckeye Irrigation
Canal (BID). APS has performed corrosion repair work to its 96-inch reclaimed water line in several
locations just north of the BID Canal. While damage to the gabion basket wires is always a concern,
damage to basket wires below the channel bottom caused by large stones will not be an issue for this
project because borings along the channel have indicated no large rocks and only traces of gravel.
Wire damage should be limited to above ground by floating debris or vandals.

Manufacturers of gabion systems have provided improved corrosion protection coatings to minimize
corrosion potential. The traditional zinc coating can be replaced with a Zinc-aluminum alloy coating
with a non-porous surface that reduces the rate of corrosion. Manufacturer corrosion tests indicated
that the zinc-aluminum coating lasts 2-Y2 times longer than the traditional zinc coatings. In addition,
PYC coatings help to further improve long lasting protection against corrosion. The coating
completely protects the wire from corrosion. For the Bullard Wash Channel improvements, ahigher
level of corrosion protection is warranted based upon the corrosion history of the area. Claims of
complete protection for the PVC coating may be true where the coating is fully intact for the life of
the improvement. However, with time, damage will occur to the PVC coating from debris contact,
vandalism, damage during construction, and from contact with maintenance vehicles. The complete
protection is only as good as the PVC coverage. Nicks or scratches in the coating will provide
locations where corrosion would take place. A combination of the two coatings would maximize the
corrosion protection, and this combination will be used for this project.

While the coatings provide a passive protection system against corrosion, annual inspections of the
channel lining to check for damage to the lining and corrosion is necessary. Spot inspections will be
required on the below ground lining protection as well. Repairs to damaged wires discovered should
be scheduled immediately after the inspections have been completed. This maintenance requirement
will be addressed in the operation and maintenance manual being prepared for this project.

•

Signed:

Distribution:

637 s. 48tt1 Street. Suite 101

~J).O~
Bradf'OI':oIberr. P.E.

013884-2B

Tempe. Arizona 85281 Tel. (602) 303·9799
Fax. (602) 303·9899



• MEETING MINUTES
Sverdrup Civil, Inc.

Date: March 30, 1998

•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUi\-uvlARY:

Sky Harbor International Airport. Aviation Department
March 25, 1998; 8:30 am

Don Rerick, Aood Control District of Maricopa County (FCDMC)
Doug McLaughlin, FCDMC
Jack Shelter, City of Phoenix Aviation Department
Cynthia Parker, City of Phoenix Aviation Department
Shawn Arena, City of Phoenix Aviation Department
Rosemary Ware, City of Phoenix Aviation Department
Bill Siggins, City of Phoenix Real Estate Department
Don Williams, City of Phoenix Law Department
Larry Martinez, City of Goodyear (COG)
Dan Stough, Sverdrup Civil, Inc.
Brad Olbert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
30% Plans Review Meeting

•

The above participants met to discuss coordination issues related to the Phoenix Goodyear Airport (PGA)
and any comments from PGA regarding the 30% construction plan submittal for the Bullard Wash Channel
Improvement project.

Mr. Rerick presented a quick review of the Bullard Wash project.

Mr. Shelter said that Mr. Arena is the new PGA manager. Mr. Arena will be the point man for construction
issues concerning the project from now on. Mr. Shelter will deal with issues related to the transfer of
property and funds for this project. Mr. Shelter requested that the contractor include the Phoenix Goodyear
Airport as an additional insured for the project.

Mr. Shelter said that the City is concerned about the access to the project. The perimeter road is not
designed to handle heavy trucks, only pickup truck type loads. Mr. Rerick said that the principal access
points near the airport are from Lower Buckeye Parkway and just west of the Bullard Wash Channel at
a new at-grade crossing of the railroad. New fencing will be provided to separate the final Bullard Wash
Channel from the airport property. The fence will be a standard MAG fence with three-strand barbed wire
at the top tilted away from the airport. Along the East Local Tributary the contractor will protect the fence
in place. If the contractor needs to remove the fence for construction purposes, he will need to replace it.
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Mr. Arena will develop a bullet list of security, access, contacts, service road use. equipment restrictions.
placement of spoil material, and other items the contractor will need to adhere to.

Mr. Shelter was concerned that there will be enough time to receive the required City Council approvals
on the property transactions. The City Council will be out July and August. The Council sessions on the
first week of July and the last week of August are difficult at best to get on the agenda. Mr. Shelter said
that the City should not have to follow a parallel appraisal process on the parcels involved. If the FCD
has not selected an appraiser for the land the City of Phoenix and the FCD should compare appraiser lists
and select a common appraiser for the project. The airport will need FAA approval for the land swap. but
that can come at a later date. The focus will be to receive City Council approval of the land swap
arrangements and issuance of a right-of-entry based on settlement of value based on "fair market value".
Determination of fair market value and follow up monetary exchanges can take place at a later date. The
FCD must provide all required parcel takes and TCE' s to the City of Phoenix Real Estate Department by
mid April to get Council approval in June.

Ms. Parker would like to add words in the document that addresses the landfill and the possibility of
hazardous materials. We would like the FCD to accept full responsibility for the material in the landfill.
NIr. Rerick said that the FCD will accept responsibility for the trash and asbestos, but if there are buried
drums of chemicals, the FCD will not accept responsibility for the pre-existing condition. The FeD will
provide environmental personnel at the site to observe the trash removal process and respond
appropriately if a hazmat condition is encountered. Ms. Parker said that we should identify our
responsibilities in the right-of-entry document. Also, full disclosure of existing documents is in order. The
District has already provided such documents to Ms. Parker, which consists of the Geotechnical Reports
on the landfill. Ms. Parker will provide a bibliography and copies of the actual documents that she has
on this subject to the District for District use. Ms. Parker said that she will bring in a geotechnical finn
to provide additional borings to identify the limits of the landfill area.

Mr. Shelter said that since the FCD will pay for the trash removal then the property appraisal person
should ignore potential hazmat conditions in his appraisal. The appraiser will be notified of the existence
of the landfill, but it is not certain whether this will have an affect on the appraised value determined by
the appraiser. The FCD will need to supply to the City of Phoenix, legal descriptions of all RJW takes and
TCE's.

Mr. Rerick said that as a part of the project, the FCD will fill the ditches that are vacated by the project.
The ditches will be cleared, grubbed, and fill material will be compacted to 95% maximum density. A
large envelope TCE will be delineated to encompass the ditches that will need to be backfilled.

Nlr. Shelter asked about the possibility of having the FCD remove all of the landfill material as a part of
the payment for the parcels. Mr. Rerick said the FCD would prefer to swap land and pay fair market value
for the difference in the land cost. This provides the cleanest approach while the landfill option has to
many variables to try to set a value on. An exchange for waste soil is a possibility if a prior agreement
can be made on the cost of the soil. A better situation for the contractor is to allow the contractor to make
arrangements with the adjacent property owners to dispose of the soil. This gives the contractor the
greatest flexibility to reduce his costs. If he can find a buyer for the soil before the bid then that can help
him to possibly win the project with a lower bid. In this arrangement the FCD will provide names and
telephone numbers of the property owners desiring soil. including the airport (Mr. Arena). Also any
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conditions of the soil disposal can be spelled out in the specifications.

Mr. Shelter said the City of Phoenix will put together a bullet list of conditions for the contractor to
follow in order to dispose of soil on the airport property. Ms. Parker said she will send over the
environmental language concerning the landfill for the FCD to review.

Mr. Olbert asked if there are any requirements or restrictions on the height of construction equipment that
the contractor may want to use on the project. Mr. Shelter said that since the equipment will be less than
40 feet in height, there are a few restrictions; such as tall equipment needs to be flagged and all
craneslbooms must be down at night. Mr. Rerick asked that the City develop bullet items for these
requirements as well.

Mr. Shelter said that the perimeter fencing can be down during the daytime hours, but the fencing must
be up with no breaks at night. Temporary fencing will be adequate during the construction period.

Mr. Shelter said that superfund LD. information for the airport is available from Ms. Parker. The
information will be forwarded to FCD.

Mr. Rerick reviewed the adjustment in the East Local Tributary alignment with the City. The main reason
for the adjustment is to avoid relocation of the EI Paso Natural Gas Line at the proposed box culvert. The
gas line relocation cost was S150,000. Shifting the alignment to the south also provided better
interception of the sheet flooding adjacent to the railroad. Several new concrete pipes will be placed under
the perimeter roadway to collect the flows on the north side of the perimeter road as well as tailwater
flows. A concrete beam will be used to support the security fence where the concrete channel passes
under the fence. Breakaway fence sections will be used in the channel. Mr. Rerick stated that the
breakaway fence concept has been successfully used at other locations. This concept may not be necessary
with further discussions with the City, because of the new fence criteria along the north side of the
channel.

Mr. Shelter agreed with the East Local Tributary alignment adjustment and to providing access gates to
the facility for routine maintenance. But there must be a security fence on the north side of the channel
to separate the channel from the airport. Mr. Rerick agreed to add the fence and to place it at the edge of
the RJW. The City of Phoenix and the City of Goodyear will meet and work out access agreements at a
later date.

Mr. Shelter was concerned about air quality during construction. Mr. Rerick said this is an item that the
FCD is very aware of and one that they are very strict with the contractors.

Mr. Shelter was also concerned about the interface between the landfill and the maintenance road cut
slope in the landfill area. Of special concern was erosion control. Mr. Rerick said that the FCD will not
have a maintenance road on the airport side of Bullard Wash. The proposed roadway was for the airport
perimeter road if required by the airport. Mr. Shelter said they didn't know where they want to locate the
perimeter road at this point. Sverdrup will provide a 2 ft bench behind the fence with a 3: 1 cut slope
where needed. If necessary, a gravel mulch may be used to control the erosion on the backslope. Mr.
Shelter said that would be adequate to address their erosion concerns.
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• Mr. Gibert requested infonnation on airport drainage patterns. Mr. Shelter said that the infonnation is
available from Dibble and Associates. Call Kent Dibble to request the CADD file information.

Please review these meeting minutes and call me (231-8999) if you have comments.

•

•

Signed:

Distribution:

432 N. 44tn Street, Suite 250

~&~Bradfor . GIbert, P.E.

013884-2B
Meeting Attendees
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• MEETING MINUTES
Sverdrup Civil, Inc.

Date: March 23, 1998

•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUNIl\IARY:

Flood Control District
March 17, 1998: 9:00 am

Don Rerick, Flood Control District of Maricopa County (FCDMC)
Olin Sutton. FCDMC
Bruce Ward. Maricopa County Department of Transportation (MCDOT)
Laura Fritschi, MCDOT
Wayne Butch, MCDOT
Jim Neibergall, MCDOT
Larry Martinez, City of Goodyear (COG)
Bob Prince, UPRR
Roger Miles, Sverdrup Civil, Inc.
Dan Stough, Sverdrup Civil, Inc.
Brad Olbert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
30% Plans Review Meeting with UPRR

•

The above participants met to discuss coordination issues related to the Union Pacific Railroad (lJPRR)
and any comments from UPRR regarding the 30% construction plan submittal for the Bullard Wash
Channel Improvements and the 40% construction plan submittal for the Estrella Parkway project.

Nlr. Rerick presented a quick review of the Bullard Wash and Estrella Parkway project. The roadway
at-grade crossing will be discussed first then the channel crossing.

Mr. Prince said he had few comments on the plans, because the railroad design has been fairly
standardized according to the MUTCD requirements. The work north of the intersection of MC 85 and
Estrella Parkway is divided into two parts, the surface work (placement of concrete panels) and the
signal work (electrical work, and installation of gates and flashers). Cost estimates for the surface and
signal work will be into the county this month. Cost estimates are good for only one year.

UPRR will want to construct the railroad surface work prior to the roadway construction work starting.
It is better for the roadway grading and pavement work to match with the railroad crossing. Results
in less roadway damage. UPRR would prefer to coordinate with the contractor after the rough grading
is complete to install the signal equipment.

432 N. .wth Street Suite 250 Phoenix, Arizona 85008 Tel. (602l231·8999
Fax. (602l 220·9199



•

•

Mr. Prince said that 60 days after the surface agreement has been accepted UPRR could place the
surface work. Signals can be installed six months after the signal agreement has been accepted. The
six-month lead-time is to order and receive the signal equipment. After the six-month period the
contractor can then schedule the installation of the signals with UPRR.

Mr. Ward stated that in order to have the railroad surface and signal work not affect the roadway
construction, MCDOT will need to obtain a place holder on the agenda for the Board of Supervisors.

Mr. Prince agreed to prepare an outline of the process needed to obtain railroad approval and
construction process that follows. Mr. Rerick said that the information could be worked into the SP's
with the lead-time information and persons with the railroad to call.

Mr. Miles asked if they have a record of longitudinal easements within their R/W. Mr. Prince said that
UPRR's record department has moved around a lot, so the information will be hard to come by. The
Roosevelt Irrigation District (RID) says it has a longitudinal and a crossing easement with the railroad
for the ditch and culvert crossing located just west of Estrella Parkway. If they do, the county will need
specific instructions on how to transfer the title of the easement. Mr. Prince will check his maps for
the easement agreement number because the information is sometimes listed on his railroad
maps.

Mr. Miles asked for specific information on the setbacks needed for the construction. Mr. Prince gave
the following information.

• All curbing needs to be placed 10ft from the track centerline.
• The railroad concrete surface typically comes in 10-ft long sections that are also 10-ft

wide. The concrete surface is set at the top of rail elevation. Pavement design matches
concrete section 5 ft from track centerline. The concrete surface is placed a minimum
of 3 ft back of curbing.

• The center of the railroad signal will typically be placed 4 ft back of curbing. UPRR
prefers that the inside edge of the sidewalk be placed a minimum of 4 ft back from the
center of the railroad signal.

Other coordination issues discussed by Mr. Prince are as follows:

•

•
•
•
•

UPRR will take the lead on requesting power service from APS for their signals. A
cabinet and meter are currently located in the southwest corner of the crossing.
MCDOT will need to place a pull box adjacent to the railroad control panel for a signal
pre-empt connection.
UPRR will need to coordinate with the City of Goodyear to allow a 5-day shut down
of Estrella Parkway in order for the concrete surface to be installed.
MCDOT will need to coordinate with the railroad if underground conduit will be
placed for future streetlights and to underground overhead railroad communication
lines. Mr. Martinez indicated that the City of Goodyear would prefer to underground
the overhead railroad communication lines.
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• • Contact Mary Gross for agreements on utility easements for utilities and the channel.
Her phone number is (402) 997-3623 in Omaha, Nebraska. Contact Cheryl Kinkel at
(402) 997-3620 for public roadway easement agreements. UPRR typically will not
dedicate roadway RJW or easements. {JPRR will ask for fair market value for
easements.

•

•

Mr. Miles said that curb and gutter would be constructed along Estrella Parkway. Will UPRR need
access to their RJW? UPRR will not need a curb cut on Estrella Parkway because they will access the
RJW from the break in the curb at the track. However, if curb and gutter is constructed along MC 85
then curb cuts will be requested along MC 85.

Mr. Miles asked if the railroad has any drainage requirements at the crossing location. Mr. Prince said
no; they will be providing their own system using a French drain with filter fabric to drain the
crossing.

Mr. Martinez said the City would want to post. mail and publish advanced notices of the construction.
Mr. Ward said that ylCDOT's public relation staff could provide to the City information from past
projects. MCDOT will also want to publish notices in the paper.

Mr. Olbert suggested that conduit provisions for future street lighting be provided at this time.
Mr. Martinez will discuss issue with staff. Mr. Ward said that irrigation conduit should also be
considered for the median areas.

BULLARD WASH CHANNEL

Mr. Prince said that the contractor will need a right of entry permit, show proof of insurance ($2~1)

and be required to purchase S6M of railroad protective insurance. If one contractor bids both the
channel and the roadway project then only one permit is needed. Subcontractors need no additional
permits. Mr. Prince will send a copy of the contractors Right of Entry Agreement to Mr. Rerick.

Mr. Prince will send to Mr. Rerick criteria for the design of jack and bore culvert crossing
located just west of the Bullard Wash Channel. Mr. Prince said that this crossing would need to
be in the RID's name. The FCDMC will handle all of the fees associated with the crossing.

liPRR will need three sets of plans to expedite the next review. Mr. Prince will distribute the plan sets.

Mr. Prince has the cost estimate for the at-grade crossing. He will forward it on to Omaha on
Wednesday. Omaha will then process the cost estimate and forward it along with an agreement to the
FCDMC. There will be another fee (Approximately S1,000) for the agreement. The FCDMC should
receive the estimate and agreement this month. If there are any questions on the agreement form call
him first, then Omaha. There is no charge for the construction permits. There are charges for easement
agreements. Two separate easement agreements are needed, one for the channel work and one for the
at-grade crossing. Forward a copy of the signed agreements to him.
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Mr. Rerick asked Mr. Prince what the process is for the railroad bridgework. Mr. Prince said that when
the agreement is signed, he will contact Mr. Tripp and Mr. Tripp will order the bridge materials. Mr.
Prince will also contact Mr. Voogd on the design for checking. Mr. Voogd and );lr. Tripp will talk
with each other about the bridge design. Mr. Tripp will then set the bridge work schedule. Ylr. Prince
will contact Mr. Tripp about the bridge completion date to be prior to Labor Day. Since the
at-grade crossing work and the bridgework are done by different crews they will be scheduled at
different times. The roadway at-grade crossing will probably go first, then the bridge. and then the
channel at-grade crossing.

Mr. Rerick asked Mr. Prince if lTPRR would send a set of the railroad bridge plans to him for cross
checking. Mr. Prince will notify Mr. Voogd of the request. Mr. Gibert will also give Mr. Voogd
a call.

Mr. Rerick asked Mr. Prince if Mr. Voogd had decided on how many cubic yards of soil he would
want placed at the existing Bullard Wash Bridge site? No. Mr. Prince said it would be better if the
consultant carne up with an approximate quantity. Mr. Rerick said we would need additional TeE's
to place the material. Mr. Prince said TeE's are not required if the county and the contractor have all
the necessary agreements and permits.

Mr. Prince said for the maintenance road at-grade crossing, plan on a 1% slope for 20 ft each side of
the track. Mr. Rerick requested-at least 20 ft of clearance for the signal lines above the maintenance
road for construction safety. Mr. Prince said they would provide the 20-ft of clearance through the
entire easement. Normally the railroad would like to relocate the signal lines at the same time as the
roadway signal work. For this project the signal lines will need to be relocated prior to the channel
construction. Rodney Pipper (520) 629-2237 will coordinate the signal line relocation. Send a copy
of plan and profile sheet number 7 to Mr. Prince he will forward a copy to Mr. Pipper.

Mr. Olbert requested 30% review comments from UPRR. Mr. Prince will contact Mr. Voogd to
decide on who will write the comments on the 30% plans.

A tentative meeting was scheduled for Tuesday, May 12th at 9 am with Mr. Prince. The meeting will
cover the 60%170% construction plans submittal.

Please review these meeting minutes and call me (231-8999) if you have comments.

•

Signed:

Distribution:

~.&,~
Bradfor . Olbert, P.E.

013884-2B
Meeting Attendees

~2 N. -Wth Street. SUite 250 Phoenix. Anzona 85008 Tet. (602) 231·d999
Fax. (602) 220·9199



• MEETING MINUTES
Sverdrup Civil, Inc.

Date: February 23, 1998

•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUl\'[l\'lARY:

Maricopa County Department of Transportation
February 23, 1998: 10:00 am

Don Rerick, Flood Control District of Maricopa County (FCDMC)
Theresa Hoff, FCDMC
David Haag, ADEQ
Kris Commalon, ADEQ
Cynthia Parker, City of Phoenix
Dick Bartholomew, Bartholomew Engineering, Inc.
Brad albert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvement Project
Estrella Parkway - Buckeye Canal to Yuma Road
Airport Environmental Coordination Meeting

•

Mr. Rerick presented a brief overview of the Bullard Wash project and answered general questions
regarding the details of the construction and construction schedule. Since the airport is interested in
obtaining soil from the project to fill low areas around the airport, the contractor will be given the
opportunity to spoil the material on the airport. It will be up to the airport to coordinate with and
work out the details with the contractor.

Mr. Rerick requested from Ms, Parker information regarding locations of the monitoring and
injection wells. The information can be provided in the special provisions of the contract documents
or on a plan sheet as a way to alert the contractor of their presence. Mr. Bartholomew can provide
coordinates of the wells to Sverdrup via e-mail. Sverdrup can translate coordinates to project data
base provided two common points are provided such as section corners. Mr. Bartholomew will
provide the common point information to Sverdrup.

Ms. Parker said that since the airport is a super fund site she will provide some written text that
should be included in the special provisions. The text will be forwarded to FCDMC and ADEQ for
their review.

Mr. albert noted that several of the wells are located in the low areas that might be affected by the
material spoiling on the airport. Mr. Bartholomew will have the wells flagged in the field ahead of
the construction work. All of the wells currently have steel pipes set around them for protection. Mr.
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•

Bartholomew will prepare a spoil plan for the airport. The intent of the plan will be to locate spoil
sites and identify the wells to be avoided by the contractor. The information will be provided to the
contractor ahead of construction. The information may possibly be placed in the contract package.

Include in the special provisions Ms. Parker's name and phone number as a reference. Also include
Mr. Bartholomew's name and phone number with a request to contact him 48 hours ahead of any
construction work within the area of the wells.

Ms. Parker was concerned about the construction debris left by the navy at the south end of the
runway when they controlled the airport. Mr. Olbert said the borings prepared by ATL identified the
debris as being only in the top 5 to 6 feet of the fill area ATL recently adjusted the borings in the
fill area. A copy of the revised borings will be sent to Ms. Parker and Ms. Hoff for review. Mr.
Gibert said that ATL recommended only screening of the debris prior to disposal. Ms. Parker said
the navy frequently discarded asbestos materials in their construction debris. The FCDMC will have
persons available to oversee removal of the debris in this area to watch for possible hazardous
materials. Add Ms. Hoffs name and phone number to the special provisions as a reference to contact
during excavation of material in this area Sverdrup to add information to the special provisions on
the limits of excavation for the construction debris and possible over excavation of material and
backfill required for the channel and maintenance roads.

Sverdrup will send 90% construction plan sets to ADEQ and Mr. Bartholomew to review for
environmental issues.

Invite Mr. Bartholomew and Ms. Parker to the pre-construction meeting to present an overview of
the superfund site and to identify contact persons.

•

Signed:

Distribution:

432 N. -Wth Street. SUite 250

~~BTadf'OI"d. GIbert. P.E.

o13884-2B
Participants

Phoenix. Arizona 85008 Tel. (602) 231·8999
Fax. (602) 220·9199



• MEETING MINUTES
Sverdrup Civil, Inc.

Date: December 4, 1997

The above participants met to discuss right-of-way issues for the referenced project. Mr. Rerick
reviewed the progress to date on the overall project for both Mr. Schelter and Ms. Ware.•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUMMARY:

Flood Control District ofMaricopa County
November 24, 1997; 10:00 am

Don Rerick, Flood Control District ofMaricopa County (FCDMC)
Doug McLaughlin, Flood Control District ofMaricopa County
Jack Schelter, City ofPhoenix - Aviation Department
Rosemary Ware, City ofPhoenix - Aviation Department
Brad DIbert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Phoenix - Goodyear Airport Meeting

•

Mr. McLaughlin asked if the City of Phoenix had any use for the airport property located between
the channel and the IMSALCO property. Mr. Schelter said the airport has no need for the severed
property and would like to include the property in the land exchange plus other compensation.
Improvements to the airport property should include items like removal and replacement of fencing,
filling and compaction ofexisting ditches/channels, and removal ofconstruction debris in the landfill
area. He requested that the MAG standards for compaction requirements and fencing be used.

Mr. Rerick had previously requested the City's Aviation Department for a list of any security
measures that the airport would want to have in place for the project. The FCDMC has not yet
received a list from the Aviation Department. The security measures will be included in the special
provisions for the project. The list from the Aviation Department will become a part of the project
record.

Access to the project was a concern to Mr. Schelter. The access road (security road) along the south
fence line was designed for light vehicles. Heavy equipment and haul trucks should use an alternate
access point. Mr. Rerick said that access from Lower Buckeye Road is a good possibility as well as
a proposed at-grade crossing of the Union Pacific Railroad located just west of the proposed channel.
If access to the work area by work crews is acceptable, the airport may want check-in and check-out
requirements imposed at the entrance.
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• Mr. Schelter said that fencing of the project will be necessary to preclude access to the airport
runway area by pedestrians. Temporary fencing materials will be adequate until permanent fencing
is erected. Mr. Olbert asked if the airport will want their security road located adjacent to the new
perimeter fence. Mr. Schelter said that he will have Dick Traill (planning and Development,
271-3339) make that decision. If the soils are poor along the fence, they may choose to locate it
further to the east around the landfill site. If a soils report along the channel is made available to
them. they will be able to make the decision quickly. Mr. Olbert will make a copy of the report for
Mr. Schelter when it is available.

Mr. Schelter said that the airport is a Superfund site, and suggested this condition should be
mentioned in the construction documents. The Superfund site designation was caused by TCE
dumped years ago at the north end of the airport. However, the entire airport is included in the
designation. The airport has had some problems in the past with the IMSALCO property. The
stockpiles of ground up aluminum have collapsed onto airport property after heavy rains. Mr. Olbert
will check with Cynthia Parker (Environmental, 273-2730) about any environmental concerns. She
is located in Tenninal3 at Sky Harbor. Mr. Rerick will check the FCDMC environmental reviews
of the area adjacent to the IM:SALCO property and Section 404 permit requirements for the East
Tributary.

Ms. Ware requested a copy of the blueline aerials that show the airport property. It will be useful in
future discussions concerning the channel. Mr. Olbert will contact Ms. Ware when the bluelines and
soils report are available. She will send a runner to pick up the information.

•

•

Signed:

Distribution:

432 N. 44th Street, Suite 250

~o~
'Bradfor . Olbert. P.E.

o13884-2B
Participants

Phoenix. Arizona 85008 Tet. (602) 231-8999
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MEETING MINUTES
• Sverdrup Civil, Inc.

Date: November 25, 1997

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

City of Goodyear
November 10,1997

Steve Cleveland - City of Goodyear
Larry Martinez - City of Goodyear
Douglas Sanders - City of Goodyear
Joe Evans - Yost and Gardener Engineers
Don Rerick - FCDMC
Laura Fritschi - MCDOT
Brad Olbert - Sverdrup Civil Inc.
Dan Stough - Sverdrup Civil Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Channel Aesthetics Coordination Meeting

• SUMMARY:

Mr. Martinez opened the meeting with a general overview of the Bullard Wash project. The City of
Goodyear will allow certain sections of the Bullard Wash channel to be lined with hard lining
(concrete or shotcrete) if the following key features are incorporated into the channel segments:

•

•

•

•

The City ofGoodyear desires a bicycle / pedestrian path on top of the channel bank. The path
would be set back approximately 2 feet from the top line of gabions or bank lining to avoid
damage to the lining. Mr. Cleveland stated that the City desires a meandering path that
allows the use of both the channel bottom and top ofbank. Ramps would be required to join
the levels.

Discussion ensued regarding the City's desired locations for the ramps. It was agreed that
the ramps should be placed where cyclists, equestrians, and pedestrians would all derive
some benefi4 and that the initial ramp locations will be shown on the 30% plan set (for
review by City staff). .

Mr. GIbert suggested the design incorporate the ramp standard from the "Skunk. Creek
Master Drainage Plan"; a target maximum ramp slope of 8 percent (12: 1) on the inclines
with periodic level landings to provide rest areas (per ADA requirements). The overall slope
would be approximately 5 percent (20: I).
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Mr. Cleveland stated that wide spots should be provided periodically along the top of bank. to
provide rest areas and shade trees. To achieve this effect, the path could meander away from the
channel lining, or the lining could be steepened (narrower top width) in those locations. City of
Goodyear will be responsible for the rest area development and all landscaping.

Mr. Olbert noted that a pedestrian rail should be used behind the bank lining when the bank
protection is steeper than 2 to lor stepped gabions are used that are higher than 3 feet The FCDMC
standard handrail will be used which has a top and mid rail made of galvanized pipe stock.

The City planners have specified that the Bullard Wash corridor will be equestrian accessible. j\-Ir.
Cleveland stated that the City of Goodyear must strive to provide a continuous equestrian corridor
within the Bullard Wash corridor. Although equestrians will be allowed access to the trail at the top
of the bank. they will most likely choose to travel in the channel bottom, separated from pedestrian
and bicycle traffic.

Mr. Olbert explained the following constraints to equestrian access along the channel corridor:

•
•

•

•

•

the BID canal overchute has a significant grade control structure located south of the
BID canal.
the standard Union Pacific Railroad (UPRR) bridge has a low vertical clearance
(approximately 7 feet) that will be passable only by pedestrians. Even dismounted
horseback riders will have difficulty getting a horse to pass under the low chord of
the bridge.
UPRR does not allow equestrians within their right-of-way, nor will they allow a
designated equestrian at-grade crossing of the tracks.
three grade control structures located just north of the railroad bridge will be too
steep and tall to be negotiated on horseback.

•

The following equestrian crossing alternatives were discussed by the group:

Design the grade control structure at the BID canal overchute to be usable by equestrians.
The drop can possibly be reduced in height by steepening the slope of the overchute and then
use a 12 to 1 ramp for the drop.

Mr. Olbert suggested that ramps leading out of the channel, on both sides of the channel,
could direct equestrians onto the north bank of the BID canal. From there, they could be
routed west to the Estrella Parkway crossing of the canal or to a separate bridge crossing of
the BID canal._He also agreed that Sverdrup will check on what is needed to make the BID
overchute safe for equestrian use.

To avoid the UPRR bridge, an equestrian path could be developed along the Elwood Street
alignment to the west, that would tum south and follow Estrella Parkway. Equestrians would
cross over the railroad tracks at the railroad at-grade crossing. Additional right-of-way could
be obtained on the east side of Estrella Parkway to provide additional width (10 feet) for a
path behind the sidewalk.
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•

•
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The at-grade crossing of the railroad was unacceptable to the City of Goodyear.
Mr. Cleveland explained that the City must uphold an "equestrian friendly" requirement for
this project. Failure to do so would give future land developers sufficient reason to evade the
requirement, as well.

A concrete box culvert (lO-foot height) could be constructed parallel to and separate from
the Bullard Wash channel. A designated equestrian path would diverge from the Bullard
Wash channel leading to the new CBC. A sump pump would keep the depressed CBC free
of nuisance water. The CBC would also need lighting and phone equipment.

The City of Goodyear would have to negotiate the separate CBC crossing (at a later date)
with UPRR and the affected utilities. The new crossing project would be built independent
of the Bullard Wash Final Design project. The City of Goodyear would bear all costs,
including construction, relocation of utilities (including UPRR shoo-fly), and O&M of the
structure.

Mr. Cleveland suggested that the CBC design of the UPRR crossing (whatever fonn it may
take) should occur during the design of the Bullard Wash channel, for the sake of design
consistency. The intergovernmental agreement (IGA) would be renegotiated, such that the
City of Goodyear would pay for additional CBC design costs.

Mr. Rerick reviewed the channel lining types that were visited by City of Goodyear officials the
previous week. Mr. Rerick also noted that for the channel design to proceed, this meeting must reach
a decision pertaining to which channel bank linings are acceptable to the City.

Mr. Cleveland stated that exposed stepped-gabions, soil-covered slope-blanket gabions, shotcrete
banks with natural bottom, and full-concrete lining were each appropriate in certain locations. He
elaborated that the channel lining types could be varied along the length of the channel. He also
stated that mixed bank-lining treatments could be used, ifneeded. The City recognized the need to
use concrete for sideslopes in the bridge and drop structures just north of the UPRR bridge.

Mr. Cleveland specified that the "form liner" style concrete (with a pattern) is desirable in locations

where vertical concrete banks are used. He also requested that shoterete lining be textured and

colored to match the predominant soil type in the reach.

Mr. Rerick stated that the FCDMC have the personnel and equipment to hydroseed the banks on any
soil-covered gabion segment(s) if they are desired.

Mr. Olbert explained that the channel proflle grade line between the BID canal and the railroad is
constrained by the APS pipeline crossing, the City of Goodyear sanitary sewer, and the proposed
UPRR bridge. Between the BID canal and Broadway Road, the 1oo-year water surface is above the
existing ground using a typical section with gabion bank protection that is covered with soil. The
resulting channel banks must be 3 feet above the design 100-year water surface to meet FEMA
requirements. The resulting channel/maintenance road footprint results in a 210-foot wide
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(minimum) width right-of-way. He stated that the land owner (Sun Chase) was not agreeable with
the possible FCDMC acquisition of sixty or more additional feet of property to meet this need.
Mr. Olbert suggested a stepped-gabion lining with a 1: 1 or 1.5 to 1 sideslope through this area. The
slope of the sideslope can be selected based on the right-of-way. Gabion baskets can be used on the
backslope of the dike to reduce right-of-way needs.

The meeting attendees reached an agreement on the bank linings to be used in the following
locations:

PHASE I LININGS (Gila River to north of the UPRR Bridge)

• Exposed slope-blanket gabions (3: 1 sideslope) with a natural stream bed will be
allowed in the segment from the Gila River to the BID canal overchute.

• Full-section concrete lining from the BID maintenance road box culvert, through the
grade control structure just downstream from the BID canal crossing, north to the
APS (Arizona Public Service 96-inch reclaimed water) pipeline. The bank sideslopes
will transition from vertical walls at the overchute to 1: I or 1.5: 1 sideslopes just
north of the structure. The full-section lining with 1: 1 or 1.5: 1 sideslopes would.
continue north and match the top of the proposed APS pipeline encasement.

• • Stepped, rock filled gabions (1: 1 or 1.5: 1 sideslopes) with natural stream bed from
the 96-inch pipeline to just south ofMC 85.

•

• Full-section concrete lined channel from just downstream of the MC 85, through the
Union Pacific Railroad (UPRR) bridge and grade control structures north of UPRR.
The channel sideslopes will transition to vertical walls through the MC 85 bridge,
and transition to 1:1 sideslopes between the MC 85 bridge and the UPRR bridge. The
channel sideslopes will transition back to vertical walls through the UPRR bridge and
then transition to 1: 1 sideslopes through the drop structures.

PHASE II LININGS (North of the Drop Structures to Lower Buckeye Road)

• Slope-blanket gabions from the drop structures to the north end of the channel at
Lower Buckeye Road. The bank protection on the east side of the channel will be
sloped at a 1.5: 1 rate and vary between 2: 1 and 3:1 on the west side.

• Slope-blanket or stepped gabions will be used in the 200-foot long inlet area to the
north of Lower Buckeye Road. Work in this area will be considered temporary until
the future channel section is designed and constructed (by others).

BROADWAY ROAD CROSSING

Mr. DIbert stated that farm access will initially be recommended at Broadway Road in the form of
~ interim "dip" crossing. A hardened ford will be used to prevent undennining of the roadway. The
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• crossing roadway will have an approach grade of 10: 1.

Discussion ensued about locations for access points for channel maintenance. Mr. Martinez agreed
to discuss the matter with City of Goodyear Operations and Maintenance personnel. The FCDMC
and Sverdrup have had discussions with the BID and local land owners to determine other locations.
Current locations include north of the BID canal, north of Broadway Road, north of the UPRR
bridge, north of the drop structures, and south of Lower Buckeye Road. The access ramps will
double as ramps for equestrian access to the channel bottom. Sverdrup will then identify access
locations in the 3O-percent plans.

DISCUSSION OF FUTURE PUBLIC MEETING

The group reached a consensus on the date for the public information meeting: December 4, 1997.
Mr. Rerick stated that FCDMC will mail meeting notices to land owners (within one half mile of
Bullard Wash or Estrella Parkway). He suggested an "open house" format for the upcoming public
information meeting. He added that the Estrella ParkwaylMC 85 and the Bullard Wash Channel final
designs will be on the meeting agenda. Mr. Cleveland and Mr. Martinez agreed to this style of
meeting.

•
Mr. Olbert explained that Sverdrup, FCDMC, and MCDOT personnel will mingle with the public,
explaining the key points of the design concept, listen to specific comments, and address questions
that arise. Informational handouts will be produced and distributed by FCDMC that include a fact
sheet with the key project features, an overall project map with improvements delineated, and a
questionnaire.

Mr. Martinez suggested that additional notices be posted along Estrella Parkway and MC-85 and in
the local Goodyear newspaper. He also suggested that SunCorp be included on the mailing list
(because of their significant role in land development in the area).

Ms. Fritschi agreed to create a County location board for display at the entrance to the meeting.
Mr. Martinez agreed to arrange for the City Hall or the Community Center to be used for the meeting

place. Mr. Olbert agreed to create the following exhibits by December 1, for use at the public

meeting:

• Bullet charts showing the key design features of the channel design (emphasis placed
on aesthetics, multi-use access, equestrian access).

• Bullet charts showing the key design features of the roadway design.

• Roadway typical sections.

• Channel typical sections (stepped gabions, slope-blanket gabions, shotcrete, concrete
lined).

• • Mounted 8" x 10" photos of recommended linings.
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• • 12-foot long aerial photo with proposed channel right-of-way limits (Gila River to
Lower Buckeye Road).

• AI"=100' scale strip drawing showing the edge of pavement, existing and new
rights-of-way, property lines and owner names. The drawings will be displayed flat,
rolled out on 8-foot long tables. Use markers to write down public comments at the
appropriate locations on the strip maps.

• 1" =20' scale illustrations of intersections at MC 85, Elwood Street, Lower Buckeye
Road, Lower Buckeye Parkway and Yuma Road.

CITY OF GOODYEAR TOWN COUNCIL MEETINGS

Mr. Cleveland agreed to arrange a City of Goodyear Town Council work session (briefing) on
December 9,1997. Mr. Rerick stated that FCDMC will provide flyers for that meeting (and 25 \\Till
be given to the council).

A regular Town Council business meeting will follow on December 16th, at which time the council
will vote on the recommended action items.

• Please contact me at (602) 231-8999 ifyou have additions to or comments on these meeting minutes.

Signed:

•

Distribution:
Attendees
RWM
o13884-2B
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• MEETING MINUTES
Sverdrup Civil, Inc.

Date: November 4, 1997

•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUMMARY:

Flood Control District of Maricopa County
October 28, 1997, 10:00 am

Don Rerick - Flood Control District of Maricopa County
Doug McLaughlin, FCDMC RJW
Clarence Woo~ Wood Family Enterprises
Ronald Wood, Wood Family Enterprises
Margaret Carl, Wood Family Enterprises
Tim Smith, Wood Family Enterprises
Larry Martinez, City of Goodyear
Joe Evans, Yost and Gardner Engineers
Roger Miles, Sverdrup Civil, Inc.
Dan Stou~ Sverdrup Civil, Inc.
Brad GIbert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements - Final Design
Property Owner Meeting. Wood Family Enterprises

•

The above attendees met to discuss the shon and long term effects of the proposed channel upon the
Wood Family property. Mr. Rerick opened the meeting with each individual introducing themselves.

Mr. Rerick wanted to discuss the need to capture storm flows north of Lower Buckeye Road using
berms to direct flows into the proposed Bullard Wash channel. Mr. Rerick asked if removing a
portion of the old sump ponds located north of Lower Buckeye Road would cause any problems.
Clarence Wood said that the sump ponds are no longer being used and that they are owned by
SunChase now. Mr. Rerick said that one possibility in constructing berms to direct the flood water
into Bullard Wash is to raise Lower Buckeye Road, and construct a berm with the roadway on top.
Tim Smith said that they use the Lower Buckeye Road as a farm road. The existing roadway is
nearly at the same elevation as the field to the north. If the roadway is raised to incorporate the berm,
he will need a maintenance road on the north side of Lower Buckeye Road. Presently, he uses the
roadway to turn his equipment. The width needed for a maintenance road and a tailwater ditch is
approximately 20 feet. The tailwater from the field to the north currently discharges into Bullard
Wash at the southeast comer of the field. Ms. Carl asked if raising the road will raise the height of
the flood water on their property. Mr. Glben said that extending the channel section nonh of the
Lower Buckeye Road alignment approximately 100 to 200 feet will cause the flood water to begin
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to draw down prior to reaching the berm. The benn will be used to stop the spread of the flood water
to the south and direct the water into the channel. A computer model will be developed of the
improvements to verify that the channel and benn design will not raise the flood waters.

Mr. Olbert asked Mr. Wood if he knew what the area was like prior to the consnuction of the
airfield. Ronald Wood said that Lower Buckeye Road originally extended east through the present
airport. When the airfield was consnucted, the roadway alignment was severed. In addition, the
original alignment of Bullard Wash was filled in with the airfield consnuction, and the wash was
relocated to its present location. At that time, Mr. Wood said the federal government said the wash
would not flood his property, however, the property has flooded on numerous occasions.

Mr. Smith said that they were planning to plant a double crop beginning with barley in November
and cotton later. The irrigation would stop in August, and cotton harvesting would be done in
November. If construction is delayed until after September, there will be no tailwaterJdelivery water
for consnuction to deal with. Ifconsnuction begins after November, then he could harvest the cotton
and be out the fields. Mr. Rerick advised Mr. Smith to contact the District before planting crops in
areas needed for the channel after August 1998. Mr. Smith said that if the area needed by the District
can be staked, then he can plant outside that area.

Mr. Olbert said the Goodyear City Council recently said they would not participate in funding a
concrete-lined channel, that the channel must be aesthetically pleasing, and that the council preferred
an earth-lined channel that could be used for recreational purposes. Mr. DIbert said the existing RJW
width is inadequate for an earth-lined channel. A minimum width of 200 feet is needed to
accommodate the channel. Additional width may be needed for benning depending upon the depth
of the channel. Because of the extremely flat slopes for the channel north of the drop snuctures, a
bottom width of 120 feet may be needed to maintain a water depth of 5 feet, and that would require
more right-of-way than was requested earlier. Mr. Wood said that recreational use of the channel will
cause them grief from kids getting into their fields. Mr. Rerick said that the channel right-of-way will
be gated and fenced with 3- to 4-strand barbed wire to help control access to the fields from the
channel.

The tailwater from the east side of the Wood's farm currently discharges into Bullard Wash at
several locations and flows southerly into a low flow channel for use by farms south of MC 85. An
alternative location for the tailwater ditch was reviewed but discarded since tailwater from farms
other than the Wood's farm enters Bullard Wash upstream of the Wood farm. The alternative
tailwater ditch would not be able to control that water. It was determined that the best solution will
be to continue to discharge tailwater into the channel near the current locations.

At the south end of the farm, the existing delivery ditch that will be cut by the new channel will need
to be relocated to the west side of the channel. A new farm road will be needed on the west side of
the channel. The farm road needs to be 12' - 14' wide plus a tailwater ditch where appropriate. A
TeE will be needed for consnuction purposes.

Mr. Olbert asked what sources of water are used by the farm. Mr. Smith said that water for the farm
comes from two wells owned by the Wood family and also from the Roosevelt Irrigation District
(RID). At present. they try to use as much RID water as possible because it is less expensive and a
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better quality water than what is delivered by the wells. RID ditches along Yuma Road and Estrella
Parkway deliver water to the northern most well site for distribution to the farm.. The two existing
wells owned by the Wood family are located a lA-mile south of Yuma Road on the east side of
Estrella Parkway and at the Southeast comer of the intersection of Lower Buckeye Road and Estrella
Parkway.

Mr. Smith asked if replacement of the delivery ditches would occur prior to channel construction.
For any of the future roadway work to be done on Estrella Parkway or channel work for Bullard
Wash, all utilities along the projects must be cleared prior to construction, including replacement of
the irrigation delivery ditches. At the present time, the two wells on Estrella Parkway are missed by
the roadway. but will need to be shielded by guardrail to protect drivers from running into the wells.
Mr. albert asked if they knew if the well located south of Yuma Road approximately a lA-mile west
of Estrella Parkway was active or not. Mr. Smith said that the well is no longer in use.

•

•

Signed:

Distribution:

;:;s:..ffJ 1)~
Bradfor D. albert, P.E.

o13884-2B
Laura Fritsehi, MCDOT
Participants
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• MEETING MINUTES
Sverdrup Civil, Inc.

Date: October 31, 1997

•

LOCATION
AJ.'ID DATE:

PARTICIPANTS:

SUBJECT:

SlTh-IMARY:

Flood Control District of Maricopa County
October 28, 1997, 8:00 am

Don Rerick - Flood Control District ofMaricopa County
Doug McLaughlin, FCDMC RJW
Bruce Ward, MCDOT
Todd Belzner, MCDOT RJW
John Christensen, SunChase
Barbara Rust, Coe & Van Loo Consultants, Inc.
Ron Rayner, A-Tumbling-T Ranches
Larry Martinez, City of Goodyear
Joe Evans, Yost and Gardner Engineers
Roger Miles, Sverdrup Civil, Inc.
Dan Stough, Sverdrup Civil, Inc.
Brad DIbert, Sverdrup Civil, Inc.

Contract FeD 95-39
Flood Control District of Maricopa County
Bullard Wash Channel Improvements. Final Design
Property Owner l\tleeting - SunChase (A-Tumbling-T Ranches)

•

The above attendees met to discuss the short and long term effects of the proposed channel upon the
SunChase property. Mr. Rerick opened the meeting with each individual introducing themselves.

Mr. Rerick identified several delivery ditches and tailwater ditches that will be cut by the channel
construction. Mr. Rayner was asked about the significance of each ditch to his farm operation. Mr.
Rayner identified two primary sources of water for his farm; Le., the tailwater and stormwater from the
East Tributary Wash. and the tailwater from the Bullard Wash. Water from the East Tributary flows into
a storage pond located south of Me 85 and is then pumped to the northeast end of the farm where the
water can flow to any of their fields located east of Estrella Parkway. Overflow from the pond, along
with water from Bullard Wash, flows west to irrigate the fields (as well as another farmer's fields)
located west of Estrella Parkway. Tailwater from the fields ultimately flows into the Buckeye Irrigation
District's canal.

Mr. Rayner identified four fields that will be affected by the channel alignment. The north and south
fields have been leveled and thus have no tailwater ditch. The two middle fields are graded with a slope
from north to south. The north field receives its water from a delivery ditch located on the east side of
the field. The second field to the south receives its water from a delivery ditch located on the north side
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of the field. A tailwater ditch for this second field is located on the south side of the field. Tailwater
from this field flows into a delivery ditch located on the north side of the third field to the south. which
is similar to the second field. The fourth field receives its water from a delivery ditch located on the
north side of the field.

Mr. Rayner said that the first and fourth fields will have small areas to the west of the proposed
channels that will become uneconomical to fann. The fields have been reseeded with alfalfa.. which has
a three-year production cycle. After the cycle, another type of crop will planted. There can be no
interruption of water flow during or after construction.

A discussion of how to handle the tailwarer from the East Tributary and Bullard Wash ensued. Sverdrup
will evaluate three scenarios to handle the water.

1) The tailwater from the East Tributary will be discharged into existing Bullard Wash and enter
the existing holding pond as it currently does. Storm flows in the East Tributary will flow westward and
discharge into the proposed Bullard Wash Channel for discharge into the Gila River. A siphon will be
designed to carry excess flow from the holding pond under the Bullard Wash Channel for use on the
farms to the west of Estrella Parkway. Mr. Rayner suggested a minimum 24-inch pipe for the siphon.
Tailwater from Bullard Wash will be conveyed under the railroad in a new culvert located within the
drainage easement immediately west of the proposed Bullard Wash Channel. The flows will discharge
into the existing channel that conveys flows to a pipe crossing under Estrella Parkway. The pipe flows
will ultimately reach the agricultural fields located west of Estrella Parkway.

2) The tailwater from the East Tributary will be discharged into an existing culvert crossing located
just east of the proposed Bullard Wash Channel. (The existing culvert originally conveyed tailwater
flows from Bullard Wash but will be isolated by the proposed Bullard Wash Channel.) The existing
holding pond will be expanded on the west end to allow tailwater flow to enter from the west. Storm
flows in the East Tributary will continue westward in a new channel, discharge into the proposed
Bullard Wash Channel, and ultimately discharge into the Gila River. A siphon will be designed to carry
excess water from the holding pond under the Bullard Wash Channel for use on the farms to the west
of Estrella Parkway. Tailwater from Bullard Wash will be conveyed under the railroad in a new culvert
located within the drainage easement immediately west of the proposed Bullard Wash Channel. The
flows will discharge into the existing channel that conveys flows to a pipe crossing under Estrella
Parkway. The pipe flows will ultimately reach the agricultural fields located west of Estrella Parkway.

3) Mr. Rayner proposed a third alternative. Tailwater from the East Tributary and Bullard Wash
will flow into the proposed Bullard Wash Channel. A new pond will be constructed north of the
Broadway Road alignment within the proposed Bullard Wash Channel. The existing pump (from the
holding pond) or a new_pump will be relocated adjacent to the new holding pond to deliver water to the
existing A-Tumbling-T irrigation piping system. The channel will need to be widened to provide
adequate water and sediment storage capacity.

Mr. Rerick made it clear that the pumps andlor siphons will be operated and maintained by the local
fanner, regardless of whichever system is chosen.

Mr. Martinez will check if a holding pond within the proposed Bullard Wash Channel is acceptable to
the City of Goodyear relative to the proposed recreational use of the channel and if the City is willing
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to accept the liability of the pond. Mr. Stough asked if it was necessary to separate stann water from
tailwater for irrigation purposes? Mr. Rayner said that it was not necessary.

Mr. Rayner questioned the FCDMC if the channel will provide an adequate barrier against gophers. The
sideslope treatment will need to act as a barrier against gophers. If benns are constructed above the
existing ground, then the gophers will tunnel into the sideslopes. Concrete gopher barriers can be
constructed within the benn that are 4-inches wide and 4-feet deep. This will contain the gophers
activity.

Mr. McLaughlin said that Mr. Rayner should receive a notice from the Flood Control District in
November asking him to suspend any funher farming in the areas being purchased by the District.
Mr. Rayner asked who would control the weeds in these areas and why farming couldn't continue until
construction takes place. Mr. Rerick suggested that if construction is not started until the fall of 1998
that a 30-60 day notice could be issued to the farmer to allow time for the fields to dry up in time for
construction.

A discussion of how to handle the delivery/tailwater for the fields adjacent to the proposed channel
ensued. The basic concepts developed are:

• A siphon is required for the holding pond overflow. The overflow from the holding pond
provides water to several farmers west of Estrella Parkway and cannot be shut off.

• • A siphon is required at the Broadway Road alignment to deliver water to the fields between the
channel and Estrella Parkway.

•

• Additional siphons may be needed depending upon the channel grade, north/south delivery ditch
on the west side of channel, and channel dip crossing locations.

Access to the farm facilities and fields was discussed. Mr. Rayner said that the Broadway Road
alignment carries semi truck traffic in both directions. The trucks are mainly hauling fresh cut alfalfa
from the fields. The farm road to the south of Broadway Road carries semi truck traffic in an easterly
direction and farm equipment. The next farm road to the south handles only farm equipment.
Mr. Rayner said he will either need dip crossings at all farm roads, or a crossing at Broadway with a
road that parallels the channel on the west side in order to get to his fields. Mr. Rerick said that the fann
road parallel to the channel will need to be located west of the channel maintenance road. This will
require a temporary construction easement (TCE). Additional delivery ditches and tailwater ditches will
also need to be constructed within the TCEs.

Mr. Rerick asked ifMr. Rayner used the BID canal maintenance roadway. Mr. Rayner said not for any
of his farming activities.

Mr. Olbert said that in a recent city council meeting, the council said that they would not participate in
funding a concrete-lined channel, the channel must be aesthetically pleasing, they preferred an
earth-lined channel. Mr. Olbert said that for an earth-lined channel the existing RIW width is
inadequate. A minimum width of 200 feet is needed to accommodate the channel. Additional width may
be needed for berming and dip crossings depending upon the depth of the channel. Because of the
extremely flat slopes for the channel just north of the BID canal, a bottom width of 120 feet will be
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needed to maintain a water depth of 5 feet. This is the minimum depth available according to the
Feasibility Report. Sverdrup will not be able to determine the exact RJW needs until the mapping
becomes available later this week.

Mr. Christensen said that SunChase will not be willing to give up additional land without compensation
from the City of Goodyear.

Mr. Christensen said that SunChase anticipates that the property will be developed within a lO-year
time frame. However, there is no fIrm time because no one can anticipate the market cycles.

Mr. Olbert briefly reviewed the MC 85 profl1e. Discussions with MCDOT have refmed the bridge
selection to either a three span continuous slab bridge or a box culvert. A single-span AASHTO girder
bridge is too expensive and would raise the road profile too much. Neither the continuous slab bridge
or the box culvert will raise the profl1e at the channel crossing. Both structures will be evaluated in the
bridge selection report. It is anticipated that the edge of the roadway to the east of the bridge will be
raised approximately 2 to 3 feet through the horizontal curve because of a 5.5 percent superelevation
cross slope. Because the widening is on the south side of the roadway, more RJW will be required on
the south side to provide enough RJW for the ultimate 6-1ane facility fIll slope, Le., that 100 feet south
of the proposed roadway centerline will be needed.

•

•

Signed:

Distribution: o13884-2B
Laura Fritschi, MCDOT
Participants
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• MEETING MINUTES
Sverdrup Civil, Inc.

Date: October 8, 1997

The above participants met to discuss issues pertaining to the Bullard Wash Channel improvements.
Mr. Olbert presented information that affected the channel design. Those items are listed below.

•

LOCATION
AND DATE:

PARTICIPANTS:

SUBJECT:

SUMMARY:

City of Goodyear
October 2, 1997, 10:00 am

Doug Sanders, City of Goodyear
Larry Martinez, City of Goodyear
Joe Evans, Yost and Gardner Engineers
Don Rerick - Flood Control District ofMaricopa County
Dan Stough, Sverdrup Civil, Inc.
Brad Olbert, Sverdrup Civil, Inc.

Contract FCD 95-39
Flood Control District of J\'Iaricopa County
Bullard Wash Channel Improvements - Final Design
Coordination Meeting - Channel Design

•

The Buckeye Irrigation Canal, the 96-inch water line to the Palo Verde Nuclear Plant, and the 15­
inch sewer line under Broadway Road act as constraints to the grade for the channel bottom. The
bottom of the railroad bridge acts as a constraint for the channel water surface elevation. These
constraints will keep the channel grade very flat regardless of what type of channel is selected. The
net result means additional maintenance to remove sediment buildups.

From the MC 85 bridge north to the grade control structures, there is a great deal of turbulence
caused by the drop structures, the discharge from the East Tributary side channel, and the bridge
piers. For this reason. this area will require concrete or shotcrete to ensure stability of the channel
in this area. The use of concrete for the channel would not preclude the use of ramps in the channel
area.

North of the drop structure, the channel needs to discharge tailwater flows into a side ditch at the top
of the drop structure and be able to intercept overbank flows into the channel at the inlet.
Horizontally the channel needs to be located outside the safety zone and not interfere with monitor
wells tied into the TCE cleanup system at the airport.

The channel section used will need to have an armored sideslope to prevent horizontal migration of
the channel alignment. The soils in the area are mainly flne sands with silt and little or no gravel.
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During high flow periods, channel migration can easily occur with soils that are not cohesive and
lack adequate vegetative cover. The types of bank armor reviewed in the Skunk Creek Master Plan
included soil cement. concrete, shotcrete, earth channel, slope mattress gabions, stair stepped
gabions, and grouted riprap. Of these systems, only the earthen channel, slope mattress and colored
shotcrete have some aesthetic appeal. In Glendale, the City requested that the gabions be covered
with 6-inches of soil. With a soil covering, the gabions were limited to a maximum channel sideslope
of 3:1.

In all of the channel sections using a soil bottom or soil covering, vegetative management was a
major concern. The design roughness factor for the channel needs to be maintained. Short grasses
and plants that will flatten during a major storm event are acceptable to maintain the flood limits
within the channel.

Maintenance will also include checking for corrosion with the gabion system. Sacrificial anodes can
be used to control the corrosion, however, periodic checks are mandatory. Mr. Evans said that the
area is very corrosive.

Maintenance roads ,can double up as pedestrian trails, bicycle and equestrian routes. The type of
surface needs to be reviewed. FCDMC provides a 4-inch ABC surface. Other surfaces include
asphalt or crushed granite. Access under the railroad structure may be a problem. In a previous
meeting, UPRR indicated very strongly that they will fight against recreational use of the channel
under their bridge. Also the FCDMC does not have a separate bridge structure for
pedestrianslbicycleslequestrians over the BID canal.

At our next meeting, we need to discuss access to the channel for maintenance purposes. The ramps
can also function as ramps for equestrian use of the channel bottom and pedestrian crossings.
Sverdrup will develop some ramp locations for the next meeting. Aerials should be available by next
week.

The FCDMC only provides minimal landscaping, such as seeding of the sideslopes. A landscaping
committee may be desired to anticipate future needs of the channel. It can be used to identify a
theme desired by the City to be used along the channel and possibly consttucted as part of package
provided by developers adjacent to the channel.

Mr. Rerick said that the FCDMC usually fences new RIW. However, the City may choose to do
away with the fence and assume the liability of the channel. The access roads near the main roads
will require locked gates.

•
Signed:

Distribution:

a~d~
Bradfor . Olbert, P.E.

oI3884-2B
Don Rerick - FCDMC
Participants
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Maricopa County Flood Control pistriet
ATIN: Mr. Robert B. Stevens .
2801 W. Durango Street
Phoenix, Arizona 85009-6399

File Number: 984-0165-LSF

Dear Mr. Stevens:
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•
Reference is made to your letter of January 13, 1998 in which you inquired as to'

whether or not a Section 404 permit is required from the U.S. Army Corps of Engineers to
construct a drainag~ channel in the Bullard Wash irrigation ditch to capture sheet flows
that threaten the Phoenix-Litchfield Municipal Airport adjacent to, but outside of, the
jurisdictional boundary of Gila River at (Section 20, & 29, T1N, R1W), Goodyear,
Maricopa County, Arizona.

Based on the information furnished in your letter (referenced above), review of the
USGS contour maps and current aerial photographs, and your January 8, 1998 meeting
with Mr. Larry Flatau of this office, we have determined that, although your proposed
project area does include jurisdictional waters, your proposed project does not discharge
dredged or fill material into a water of the United States or an adjacent wetland.
Therefore, the project is not subject to our jurisdiction under Section 404 of the Clean
Water Act, and no Section 404 permit is required from our office.

The receipt of your letter is appreciated. If you have questions, please contact Larry S.
Flatau at (602) 640-5385 x 225.

Sincerely,

• tC.::: ,L)t::',hI -&..-. ...-4
;::t;.- W~"'.:F~"?

//~ : B.,~,;v,,,~ c/o 47 ~

Cindy Lester
Chief, Arizona Section
Regulatory Branch
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2801 West Durango Street. Phoenix, Arizona 85009-6399 Betsey Bayless
Telephone (602) 506-1501 Jan Brewer

Fax (602) 506.4601 Fulton Brock
IT (602) 506.5859 Don Stapley

Mary Rose Garrido Wilcox

May 20.1998

loanne Miller. Compliance Specialist!Archeologist
State Historic Preservation Office
1300 West Washington
Phoenix. Arizona 85007

RE; Bullard Wash Outfall Project
ArcheologicallnYentory
Request for Concurrence

•
Dear Ms. Miller:

Enclosed, please fmd one copy of the report "An Archeological Inventory of the Expanded Bullard Wash Outfall
Project Area of Southern Goodyear, Arizona" prepared by Scientific Archeological Services (SAS). The Flood
Control District of Maricopa County reviewed the SAS report and agrees with the conclusion that the concerned
project should have no effect upon any prehistoric or historic cultural resources. Prior archeological work for the
proposed project was completed by SAS in January IS, 1997, and April 21, 1995, however, the project area was
expanded since then. A signed concurrence letter from your office for the previous work and corresponding reports
is enclosed for your review.

The District requests your concurrence that the proposed project will have no effect on any historic property, and
the authorization to continue its planned development of the Bullard Wash Outfall Project in Goodyear, Arizona.

"u have any questions or comments, please call Theresa Hoff at 506-8127. Thank you for your time.

:),::.:-:rely,

•

Theresa M. Hoff
Environmental Services Planner

Enclosures
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Memorandum

To: Don Rerick

cc: Bob Stevens

From: Theresa Hoff

Date: 12/05/97

Re: Bullard Wash Project

Don - Here is a summary of the potential Bullard Wash environmental concerns. Some of the
infonnation is similar to the memo sent to you previously, however. it contains additional
infonnation as well (e.g.. a synopsis of the Phase II investigation).

Conclusions

Based on the Phase II investigation results and the verification that aluminum oxide is not a
hazardous material. additional Phase II investigation is not necessary at this time to proceed with the
Bullard Wash project.

Several injection wells, monitor wells, and injection pipelines are located on the PGA property.
which is part of the groundwater and soil treatment system. Therefore, the channel should be routed
to ensure the treatment system is avoided and not impacted.

Phase II Investigation Conducted for the Bullard Wash Project

Growth Environmental drilled twelve soil borings for the Phase II investigation. Eight of the soil
borings were located south of highway 85 and the other four were located near the southwest comer
and western border of PGA South. Three samples were collected from each soil boring at varying
depths (i.e., 14-24",5-7', and 10-12' bgs). The samples were analyzed for volatile organic
compounds (VOCs), semi-volatile organic compounds (SVOCs), and the eight listed RCRA metals
(Test numbers EPA 8260, 8270, & 6010). The sample results indicated no detectable concentrations
ofVOCs or 5VOCs. Twenty-six of the 27 samples analyzed for the eight RCRA metals resulted in
detectable concentrations for four of the eight metals. however, the concentrations were below the
ADHS health based guidance levels (HBGLs). One of the 17 samples resulted in detectable
concentrations of three of the RCRA metals, which were also below the HBGLs. Therefore. based on
these results, no further soil sampling is recommended.

Aluminum Oxide

Aluminum oxide is not a listed RCRA hazardous waste. ADEQ does not have soil remediation
clean-up levels for aluminum oxide. According to Mr. Tony Debenedetto from ADEQ hazardous
waste compliance division. if there are no soil remediation clean-up levels for a substance, the
substance is not listed as RCRA hazardous waste. and the substance does not exhibit any of the
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December 5. 1997

RCRA hazardous waste characteristics (i.e.. reactivity. ignitablility. corrosivity. or toxicity). then the
soil containing the substance is non-hazardous.

Aluminum Oxide Fines on PGA PropertV

According to a report by Scott Allard. & Bohannan. Inc.. (SAB), the soil affected by the aluminum
oxide fines on the Phoenix Goodyear Airport (PGA) was removed using hand tools and deposited
back onto the IrvtALSCO property in April, 1993. It appears that the extent of the affected soil was
determined by visual inspection. The remaining soil was not sampled to confirm that the aluminum
oxide fines were completely removed. However, aluminum oxide is not a RCRA listed or
characteristic hazardous waste and is sometimes used in the production of concrete. Furthermore. in
May 1993. Ms. Cynthia Parker. Environmental Programs Coordinator. City of Phoenix Aviation
Department. stated that the cleanup was acceptable to the City of Phoenix. Since aluminum oxide is
not a hazardous material and the affected soil was removed. sampling is not recommended in this
area of the PGA.

Aluminum Oxide Fines on the Railroad Property

Soil on the railroad property adjacent to PGA and IMSALCO's southern borders was also affected by
the aluminum oxide fines. The SAB report did not explicitly state that the affected soil on the
railroad property was cleaned up or removed. although. the site map depicting the corrective action
area (assumed to be the area cleaned-up) did include the affected soil on the railroad property.
Therefore. some of the soil on the railroad property may still contain aluminum oxide fines because
it is not clear whether or not it was removed: however. as discussed previously, aluminum oxide is
not a hazardous substance.

Additional items of potential concern of which you may already be aware:

• Groundwater in the area is reported to be approximately 40 feet bgs.

• Several wells and an injection pipeline are located in the in the area of the proposed Bullard Wash
project.

• Two groundwater wells are located near the northwest comer of the IMALSCO facility. The
constrUction plans should not compromise the integrity of the wellhead that could provide a means of
access for contaminant migration into the low levels of the aquifer. If constrUction does impact the
wells, the wells can be formally abandoned in accordance with ADWR requirements.

2
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August 3, 1998

Ms. Cynthia Parker, Environmental Coordinator
Aviation Environmental Department
City of Phoenix Aviation
3400 Sky Harbor Boulevard
Phoenix, Arizona 85034

Subject: Bullard Wash Channel Improvements Project - Phoenix Goodyear Airport Debris
Dump

Dear Ms. Parker:

As you know the Flood Control District of Maricopa County and the City of Goodyear are
working together to design and construct the subject channel improvements project. The
alignment of the channel crosses through the southwest comer of the Phoenix Goodyear Airport.
Airport staff notified the District of the existence of an old construction debris landfill located in
this area of the airport.

We appreciate the information you have provided us about the landfill, including a copy of the
characterization report completed for you by SCS Engineers, dated June 4, 1998. The report is
comprehensive and includes data on numerous test trenches. In a recent telephone conversation,
you stated that you "felt very good about the material in the landfill" and that "you had retrieved
all of the waste oil bowsers" attributed to be in the landfill. The characterization done by SCS
plus previous historical information you provided indicates that no hazardous or other substances
requiring special handling are present within the landfill.

You have also provided to us information regarding the fact that the airport is within a superfund
site. The FAX included suggested language to be included in our specifications.

I have coordinated all"'this information with District Environmental staff and with District General
Counsel. We have incorporated this information into our project specifications, and we will
address the construction debris landfill as follows:

1. The specifications inClude the superfund site information language you recommended.

2. The specifications direct the contractor on how to excavate within the limits of the
landfill. This includes having either District Environmental staff or one of our on-call
environmental consultants on site at all times during such excavation.
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Ms. Cynthia Parker. Environmental Coordinator
City of Phoenix Aviation
Subject: Bullard Wash Channel Improvements Project - Phoenix Goodyear Airport Debris
Page2of2

3. Any material exposed during excavation which requires special handling will be handled
by District staff and our on-call consultant services, which are experienced in removing
and disposing of such material. Work by the contractor would cease in the area of the
exposed special material until it was mitigated.

4. Where construction debris remains exposed at the face of excavation limits as required
for the project, a minimal amount of over-excavation wiII be done to remove the exposed
debris, and the area will then be backfilled and compacted with approximately three feet
of clean dirt. This wiII create a more acceptable finished surface of the dump at such
locations.

5. Debris, stained soils and other similar materials will be removed to the limits required for
the project, plus any over-excavation as described above. We wiII not "chase" any debris
or stains beyond the required limits of the project beyond the over-excavation limits as
described above. Should our contractor cause a substance to leak and stain the soil, the
District would remove this soil.

You have been provided with the 90% plans for the project, and we will be happy to provide you
with a set of the final plans and specifications when available. You are also welcome to attend
the project construction pre-bid meeting, which will be held at District offices sometime in
October. The District will notify you of the date and time ofthe meeting. This will provide you
an opportunity to make any comments to the potential contractors bidding on the project.

If you should have any other questions or need additional information from us, or if you have any
additional information that would be helpful to us, please do not hesitate to call me at 506-4878.
Thank you again for your assistance on this project.

Sincerely,

Donald J. Rer k. P.E.
Project Manager

•

Copies to: Shawn Arena, Phoenix Goodyear Airport
Jack Shelter, City of Phoenix Aviation Department
Brad albert, Sverdrup Civil, Inc.
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY

BULLARD WASH OUTFALL CHANNEL IMPROVEMENTS
FINAL DESIGN

CONTRACT FCD #95-39 .
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1.0 PROJECT DESCRIPTION

• 1.1 General Description

1.1.1 Bullard Wash Outfall Channel. The F100d Control District of Maricopa County (DISTRICn
has completed the Bullard Wash Outfall Feasibility Srudy. September 1995 (Feasibility Scudy).
The feasibility study established the required lOO-year capacity channel. Grade control and
drop structures are incorporated into the design. Completion of the project will stabilize the
channel banks, restore the capacity of the channel to convey the lOO-year peak discharge. and
reduce the floodplain to the channel limits. The project features include a 2-mile outfall
channel with concrete armored banks, bridges at Highway MC-85 and the Southern Pacific
Railroad (SPRR), and an over chute structure at the BID canal. The project limits are shown on
Figure 1. The Bullard Wash Outfall Channel project is referred to herein as the D£STRICT
project.

•

•

This project includes completion of final design plans and construction documents. and an
Engineer's Estimate for the reach of Bullard Wash Creek between the Gila River and Lower
Buckeye Road. The final design will be based upon the results of the Feasibility Study. The
project will be constructed in two phases. with the first phase extending from the SPRR to the
Gila River. The second phase will extend from the SPRR to Lower Buckeye Road. Design ard
construction documents will be completed for both phases.

1.1.2 Maricopa County Highway 85/ Estrella IntersectDn Improvements. This project is to upgrade
the existing Highway MC-85 and Estrella Parkway intersection from a two-lane roadway to a
four-lane arterial roadway with left turn lanes. This pfoject extends along Highway Y{C·85
from approximately 1,500 feet west of Estrella Parkway to approximately 3.500 feet east of
Estrella Parkway. Additionally the Estrella Parkway will be upgraded from a.2 lane roadway
to a 4- land roadway with a raised median, from the Buckeye Canal bridge to approximately
1,500 feet north of Lower Buckeye Road and approximately 1.500 feet, east and west. along
Lower Buckeye Road. The project limits are shown on Figure I. The Maricopa County
Highway 85/ Estrella Intersection Improvements project is also referred to herein as the
MCDOT project.

1.1.3 The City ofGoodyear Estrella Parkway Improvements. This project includes the improvements
to the Estrella Parkway extending from 1,500 feet north of Lower Buckeye Road to
approximately 2,600 feet North of Yuma Road and approximately 1,500 feet, east and west.
along Yuma Road. The project limits are shown on Figure 1. The City of Goodyear Estrella
Parkway Improvement project is referred to herein as the City of Goodyear project.

1.1 A Project Funding. This design contract is funded by the DISTRICT who will be reimbursed for
portions of the work by MCOOT and the City of Goodyear. The DISTRICT is responsible for
costs related to the design of the Bullard Wash Outfall Channel. MCDOT and the D£STRICT
are each responsible costs related to the design of portions of the Maricopa County Highway
85/ Estrella Intersection Improvements with the City of Goodyear reimbursing MCDOT for
portions of its share. The City of Goodyear is responsible for costs related to the design of the
City of Goodyear Estrella Parkway Improvements. Intergovernmental agreements are being
negotiated accordingly between the three agencies and authorization of the related work is
dependent upon completion of the intergovernmental agreements.

1.1.5 Project Review. The DISTRICT and the City of Goodyear will be responsible for review and
approval of the Bullard Wash Outfall Channel. The DISTRICT and MCDOT will be
responsible for review and approval of the Bullard Wash Channel bridge at MCSS. MCDOT
will be responsible for the review and approval of the MCS5 roadway designs. The City of
Goodyear will be responsible for the review and approval of the Estrella Parkway

Contr.1Ct FCD 95·39
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Improvements. Design submittals for review and approval are to be transmitted accordinglv.

1.1.6 Project Fee Proposal. Notice to Proceed. and Invoices. The work and payment for the \-1(001­
and City of Goodyear projects are not authorized with execution of this contract and a separate
Notice to Proceed may be issued in writing by the District. The CONSULTANT shall submit
separate cost estimates in the fee proposal and invoices for each the Bullard Wash Channel
Improvement designs, the MCS5 bridge designs, the MCS5 roadway designs, and the Estrella
Parkway improvements design.

1.2 Purpose
The purpose of this project is to improve the capacity of the Bullard Wash channel to contain the 100­
year flood flows within a stable channel. The project design will be based upon FEMA guidelines and
will provide information needed by the Federal Emergency Management Agency(FEMA) to modify
the Flood Insurance Rate Maps reducing the floodplain to the area of the channel. This scope of work
describes the tasks to be completed for delivering complete final design and construction bid documens
for construction of the channel improvements, as described in the Feasibility Study.

1.3 Location
The project area is bounded by the Gila River and Lower Buckeye Road on the south and north
respectively, and by Bullard Avenue and Estrella Parkway on the east and west respectively.

1A Agencies
In addition to the DISTRICT, the following representative will be receiving copies of project submittals
and will act as a point of contact:

• Tomothy Edwards, P.E., City Engineer
City of Goodyear
119 North Litchfield Road
Goodyear, Az. 85338
(602) 932-1637

2.0 SCHEDJJLE

Paul Sullivan, Project Manager
Maricopa County Department of Transportation
2901 West Durango Street
Phoenix, AZ 85009
(602) 506-8649

•

2.1 The CONSULTAJ.'\IT will submit a separate project schedule for each the DISTRICT, MCDOT, and the
City of Goodyear projects within 14 days of the Notice to Proceed given for each project, showing
coordination meetings, dates of all required submittals for each of the tasks in the scope,and significant
project milestones. The schedule shall be developed in a computerized fonnat that contains the
anticipated beginning and end dates for the tasks identified in section 2.2, the time duration of each task,
a bar chart (Gantt Chart) showing the tasks, and the overall duration of the project. The computer
program MS PROJECT ver. 3.0 or compatible is preferred. The CONSULTANT shall update this
project schedule when appropriate.

The schedule shall provide for completion of the Bullard Wash Outfall Channel project within the
contract period of 334 calendar days from the initial Notice to Proceed and the MCDOT project within
180 days from the Notice to Proceed for that work. The schedule for the City of Goodyear project will
be negotiated prior to the Notice to Proceed for that work and will be completed within the contract
period of 334 calendar days.

2.2 Schedule Content. The schedule shall provide for completion of the work within the contract time
unless an extension is accepted by the District. The schedule shall include a minimum of the major
project milestones. project meetings, and submittal of deliverables.

:.3 Agency Review. The CONSULTANT shall allow for a three week review period, by the OlSTRlCT

Conlr.1Ct FCD 95-39
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and other involved parties. for all reports and data submitted for review and comment on the Bullard
Wash submirtals and four weeks for all reports and data submitted for review and comment on the
MCDOT and Town of Goodyear roadway design project. unless otherwise instructed.

3.0 TASKS

3.1 CoordinatioD
3.1.1 Project Management

3.1.1.1 The CONSULTANT shall appoint a Project Manager who has responsible charge of
the progress of each phase of the project. The Project Manager shall be the same
person listed in the CONSULTANTs Technical Proposal, unle$ otherwise approved
by the DISTRICT.

3.1.1.2 The DISTRICT may request replacement of the Project Manager if it becomes
apparent that this would be in the best interest of the project.

3.1.1.3 The Project Manager shall be the point of contact for the DISTRICT.
3.1.1.4 Invoices

a. The CONSULTANI 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 least 10 days prior to the
end of each quarter.

b. The CONSULTANT will submit montfily invoices which reflect work
accomplished during the invoice period. The invoices shall identify this contract
number and shall include: the total contract amount (toral and amount for each
work task identified in the negotiated fee proposal) times the percent complete.
the amounts previously billed, and the amount due for the period.

c. Invoices shall be submitted to Accounts Payable, Flood Control DISTRICT of
Maricopa County, 2801 West Durango, Phoenix, Arizona, 85009.

3.1.1.5 The CONSULTAJ.'\lT shall submit monthly progress reports which discuss project
activities for the same time period as included in the monthly invoices. The report
shall be brief (i.e., no longer than two typed pages). At a minimum. the monthly
report shall contain the following:
a. A description of the work accomplished by task during the reporting month.
b. A detennination of the percent (%) completed for the month and percent (%)

cumulative completed for each task. The tasks shall be the same as the tasks
contained in the project cost proposal.

c. A brief description of the work to be accomplished in the following month.
d. A description of any problems encountered and actions to resolve the problems.

3.1.1.6 The Project Manager shall call the DISTRICTs project manager once a week (or less
frequently as approved by the project manager) to provide a progress report.

3.1. 1.7 The CONSULTANT shall participate in monthly (or other less frequent time
increment as approved by the project manager) coordination meetings with the
DISTRICTs Project Manager and in milestone coordination meetings in the
development ofthe design and construction contract documents. The CONSULTANT
is responsible for the minutes of all meetings. Whenever possible, coordination and
milestone/deliverable review meetings should be combined.

3.1.1.8 The Project Manager shall keep the DISTRICT informed of all coordination with
outside agencies and other affected parties.

3.1.1.9 The Project Manager shall provide copies of minutes of meetings. telephone
conversations. and correspondence to the orSTRICT on a monthly basis.

Contract FCD 95·j9
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3.1.2 \l~etings

3.t.2.1 The CONSULTANT shall meet with officials from the City of Goodyear. The
purpose of the meeting is to identify local flooding problems and obtain information
on current and planned public works projects, channel modifications. storm-drainage
systems, development, and corporate limit changes. -

3.1.2.2 Meetings with other agencies and utilities will be held, as required. am will generally
be held at their offices. Additionally, the CONSULTANT will meet with
representatives of the A-Tumbeling-T Ranch. which is located between the ylC-85
and the Buckeye Canal, to refine the required modifications to the existing irrigation
distribution system. The DlSTRlCT will be kept informed of all such meetings. and
shall attend the meetings when needed. The DlSTRlCT will be provided copies of an
meeting minutes.

3.1.2.3 Meetings with the DlSTRlCT will generally be held at the DlSTRlCT offices.
3.1.2.4 Project Kickoff Meeting - The CONSULTANT will meet with the DISTRICT to

submit dates of all proposed submittals and review meetings, and to discuss the
schedule and tasks necessary to complete the project. The CONSULTANT will bring
the key project team members, including the project checkers, to the meeting to
introduce them to the DISTRlCT staff who will be working on the project. The
DISTRlCT will give the data and information described in section to the
CONSULTANT at this time.

3.1.2.5 Draft Design Concept Analysis Report Review Meeting - The CONSULTA:--;T will
meet with the District Project Manager and members of the project review team to
review the overall project status. and to discuss the Draft Design Concept Analysis
Report review comments which will be pravided to the CONSULTANT at the
meeting. The CONSULTANT should be prepared to discuss the design concept
analysis. A consensus on the design concept to be used in final design will be reached
at this meeting. Any problems will be identified and resolved at this meeting.

3.1.2.6 30% Submittal Meeting - The CONSULTAJ.'\lT shall meet with the DlSTRlCT Project
Manager and members of the project review team to review the overall project status.
and to discuss the 30% review comments which will be provided to the
CONSULTANT at the meeting. The CONSULTANT will prepared to exp lain all
assumptions and calculations completed up to this point. Any problems will be
identified and corrective actions agreed upon at this meeting. The first Performance
Evaluation shall be completed at this time.

3.1.2.7 60% Submittal Meeting - The CONSULTANT will meet with the DlSTRlCT Project
Manager to review the overall project status and to discuss the 60% review comment;
which will be provided to the CONSULTANT at the meeting. The CONSULTANT
should be prepared to discuss alternative flood mitigation solutions and the
preliminary cost estimates.

3.1.2.8 90% Submittal Meeting - The CONSULTANT will meet with theDlSTRlCT Project
Manager to review the overall project status and to discuss the 90% review comment;
which will be provided to the CONSULTANT at the meeting. All calculations.
analyses, drawings, and the design data report should be substantially complete atthis
point. The final submittal requirements will be reviewed.

3.1.2.9 Final (100%) Submittal Meeting - The CONSULTANT will meet with the DISTRICT
Project Manager to make the final submittal of the final deliverables whichhave been
modified to incorporate the 90% review comments. A Performance Evaluation will
be completed at this time.

Contract FCD 95-39
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3.2 Data Collection
3.2.1 The CONSULTANT will collect and review pertinent data from the DlSTRICT and other

outside sources. Data to be collected will include material relevant to the project. such as
previous flood hazard reports and hy"drology for the study area: existing tcpographic mapping;
historical flooding information; as-built plans for existing structures; FE;vtA Flood Hazard
Boundary Maps and any Letters of Map Amendment and/or Revisions, and other pertinent
information.

3.2.2 The DISTRICT wiII provide the data described in section 5.1 at the Kickoff meetinlZ.
3.2.3 The CONSULTANT wiII provide a list of the data items obtained in the Design Data Report.

3.3 Site Visits
3.3.1 The CONSULTANT will make site visits as necessary to become familiar with existing

conditions and to facilitate the design and preparation of construction contract documents.
3.3.2 The CONSULTANT wiII conduct field review at the following times:

• Prior to completion of the 30 % submittal,
• Prior to completion of the 60 % submittal, and
• Upon completion of the 90 % submittal review.

3A Survey
3A.I General Description. Requirements, and Documentation

3.·U.l Limits of Survey
The field control survey, topographic survey, and aerial control points for the project
will be supplied by the DISTRICT. The CONSULTANT will be required to comple1e
any supplemental survey required for design details and survey of potential borrow
or waste sites, according to the requirements herein. The CONSULTANT shall
complete photogrammetric mapping. with two foot contour intervals. for the project
and shall coordinate with the DISTRICT to assure completion of the setting of the
aerial targets prior to taking the aerial photographs. Aerial photography may be used
to supplement the design process, however. all final design and quantities will be
based on the field survey, not the aerial photography.

3.4.1.2 Supervision and Level of Accuracy and Detail.
All survey work shall be supervised by a Registered Land Surveyor. Except for the
survey data to be provided by the DISTRICT which is described in section 5.1, the
CONSULTANT shall conduct all field surveys am prepare all mapping necessary to
complete the project. The surveys shall be completed by the CONSULTAJ."IT at a
level of accuracy and detail for completion of final design, computation of quantities
for payment to the contractor, and for identification of right-of-way requirements.

3.4.1.3 Topographic Survey
The survey shall include, but not be limited to, field survey of ground terrain points
sufficient to define all terrain slope break points, identify all ridge lines. and terrain
detail with points located at no greater thana 100 foot grid. All points will be three
dimensional. Topographic features shall be surveyed to locate existing structures.
walls, streets, above ground utilities including pole locations, invert and rim of
manholes, edges ofsidewalks and street curbs, existing bank protection, existing stom
water inlets, and any other features or structures which may impact the proposed
construction.

3.4.1.4 Documentation of Survey Data
Survey data wiII be documented in a project survey report. Copies of all survey
notebooks or printout ofdigital files de-.eloped with data collectors will be provided.
All survey documentation and reports shall be sealed by a Regigered Land Surveyor.

ContraCt FCD 9S·39
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registered in the State of Arizona.
3"+.2 Survey and Ground Control ylapping Standards

3...+.2.1 Accuracy and Procedural Standards
All topographic mapping and survey work shall meet or exceed FEMA minimum
criteria as defmed in the FEMA Document 37, Flood Insurance Study Guidelines and
Specifications for Study Contractors, January 1995.

3..+.2.2 Horizontal and Vertical Control Datum
The DISTRICT will provide a description of the existing horizontal and vertical
control points to be used for this project.

3.4.3 Field Survey Control Points
3.4.3.1 Section Control Ties ··Not Required··
3.4.3.2 Temporary Bench Marks UNot Required··
3...+.3.3 Temporary Survey Ties UNot Required"

3.4.4 Digital Topographic Mapping
3.4.4.1 Digital Terrain Modeling

The CONSULTANT shall use digital terrain modeling (DTM) and contour generati~
software to create data files. The DTM shall be completed consistent with the
DISTRICT "Digital Terrain Model Mapping Data Collection and Delivery
Specifications", release 1.0, May 1994. The CONSULTANT shall provide data tiles
of the DTM data which will allow e'(trapolation of HEC-II cross-sections. The data
files shall contain 3-dimensional survey points and any topographic contours
developed for the project which shall have elevations assigned to all contours.

3.4.4.2 Final Submittal (Digital Data)
The final submittal of all digital maps, computer files, and other data shall be
prepared and submitted in the manner defined for input by the guidelines in "Data
Delivery Specifications: The Hydrologic Information System (HIS)" which is
available from the DISTRICT.

3.4.·U ··not required··

3.5 Hydrology ··not required··

3.6 Hydraulics
3.6.1 The CONSULTANT shall perform complete and detailed hydraulic analysis of the project

channel and hydraulic structures.
3.6.2 The CONSULTANT shall follow the procedures outlined in the "Drainage Design Manual for

Maricopa County, Volume II Hydraulics" for all hydraulics calculations.
3.6.3 The design discharges to be used for this project will be provided by the DISTRICT and will

be confIrmed by the CONSULTANT.
3.6.4 The DISTRICT has submitted documentation to FEMA in a request for aConditional Letter of

Map Revision, including a HEC-2 model for the proposed conditions. The CONSULTAi"ST will
document any design changes from the HEC-2 model, and will make modifIcations to the model
to reflect the final designs completed under this scope of work.

3.7 Floodplain Delineations •• not required··

3.8 Geotechnicallnvestigation
3.8.1 The CONSULTANT shall conduct or contract for necessary geotechnical investigations to

determine the soils engineering properties. The geotechnical investigations shall include
borings completed within locations of anticipated project excavations exceeding 3 feet in depth
Borings are to be completed to a depth of 5 reet below the depth of excavation and at intervals
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not to exceed 500 feet. The DISTRICT \\iill approve the proposed locations of all soil borin2:s
and laboratory testing prior to any field work. -

The CONSULTA,,'\lT shall contact ;vIr. Bob N. Prince, Southern Pacific Lines. 1200 Corporate
Center Drive, Monterey Park. Ca. 91754. (213 )980-6956, to acquire an agreement to conduct
geotechnical work within the Southern Pacific Lines property.

3.8.2 The CONSULTANT shall provide soil boring logs drafted on 4-mill mylar sheets for
incorporation into the plans.

3.8.3 The CONSULTANT shall notify the DISTRICT ofany hazardous materials encountered during
geotechnical investigations which have not been previously identified be the DISTRICT.

3.8.4 The CONSULTANT shall complete a geotechnical engineering report prepared and sealed by
a qualified., registered professional engineer. The report shall includemaps showing the sample
site locations with survey data for horizontal and vertical control, documentation of laboratory
test results, calculations, and narrative summarizing the results and design recommendations.
The report shall be prepared and sealed by a qualified., registered Professional Engineer and
shall include any necessary calculations to support the recommendations. Seven (7) copies of
the geotechnical engineering report, and any revisions, will be submitted prior to the 30%
submittal.

3.9 Hazardous Materials
3.9.1 The CONSULTANT will document. in the Design Data Report. if the project design requires

the use of any materials either brought onto the site or created on the site that are covered by
the State of Arizona Hazard Communication Standard. This identificationshall be included on
all affected drawings and within the specifications. The CONSULTANT shall provide any
required Special Provisions listing of the hazardous materials and a cross-reference to the plans

3.9.1 The CONSULTANT shall provide Material Safety Data Sheets, where appropriate.
3.9.3 The DISTRICT will provide documentation of any studies conducted by the DlSTRICT to

identify existing hazardous materials on land within the project construction area.

3.10 Rights of Way and Easement!
3.10.1 The DISTRICT will acquire rights-of-entry for site investigations including geotechnical

investigations. The CONSULTANT shall coordinate the schedule of all field activities win
the DISTRICTs Project Manager.

3.10.1 Existing property boundaries, in AutoCAD format, will be provided to the CONSULTAJ.'\lT
by the DISTRICT.

3.10.3 U Not Required--
3.10.4 The CONSULTANT shal1 review permanent right-of-way and easement requirements

established by the DISTRICT necessary for the project features. The CONSULTAJ.'\lT shall
confirm the adequacy of the established right-of-way and easement requirements.

3.10.5 The CONSULTANT shall review and confirm any temporary construction easements
established by the DlSTRICT for this project.

3.10.6 UN9tRequired"

•
3.11 Utilities

3.11.1 The CONSULTANT is responsible for contacting known existing utilities prior to design.
3.11.1 The DISTRICT shall provide available utility maps and identify uilities within the general

project limits. The DISTRICT does not guarantee the accuracy of this information. The
CONSULTANT shall analyze and verify the available information and. where necessary,
obtain additional data from the utility. Utility map information is to be supplemented by
a tield survey of surface features (i.e.• water valves, manhole covers, etc.) and potholing for
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3.11.3 Existing utility locations shall be shown on the earliest practical plan submittal. Jnd in no
case later than the 60 percent submittal.

3.11 A The CONSULTANT shall provide design calculations, plans. and specifications for the
relocation of all water and sewer lines. The CONSULTANT shall coordinate these
relocations with the jurisdiction that owns the facilities. Design for the relocation of
municipally or privately owned facilities shall be in accordance with the standards of the
owner and shall be subject to approval by the municipality and the DISTRICT.

3.11.5 The CONSULTANT shall be responsible for potholing utilities, and the cost of this work
shall be included in the CONSULTANT's proposal.

3.12 Traffic
3.12.1 The CONSULTANT shall identify requirements for public and private access within and

across the project limits, review traffic control requirements and provide traffic control
plans, and, if necessary, detour plans for the construction phase. The CONSULTANT shall
coordinate all aspects of traffic control and detour design, subject to the review and
approval of the jurisdictional authority.

3.13 Drainage Master Plan Unot requiredU

3.14 Pre-design Unot required··

•

•

3.15 Final Design Calculations and Construction Documents
3.15.1 General Design Requirements

3.15.1.1 Channel designs - Channel designs shall be based upon the preliminary designs
as documented in the Feasibility Study, and shall be consistent with the
DISTRICT's Channel Design Criteriafor Major Water courses (dated 3 February
1994) and the Drainage Design Manual for Maricopa County (dated 1 September
1992). The channel design will require earthwork calculations to excavate/fill the
existing channel to the prisms required to convey the 100-year discharge.
Earthwork calculations shaH include volumes for borrow and waste and
construction drawings shall show the volumes, location, grades and limits of
borrow/waste sites.

The CONSULTANT will review the existing HEC-2 model of the proposed
design. Any revisions made during the final design phase will be incorporated
into the model for submittal to FEMA to update DISTRICT's request for a
CLOMR. The modified HEC-2 model will be submitted at the 90% submittal.
Narrative describing the modifications shall be prepared and submitted with the
revised model.

The CONSULTANT will review existing scour analysis for armor toe down
depth. conduct bridge scour analysis at bridge and culvert crossings, use existing
sediment gradations and supplement as required for local site scour requin:ments.

3.15.1.2 Bank armor - The majority ofthe reach is to be armored with reinforced concrete.
The reach at the SPRR bridge inlet is to be fully lined with reinforced concrete.
The reach from the BID overchute to the Gila River is to have banks armored win
gabions.

3.15.1.3 Bridges - The CONSULTANT shall complete designs for the Highway YlC-85
road crossing. The the SPRR bridge designs are to be completed by the SPRR.
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The CONSULTANT shall coordinate with the SPRR to assure compatibility of
the railroad bridge design with the Bullard Wash design. The designs are to be
completed using standards and procedures acceptable to the Maricopa County
Department of Transportation (MCDOT) for the Highway Y{C·85 bridge. The
CONSULTANT will coordinate with the SPRR and MCDOT throughout the
design process. Copies of all correspondence and telephone conversation memos
are to be provided to the DISTRICTs Project Manager.

3.l5.IA Bm Canal Overchute -The Bm Canal Overchute shall be designed consistent
with the preliminary designs summarized in the Feasibility Study. The
CONSULTAANT shall complete designs ofa maintenance/access bridge crossirg
the Buckeye Canal overchute for access along the canal maintenance road.

3.15.1.5 Access Ramps - The channel design shall include access ramps for maintenance
and access across the channel for continued farming activities.

3.15.1.6 Earthwork Calculations· Earthwork calculations shall be completed using
software which computes earthwork from a digital terrain modes. Quantities for
each reach shall be shown on the plan/profile sheets. Any required fill areas.
borrow/waste sites shall be shown on the plans.

3.15.1.7 Revegetation, vegetation maintenance (trimming and clearing) - Required
revegetation and/or seeding shall be shown on the plans and addressed in the
specifications.

3.15.1.8 Irrigation Facilities - Existing irrigation facilities convey water to and distribute
water throughout the lands located between the Highway MC-8S and the Bm
Canal. The designs to maintain service during construction and modifications
required for construction of the Bullard Wash Outfall Channel shall be
coordinated with the representative of the property owner. The CONSULTANT
shall coordinate with the owners representative and shall keep the DISTRICTs
Project Manager informed of the design requirements.

3.15.1.9 Aesthetic Treaanent and Landscaping - The DISTRICT will fonn an advisory
conunittee to recommend aesthetic features for the project. The committee will
be composed of the DISTRICT's project manager, public involvement
coordinator, ecologist; the CONSULTANT; and if available a neighborhood
represenrative, cooperative agency project managers. other DISTRICT staff. and
other agency represenratives. The DISTRICT will conduct a public involvement
meeting to present and discuss the project aesthetic rreaanent. The landscaping
design requirements are limited to inclusion of overseeding and minor plantings
and/or salvage and replanting. Design of an irrigation system for landscaping is
not included in this scope of work.

3.15.2 Design Concept Analysis· The CONSULTAJ.'IT shall review existing designs as provided
in the Feasibility Study Report. The concept analysis shall include an evaluation of
alternative drop structure types, heights. hydraulic characteristics, costs. and aesthetics.
Alternative methods to direct and/or convey flows into the channel shall be studied and
summarized in the Design Concept Analysis Report. Alternative channel geometry to
improve aesthetic and recreational potential shall be studies with at lease three alternative
channel concepts studied. Alternatives to allow access for recreational purposes shall be
studies. The study results shall be incorporated into the draft design concept analysis
report. The report shall include a summary of me review of the Feasibility Study designs
and shall include a summary of the methodologies and procedures to be used in completirg
the final designs.

3.15.3 Designs and Calculations - The CONSULTA...I.'H shall use methods and procedures which
are n~rmal and customary standards of the industry. All calculations. sketches. computer
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printouts. or other written or printed data used in the final design shall be included in the
design data report.

3.15.-1- Construction Drawings· The CONSULTANT shall prepare separate design plans and
construction documents for Phase 1 and Phase 2 including, but not limited to:
• Flood Control District standard cover sheet
• General notes
• Summary Sheets - The plans shall include a summary table of concrete, excavation,

and structural backfill quantities for each structure. These quantities shall be shown
on an appropriate structures summary sheet; a separate quantity sheet shall not be
prepared. The quantities in the table shall add up to the bid item quantities for each
bid item, including the appropriate class and strength of concrete (Le., Class "A",
Class "AA"). The CONSULTAJ.~shall itemize the quantities using the appropriate
M.A.G. Specification Section numbers.

• Plan and profile sheets Cross sections
• Utility relocations
• Special details
• Separate documents for phase I and 2

3.15.5 Construction Special Provisions
3.15.5.1 The CONSULTANT shall prepare Construction Special Provisions as part of this

contract. The Construction Special Provisions shall be numbered, named. and
sequenced in the same order as MAG Specifications. Each Construction Special
Provision item referenced shall state whether it replaces <il or part of, or is added
to, the corresponding MAG Specification Section numbers.

3.15.5.2 The District shall provide an example of Construction Special Provisions for the
CONSULTANT to follow.

3.15.6 QuantitieslEngineer's Estimate
3.15.6.1 The CONSULTANTshall prepare a Bidding Schedule and an Engineer's Estimate

for all elements of the design including costs for alernative materials. The items
in the Engineer's Estimate shall conform exactly to the Bidding Schedule Items.
Item numbers in the Bidding Schedule shall follow MAG Specification Section
numbers.

3.15.6.2 The CONSULTAJ.'lT shall include quantity calculations and unit cost backup
documentation.

3.15.7 Design Data Report - The CONSULTANT shall maintain a design report throughout the
project which contains documentation of the designs, analysis, andcaIculations. The report
shall be organized to include, but not limited to, the following sections as appropriate tothe
project:
• A recommendation of lateral design, configuration, alignment, and feature locations.

(Include a 1"=100' scale preliminary plan at Y: scale).
• Location of conflicting utility relocations and potholing locations.
• Requirements for public and private access.
• Right-of-way and easement information.
• Identification of hazardous materials.
• Design review and permitting requirements.
• Construction duration and schedule.
• Special project features, including unusual construction techniqu:s, special materials,

and/or conditions.
• Maps. sketches, calculations, and other supporting documentation as required.
• Recommendations for additional field surveys and/or soils investigations.
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3.16 Construction :\lanagement ** ~ot Required**

• 3.17 Public Involvement

3.17.1 The D1STRlCT will plan and conduct two public meetings in conjunction with this study.
The first meeting will be to inform the public of the Design Concept Analysis results.
The second meeting will be to inform the public and obtain public comment on the project
status and the landscaping and aesthetics proposed for the project. and shall take place at
the project 30 percent level of completion. One representative from the CONSULTAJ.~T

will attend each of the meetings. The CONSULTANT will respond to the public's
comments and make revisions to the study if necessary.

3.17.2 CONSULTAi'\lT will provide an exhibit (8 112 inch X 11 inch) showing the gereral project
features or project impact area suitable for reproduction cr publication and a digital file of
the exhibit.

3.17.3 The CONSULTANT shall assist the D1STRlCT in the preparation of the graphic displays
by providing digital and hard copies of drawings and figures which the CONSULTAi'\lT has
completed for other portions of this scope of work.

•

•

3.18 Permits and Approvals
3.18.1 The CONSULTANT shall be responsible for determining if plan approvals. perm its. or

licenses from other agencies will be required. Other agencies m~ include, but may not be
limited to: municipalities. tribal governments. the CountyHealth Department. the Arizona
Department of Environmental Quality. the Arizona Department of Water Resources. the
Army Corps of Engineers. railroads, utilities, and water districts.

3.18.: The CONSULTANT shall be responsible for Qbtaining required approvals .from
municipalities.

3.18.3 The D1STRlCT will be responsible for coordination with the US Army Corps cf Engineers
regarding Clean Water Act section 404 permits and with the Arizona Department of
Environmental Quality reguarding Clean Water Act section 401 permits.

3.19 Performance Evaluation
3.19.1 The Performance Evaluation Form shall be given to the CONSULTANT at the prelimimuy

meeting to provide the CONSULTANT with the criteria for doing the Performance
Evaluations.

3.19.2 Performance Evaluations shall be completed by the CONSULTAi'\lT and the DISTRICT
at the 30% Submittal Meeting and at the Final Submittal Meeting. The standardevaluation
forms shall be provided by the DISTRICT.

3.20 FEMA Submittal for CLOMR
3.20.1 Utilizing data developed for the Skunk Creek Master Plan, the CONSULTANT shall

prepare documentation suitable for submittal to FEMA to request a Conditional letter of
Map Revision (CLOMR) based upon the proposed channel improvements. A FEMA
CLOMR is to" be requested by the DISTRICT. CONSULTANT shall prepare
documentation of the recommended project altemative in sufficient detail to document the
resulting changes in the floodplain delineation due to the proposed project. Documentatioo
sufficient for submittal for a CLOMR shall be provided by the CONSULTANT and shall
include data described in section 4.3. The CONSULTANT will prepare the study
documentation using the guidelines established in FEMA documents:
• Flood Insurance Study Guidelines and Specification for Study Contractors, Document

37. January 1995,
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• A.ppeals. Revisions. Jnd Amendments to Flood Insurance Maps. FIA Document 12.
January 1990

• Revisions to National Flood Insurance Program Ntaps. Application/Certification Forms
and Instructions.

3.20.2 Consultant shall provide responses to review comments, questions. and requests for
additional information by FEMA.

3.21 Maintenance Plan
The CONSULTANT shall prepare a maintenance plan which shall document the required
maintenance of the proj~t facilities. The plan shall include descriptions of the required vegetation
maintenance, periodic dredge and fill requirements within the channel, materials (paints.
lubricants. etc.), any sp~ia1ized equipment required. maintenance intervals. manufacturers data
and specifications. and an estimate of the required manpower and costs required. The
maintenance plan shall be submitted in draft form for review and in final form after completing
revisions to incorporate review comments.

4.0 DELIVERABLES
4.1 Hydrology .. Not Required"
4.2 Floodplain Delineation "Not Required"
4.3 FEMA Submittal

4.3.1 Preliminary FENlA Submittal
The CONSULTANT will submit documentation of the Skunk Creek Master Plan to the
District for review by FEMA and any other appropriate governmental agency. All of the
following products are considered deliverables for me Preliminary FENlA submittal:
• Documentation of public involvement,
• Two (2) complete printed sets of plan-profile drawings or topographic base maps with

the proposed channel improvements and the floodplain/floodway delineations if the
channel will convey a maximum capacity less than the 100-year peak flow. All
drawings will be signed and sealed by persons of appropriate professional
registration(s). Each registrant will provide a s~ific statemmt as to what service they
performed.

• Two (2) complete copies of the T~hnical Data Notebook, including HEC-l and HEC-2
input/output files on diskettes. HEC-l and/or hydrology documentation shall be
provided by the DISTRICT. The Technical Data Notebook will be prepared in
accordance with ADWR State Standards Attachment 1-90 (SSA 1-90).

• Two (2) sets of completed FEMA forms will be submitted in a notebook or binding
separate from the Final Report.

• Documentation of the survey data.
• Two (2) copies of the current FIRIvt panels showing the proposed delineation.

4.3.2 Final FEMA Submittal: The following products are considered deliverables forthe final
submittal to the District after FEMA approval is issued:
• One (1) complete sets of mylars and four (4) complete sets of sealed blueline

topographic base maps or plan-profile drawings showing the proposed channel
improvements and the floodplain/floodway delineations if the channel is designed to
convey less than the 100-year peak discharge. Sheets shall be non-erasable mylar, 24"
X 36" in size. and numbered to correspond to the delineation maps. 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.
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• Four (~) complete copies of the Technical Data Notebook includirg HEC· [ and HEC-2
input/output files on diskettes. The Technical Data Notebook will be prepared in
accordance with ADWR State Standards Attachment 1-90 (SSA 1-90). This submittal
of the Technical Data )/otebook shall include any correspondence and/or meeting
minutes with the reviewing agencies and shall reflect any revisions required by those
reviewing agencies. Revisions may include. but are not limited to, modifications to the
delineation maps, the HEC-l model, the HEC-2 model, and/or the Final Report.

4.4 Pre-design ·Not Required"

4.5 Final Design
4.5.1 Data Collection Report
4.5.2 Concept Submittal or Study

4.5.2.1 Draft Design Concept Report
4.5.2.2 Final Design Concept Report

4.5.3 Survey Report
4.5.4 Geotechnical Report
4.5.5 30% Design Submittal:

Upon approval of the Concept Submittal by the District. the CONSULTAJ.'lT shall incorporate
review comments and perform preliminary investigation and calculations necessary to prepare
the 30% Submittal. All submitted items shall be dated and marked "Preliminary, 30%
Submittal".
4.5.5.1 Design Data Report - Submit six (6) copies to the District for review.
4.5.5.2 Construction Drawings

Indicate existing topography.
Indicate lateral alignment. plan/profile, cross-section, and traffic contro I
requirements.
Include the approximate size and configuration of project features.
Indicate right-of-way and easements required.
Indicate conflicting utilities that are to be relocated and/or protected.
Details need not be included.
Submit ten (10) full size and two (2) half size sets to the District for review.
Submit copies as required to the municipality for review of water and sewer
relocations and to all other utilities.

4.5.5.3 QuantitieslEngineer's Cost Estimate. Submit two (2)copies to the District for review.
4.5.5.4 Correspondence. Submit one (1) copy of all correspondence and minutes of

conversations/meetings with other affected agencies and utility owners for District
records.

4.5.6 60% Design Submittal:
Upon approval of the 30% Submittal by the District. the CONSULTANT shall incorporate
review comments and perform hydrology, hydraulic, civil, and strUctural calculations necessary
to prepare the 60% Submittal. All Submitted items shall be dated and marked "Preliminary.
60% Submittal".
4.5.6.1 Design Data Report

4.5.6.1.1 Update all of the items contained in the Concept Submittal.
4.5.6.1.2 Submit three (3) copies to the District and one copy to each agency

identified in section 1.4.
4.5.6.2 Construction Drawings

Plans shall be complete with the exception that details and schedules may be
preliminary in narure. Submit three (3) full size sets to the District and one copy to
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each agency identified in S~ction IA. Submit copies. as required. to the municipali~

for review of water and sewer relocations. The District shall distribute plans to all
other utilities.

4.5.6.3 Construction Special Provisions (CSPs)
Include a Bidding Schedule.
Submit three (3) copies to the District and one copy to each agency identified in
Section lAo

4.5.6.4 QuantitieslEngineers Estimate. Submit one (l)copy to the District and one copy to
each agency identified in Section 1.4.

4.5.6.5 Correspondence. Submit one (1) copy of all correspondence and minutes of
conversations/meetings with other affected agencies and utility owners, which were
not previously submitted, for District records.

4.5.7 90% Submittal:
Upon approval of the 60% Submittal by the District, the CONSULTANT shall incorporate
review comments and perform hydrology, hydraulic. civil, and structural calculations necessary
to prepare the 90% Submittal. All Submitted items shall be dated and marked "Preliminary,
90% Submittal".
4.5.7.1 Design Data Report - Update all ofthe items contained in the 60% Submittal. Submi:

ten (10) copies to the District for review.
4.5.7.2 Construction Drawings

Drawings shall be complete and appear ready to bid. Include soil boring logs sheets.
Submit five (5) full size and two (2) halfsize sets to the District for review. Submit
copies as required to the municipality for review ofwater and sewer relocations: lli
District shall distribute plans to all other utilities.

4.5.7.3 Construction Special Provisions
Include Bidding Schedule.
Submittfour (4) copies to the District for review.

4.5.7.4 QuantitieslEngineers Cost Estimate
Submit four (4) copies to the District for review.

4.5.7.5 Submit Revised HEC-2 model and documentation.
4.5.7.6 Correspondence. Submit one (1) copy of all correspondence and minutes of

conversations/meetings with other affected agencies and utility owners, which were
not previously submitted, for District records.

4.5.8 Design Final Submittal:
Upon approval of the 90% Submittal by the District, the CONSULTANT shall incorporate
review comments and make required corrections, changes, etc., to the hydrology, hydraulic,
civil, and structural calculations, and incorporate commens and make changes and corrections
to the design report, plans, CSPs, and cost estimate. All submitted items shall include the
construction number and shall be 'sealed' by a registered engineer and ready for advertising md
bidding. Upon receipt of the final submittal, the District shall review the plans and special
provisions for the accurate incorporation of all fnal comments. If incomplete and/or incorrect
incorporation of those comments is found, the original documents shall be returned to the
CONSULTAJ.'lT for correction and resubmittal.
4.5.8.1 Design Report. Submit twelve (12) copies to the District in final bound format.
4.5.8.2 Construction Drawings. Submit original sealed mylars ready for reproduction and

two (2) half size sets. Submit floppy diskettes containing .DGN or .DWG files.
4.5.8.3 Construction Special Provisions. Submit sealed original documents for reproduction

Submit floppy diskettes containing files in either Word Perfect or ASCII format.
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...5.3.5

Final Engineer's Construction Cost Estimate. The cost estimate will be deli .. ered to
the DISTRICT in a sealed envelope marked with the date. the project name and
"Engineer's Estimate". Cost estimate shall be sealed by a registered engineer.
Correspondence. Submit one (l) copy of all correspondence and minutes of
conversations/meetings with other affected agencies and utility owners, which were
not previously submitted, for District records.

4.6 HIS Data
The CONSULTANT shall prepare digital data in conformance with the District's Hydrologic
Information System (I-lIS) FCDMC, Ver. 2.0, June 1995, for the following themes:

5.0 DESIGN REFERENCES, SPECIFICATIONS AND STANDARDS
5.1 Project Reference Material

The following data is available and will be provided to the CONSULTAL'\iT at the project Kickoff
Meeting by the DISTRICT:
• The Bullard Wash Ourfall .~easibility Study report, Volumes 1 and 2, September 1995
• Digital files of drawings and exhibits contained in theBullard Wash Ourfall Feasibility Stu~report

in Microstation format,
• Digital file of the property boundary survey in DXF format,
• Two foot contour interval topographic mapping, in DXF format.
• Survey bench marks, ERM's, and control points
• HEC-2 model for existing and proposed conditions

•

NDXPRJ (Project map Index)
CORNERS (PLSS Survey Control Points)
CTRL (Miscellaneous Survey Points)
STRCT (Structures: bridges,culverts, ...)
DQ.REL (Data Quality)
PRJ.REL (Project Information Table)
FPBLN (Floodplain Baseline)
FPSRFFCD (Surface Water Elevation)
FPXFCD (Cross Sections from HEC2)
STRTDTL (Street Detail)
UTLTV (Utilities)
ELV (Contours and Spot Elev., for new topo)
RIVER (Stream flow lines)

LP-40
LP-210
LP-215
LP-360
LP-410
LP-430
LP-520
LP-535
LP-540
LP-660
LP-670
LP-710
LP-960

5.2 Standard Details and SpecifiatioDS

•

5.2.1

. " ..,)._.-- , ..
)._•.J

5.2A

"Uniform Standard Details for Public Worlcs Construction", Maricopa Association of
Governments (MAG), 1979;
"r..:niform Standard Specifications for Public Worlcs Construction", MAG, 1979;
"Supplement to the .\fAG Uniform Standards Details and Specifications for Public Works
Construction" by Maricopa County Highway Department (now referred to as ~ICDOT),

together with current revisions shall be utilized as part of the design criteria.
Use standard MAG details on plans unless otherwise requested by FCDMC. ADOT standard
details may be used. as approved and when appropriate, then modified to be referenced to ~IAG

specifications.
"Policy for the Aesthetic Treatment and Landscaping ofFlood Control Projects". latest revision
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5.3 Design ~[anuals, Policies, Guides and Procedures

• 5.3.1. .., .,
) ..J._

5.3 .3

5.3A
5.3.5

5.3.6

5.3.7

5.3.8
5.3.9

"Drainage Design .\4anualfor .'vlaricopa County. .-lri:ona. Volume I H.vdrolog;J'. latest edition.
"Drainage Design .'vlanualfor .\laricopa County .-lri:ona. Volume II Hydraulics". latest editiolt
"Drainage Design .'vlanualfor .'vfaricopa Comty. .-lri:ona. Volume III Erosion Control". latest
edition.
"Urban Highways. Channel Lining Design Guidelines", February 1989, ADOT.
Structural design shall be in accordance with current AASHTO Specifications. Street and
maintenance road crossings shall be designed to accommodate HS20-44 loading. Calculations
shall be based on service loads and the working stress method.
"Policy on Geometric Design of Highways and Streets", AASHTO, 1990, commonly referred
to as the "Green Book", and "Maricopa County Department ofTransportation Roadway Desigl
Manual" latest edition and revisions shall be used, unless otherwise requested by FCDMC.
"Roadside Design Guide", 1989, AASHTO, to be used to establish clear distances and other
related safety issues.
"Channel Design Criteria for Major Watercourses", MCFCD, latest edition.
"A Levee Policy for the National Flood Insurance Pro~",National Research Council, 1982.

•

•

5.4 Survey and Mapping
SA. 1 Data Fonnat

5.4.1.1 All field collected survey data oblained using conventional survey methods shall be
noted in standard 5" x 7" hard-bound survey books

5.4.1.2 All survey data collected electronically shall be submitted on 3.5"or 5.25" diskettes.
5.4.2 Elevation Datum

5.4.2.1 Plans shall be based on the survey control datums as noted in Section 3.4.2.3:
5.4.3 Restoration of lost or obliterated section corners shall be set in accordance with current

publications of the following and shall be per MAG Standard Detail 120-1, type C:
"Minimum Standards for Arizona Lang Boundary Surveys" by Arizona State Board of
Technical Registration and "Restoration of Lost or Obliterated Comers and Subdivision of
Sections" by the United States Department of Interior Bureau of Land Management.

5.-t4 Elevation Reference Marks ( ERMS) shall be labeled on the plans and described in a manner
which allows them to be relocated in the field.

5.S Drafting Standards for Construction Drawings
5.5.1 FCDMC sample plans may be provided with the intention thatthey shall be used as a guide, and

are not a substitute for design criteria, technical assistance, or sound engineering judgement.
The CONSULTANT shall use plan symbols shown in the MAG Standard Details and MCOOT
Supplement to the MAG Standard Details, unless otherwise requested. FCDMC makes
extensive use ofreduced plan sets. The CONSULTAJ.'IT shall submit sample plans for approval
prior to commencing work. Plans not capable of producing high quality prints by FCDMC in
reduced fonn shall be considered unacceptable and shall be redrawn by the CONSULTANT at
no additional cost to FCDMC.

5.5.2 The DISTRICT uses a "Xerox" process for final reproduction of drawings for bid sets. The
CONsuLTANT shall not draw on the back side of drawings, or use any fonn of shading
techniques that will not reproduce clearly using this fonn of reproduction.

5.5.3 Unless otherwise directed, the CONSULTANT shall use the following scales.
5.5.3.1 Plan Scales:

I" = 40' Horizontally and 1" = 4' Vertically in rural areas, unless otherwis: approved
in writing by FCDMC. Plans for construction in urban areas are usually 1"=20"
Horizontally, unless otherwise approved in writing by FCDMC.
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The CONSULT.-\N'T shall use a larger scale ifnecessary to obtain good clarity in the
plans and reduced prints. The CONSULTAJ.\JT shall be responsible for using J scale
that results in good plan clarity.

5.5.4 Drawings shall be prepared using \-{icroStation PC, Version ~ or AutoCad. Release 12 per
DISTRICT standards.

5.5.5 All lettering on drawings shall be vertical, plain. and legible. 'Architectural' style hnering shail
not be accepted. The following lettering sizes apply:
118" Lettering and Notes
5/32" Subtitles
7/32" Main Titles

5.5.6 The final (100%) submittal shall be ploted at a minimum of 400 dots per square inch on ~ mil
mylar. The final plot shall be plotted or photo reproduced on 4 mil mylar withal! sticky backs.
Ifplans have been hand drafted. the final (100%) submittal shall berapidograph-inked drawings
on 4 mil mylar. If sticky backs have been used, 4 mil photo reproducible mylars shall be
submitted, with original seal and signature on the photo mylars. All seals and signatures shall
be in smudge-proof ink.

5.5.7 The DISTRICT shall provide the CONSULTANT with a diskette containing .DWG or .DGN
files for the standard cover sheet and working drawing sheets.

5.5.8 The plans shall include a summary table of concrete, excavation and structural backtill
quantities for each structure. These quantities shall be shown on an appropriate structures sheet
a separate quantity sheet shall not be prepared. The quantities in the table shall add up to the
bid item quantities for each bid item, including the appropriateclass and strength of concrete
(i.e., Class "A", Class "A.A.").

5.6 Calculations Standards
5.6.1 The CONSULTANT shall independently check all design drawings and calculations. Each

drawing shall be initialed and dated by both the designer and checker for each and every
submittal of design drawings and calculations. The CONSULTANT shall verify the
completeness of the check before submitting drawings or calculations to the DISTRICT.

5.6.2 All design calculations submitted to the DISTRICT shall be complete in detail and shall be
checked. All engineering assumptions made during the design other tlnn standard engineering
judgements shall be documented with appropriate references on the calculation sheets.

5.6.3 The person checking the calculations shall not b: the originator, and shall be of equal or better
qualifications than the originator.

5.6.4 Calculations can be either hand calculations or computer generated calculations. Computer
generated calculations can be used for either the design or the check, but cannot be used for
both the design and the check. All hand calculations and computer generated calcuations shall
be sealed prior to submittal to the DISTRlCT. HEC-I and HEC-II modelilg are excepted from
the hand calculation requirement.

5.6.5 The work of any sub-consultants utilized by CONSULTANT for this contract (i.e., civil design
structural design) shall be reviewed by CONSULTANT for compliance with this scope of work
and these specifications prior to submittal for review by the DISTRICT. In particular. all
calculations sheets shall be initialed and dated by both a designer and a checker.

5.7 Geotechnical
5.7.1 In-situ soils testing, if required. shall be in accordance with NAVFAC DM-7.1, Soil Medlanics

Design Manual 7.1, May 1982. Boring and test pit locations must be submitted to the
DISTRICT for review and approval. An attempt shall be made to extend all test borings
through the significant zone by auger. however. if refusal is met at a lesser depth, each test
boring shall extend at least five (5) feet beyond the anticipated depth of the invert. unless
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bedrock is hit. If ground water is encountered. then standard penetration tests shall be
performed with the water level in the hole at or above the ground water level.

5.7.2 Allowable soil bearing values and lateral load capacities shall be detenninedin accordance with
NAVFAC DM-7.2. Foundations and Earth Structure Design YfanuaI7.2. May 1982. and in
accordance with current AASHTO Specifications as interpreted by the orSTRICT. In case of
conflict between AASHTO and NAVFAC specifications, AASHTO specifications shall govem
The effect of future elevated moisture content or saturated condition ofthe soil due to potential
future seepage from the drainage structure should be considered and included in the soils report
The maximum allowable soil bering values recommended in sections 4.2.3 of AASHTO shall
not be exceeded without prior consultation with the DISTRICT.

5.7.3 The CONSULTANT shall have soils tests prepared and shall provide the orSTRICT the
original and copies of the report and any subsequent revisions as noted in Section 3.5.
Geotechnical Investigation. The report shall be prepared by the CONSULTANT or
SUBCONSULTANT named in the CONSULTANT's proposal. The report shall provide
narrative, sieve analysis, PI, moisture cootent, optimum moisture, shrinkage and swell factors.
expected ground compaction, subsidence potential in the area. "R" values, resistivity values ard
recommendations to support or reject the use ofmetal pipes and specific recommendations. The
report shall also include foundation requirements and supporting calculations for design loading
The report shall be sealed by a qualified registered engineer.

5.8 GISIHIS Standards
5.8.1 "Data Delivery Specifications: The Hydrologic Information System (HIS)" Flood Control

DISTRICT of Maricopa County, latest edition.

5.9 LandscapelIrrigation Standards

5.9.1 The CONSULTA.1"iT's design shall be in compliance with the "Policy for the Aesthetic
Treatment and Landscaping ofFlood Control Projects", latest edition.
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__________-----:A..........ppendix C

Survey Field Notes

Please refer to Design Data Report, Bullard Wash Channel Improvements, Final Design,

Sverdrup Corp., September 1998 submitted under separate cover regarding survey information

for this study area.

There are no hydrologic survey field notes for this study area. The previous study (WLB) 2 ft CI

mapping provided adequate relief for the interior drainage hydrologic model.
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Hydrologic Analysis Supporting Documentation
for Interior Drainage Analysis
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Appendix D3
Appendix D4
AppendixD5
Appendix D6

Precipitation Data
Physical Parameters
Hydrograph Routing Data
Reservoir Routing Data
Flow Split and Diversion Data
Hydrologic Calculations



______________---=A~ppendixDl
Precipitation Data

As listed in Table 4.1, the l00-year 24-hour precipitation for this study area is 4.03 inches. A
statistical analysis is not deemed necessary for this study.

" .



______________-=A:...==.ppendix D2
Physical Parameters

This appendix contains a summary of the physical parameters used for the interior drainage
analysis of this project. Refer to Bullard Wash Outfall Feasibility Study for the physical
parameters used for that study.
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______________--=A~ppendixD3
Hydrograph Routing Data

There is only one routing operation for the interior drainage analysis, operation R365. The
geometry is taken directly from the Bullard Wash Outfall Feasibility Study. The length, slope,
and NSTPS values were revised to account for the selected alignment of Bullard Wash. The
results of the routing operation seem reasonable as shown on the following sheet.
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______________--=A~ppendixD4
Reservoir Routing Data

There are no reservoir routing operations for the interior drainage analysis of this study area.



_____________.----:A~ppendixD5
Flow Split and Diversion Data

There are no flow splits or diversions for the interior drainage analysis of this study area

Refer to the Bullard Wash Outfall Feasibility Study (FeD 94-06) for details of the Dysart Drain
diversion.



_____________-:A~ppendixD6
Hydrologic Calculations

This appendix contains the HEC-I output file for the interior drainage analysis of this project.
Refer to the diskette holder for electronic copies of the input and output HEC-l files. This
Appendix also contains hydrologic information documenting the East Tributary Chann~l peak
tlowrate to the Bullard Wash Outfall Channel peak flowrate.

Refer to the Bullard Wash Outfall Feasibility Study (FCD 94-06) for HEC-l output of the
Bullard Wash Outfall Channel. An electronic copy of the HEC-I input and output files for the
Bullard Wash Outfall Channel is included in the diskette folder.
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Wood, Patel & Associates, Inc.

TABLE El.l
Manning's n-vaJues Used for Each Channel Material

Channel Material
Manning's

n-value
Concrete - troweled or float finish
Concrete - heavy broom or raked finish
Concrete - fonn liner finish
Grouted rip rap
Vegetated earth
Gabion basket or mattress

0.015
0.019
0.024
0.038
0.032
0.030

References: Flood Control District of Maricopa County, Drainage Design Manual- Volume II, Hydraulics, January 1996
Chow, Yen Te, Open-Channel Hydraulics, 1959

TABLE El.2
Summary of Manning's n-values Used for Bullard Wash

Assigned Manning's n-values
I D · tiCh

To
Stati

From
Station on anne escnpl on I e anne 12. t Ide

18+00.00 25+00.00 Reach not modeled (earthen seetion graded into Gila river) -- -- --
Trap. channel, gabion mattress sides, vegetated earthen

25+00.00 28+60.56 bottom. 0.030 0.032 0.030
Box culvert outlet apron, concrete sides (float finish) and

28+60.56 28+77.74 bottom (raked). 0.015 0.019 0.015
Box culverts, 4 - 12'xl0' CBC (eastern box is raked on

28+77.74 29+01.49 bottom). 0.015 0.015 0.015
Trap. channel, grouted rip rap sides and bottom (dSO =15

29+01.49 29+95.26 inches). 0.038 0.038 0.038
Reel. to trap. channel transition, concrete sides (form liner

29+95.26 30+02.33 finish), bottom (raked finish). 0.024 0.019 0.024
Reel. overchute, concrete sides (form liner finish) and bottom

30+02.33 30+64.67 (raked). 0.024 0.019 0.024
Trap. channel, concrete Sides (float finish) and bottom (raked

30+64.67 33+30.00 finish). 0.015 0.019 0.015
Trap. channel, gabion mattress sides, vegetated earthen

33+30.00 72+47.00 bottom. 0.030 0.032 0.030
Trap. channel, concrete Sides (float finish) and bottom (raked

72+47.00 77+00.00 finish). 0.015 0.019 0.015
Trap. channel, grouted rip rap sides and bottom (dSO =15

77+00.00 81+00.00 inches). 0.038 0.038 0.038
Trap. channel, gabion mattress sides, vegetated earthen

81+00.00 119+43.00 bottom, concrete trapezoidal low flow channel (n =0.015). 0.030 0.032 0.030
Channel inlet area, gabion basket sides and bottom apron

119+43.00 121+98.00 (n-value in overbanks =0.045). 0.030 0.030 0.030
Channel inlet area, gabion basket sides, concrete channel @

121+98.00 122+00.00 top of drop (n-value in overbanks =0.045). 0.030 0.015 0.030
Channel inlet area, vegetated earthen overbanks, concrete

122+00.00 123+45.00 channel (n-value in overbanks =0.045). 0.032 0.015 0.032
Channel inlet area, vegetated earthen channel (n-value in

123+45.00 124+45.00 overbanks =0.045). 0.032 0.032 0.032
Channel inlet area, vegetated earthen channel, undisturbed

i 124+45.00 131+20.00 overbanks per WLB Study. 0.045 0.032 0.070

131+20.00 137+00.00 Bullard Wash, geometry per WLB Study. 0.045 0.032 0.070

rtle =W:\96464-BuJl\Sprdshts\Maning-n.wb2
Print Date =24-Sep-98; @ 10:30

APPENDIXEl
BULLARD WASH OUTFALL CHANNEL
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Cross Section Plots
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Expansion and Contraction Coefficients



Wood, Patel & Associates, Inc.

TABLEE3
Summary of Expansion and Contraction Coefficients

Assigned coefficients
C EIDCh

To
S .

From
S .tauon tatton anne escnptlon ontractIon xpanSlon

25+00.00 28+60.56 Gradual transitions, box cuIvert outlet to Gila River 0.1 0.3
28+60.56 29+ II.DO 4 barrel Box Culvert under BID bypass road 0.3 0.5
29+ 11.00 29+95.26 Gradual transitions, sloping drop structure 0.1 0.3
29+95.26 30+02.33 Expansion / transition from BID overchute to sloping drop 0.3 0.5
30+02.33 30+64.67 Gradual transitions, BID Overchute 0.1 0.3
30+64.67 30+88.94 Contraction / transition from trap channel to BID overchute 0.3 0.5
30+88.94 72+47.00 Gradual transitions, MC 85 Bridge to Overchute transition 0.1 0.3
72+47.00 72+80.00 Expansion / transition DIS of MC 85 bridge 0.3 0.5
72+80.00 80+80.DO Gradual transitions, sloping drop structure & bridges 0.1 0.3
80+80.00 81+00.00 Contraction I transition U/S of sloping drop structure 0.3 0.5
81+00.00 119+32.00 Gradual transitions, Lower Buckeye Rd to UIS of bridges 0.1 0.3
119+32.00 126+40.()() Channel inlet area to Lower Buckeye Road 0.3 0.5
126+40.DO 137+00.00 Gradual transitions, DIS of inlet area 0.1 0.3

References: Aood Control District of Maricopa County, Drainage Design Manual- Volume II, Hydraulics, January 199t
US Anny Corps of Engineers, HEC-2 Water Surface Profiles User's Manual, September 199<

File =W:\96464-Bull\Sprdshts\Maning-n.wb2
Print Date = 24-Sep-98; @ 13:34

APPENDIXE3
BULLARD WASH OUTFALL CHANNEL



______________~A~p.pendixE4
Analysis of Structures

There are not any separate hydraulic modeling of structures within this study reach. Refer to
Appendix E5 for HEC-RAS analysis of structures.
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3 SPAN 34' X 30' DEEP
DOUBLE BOX GIRDER B.D.

I'

EST, WT" OF CONC. BOX GIRDER
lit. B-H ' 18 SOD LBS 'IS. I IONSI

I I

I I

.. RAIlROAD
UN10N

PAClF!SICE OF CHIEFIlIUV ENGINEER DESI""

SP ROUTE SYIIlOL R

GENERAL ARRANGEMENT a
BILL OF UATERIAL

WORk 0R0l I 19164
Eoo;II JOB NOt oal

1,«_'-'
BRIOCE 881.14 GILA I PHEONIXI SUII.

2. 0 ~ILES lIESI Of LITCHfiELD, AI.

, I

NO. DATE REVISION'S

SECTION DESIGNATION

LElTER SERIES~

SHEET NO. CUT ON ~ •.',-- SHEET NO. SIIOIIN ON

OESCRIPI ION IIIIIIl \lEi Ol). ORDERED BY
BILL OF MATERIAL

5i ~~ET NO_~____ OESCRIPTION
'" I , GENERAL ARRANCEllENI S BILL OF ~TERIAL

§ --i---iimCElLANEOuS sEcriOii..;ornIL:; aliiPofiUlL PROFILE

i JO"X}J··IIY;· PRESTRESSED CONCREIE BOX CIROER Ill. BJ4, TYPE I WI ~'~1I-0'" I MANACER
l---t-- I CURB••ITH 65 VI" OIA. 210 lSI STRANDS I REF. 31 41 ! SIRUCIlJlAI

~I'.0"kJ'-6"X16·.0"-PRECA:;1 CONCRETE PILE CAP I REF, 51 .-- SII'0415' PROJECTI--- -- ._.... _..J I
6'XI··IO'X 6'-6' PRECAST CONCRETE BACKALL PLANk IREF. 61 I SII-0206 I I

1---:--r-~EA;-.-+-76~"X:.:,-·-...:4::--k..:..,.ll::-·.0' PRECASI CONCRETE BACKALL PLANK IREF. 6) ----t5il-02~',
4 EA. 16"XI··4"X 16'-0' PRECAST CONCRETE BACKALl PLANk IREF. 61 _P~204 I

1--...:26~+~EA.~I~NPI4Xa9140·-0" SIEEL PILING (PLAIN, REF. I 1 11 ~556
PILING 11 EA. I PILE SPLICER fOR NP14X89 STEEl PILE. PER DETAIL SHEET NO. I I SIt>-8~'i

4 EA.' CIXII.5k'I'-O; )WAY BRACE IAJ6. PLAINI t'41' 6361 1 I'

4 EA. CIOXIS.lln·-6" CIIOSS BRACE I A'S, PLAINI 141'6649 j
24 EA. HlJ()AAlL POSTi&.-HP-9 ICALY.. PER DETAIL. PH. 81 .~-t 511=20,0 I
2 EA. I HAJ()AAII ?OSI-....-HP-IOL IC.LY.. PER DETAIL. REF. II .L S11-l040 ,

EA. I HAJ()AAIL POST Ill. I'P'IOR I CALY•• PER OEIAIL. REf. 11 I~ ,
1 EA. BRACE Ill. P&-3 IGAlY•• PER DETAIL, REF. 101 ! 51l-06OD
2 EA. I BRACE Ill. PIl-4 (CALY•• PER DETAIL, REF. 101 I 111-0610

2 EA., BRACE Ilk: &-1 I CALY•• PEP DETAIL, REF. " I S13-0540
'" 1 EA. BRACE lit. S:s I CALY•• PER DETAIL. REF. 91 • :_~
~~ , I EA. Ii4=oii~ A31S HvY. HEX aOL T; TYPE 1 WI NYY. HEX IfJT I A56J, --1' SI3'1I68
:: ,~.i~~~~A~~~~ ~~m-oAR WASH£R I F4161, EACH CCU'ONENI HOI OIP i

-4--__-1

,
_ so .¥e' 01A. I II' AJal NVY. HEX CRADE A BOLT, 'f HVY. NEX ELASTIC 1134'6S8S
~ . LOCklfJ1 IWII-N-1502ll a FLAI CIRCULAR lASHER I F4J61, EA. C()IjPQNENT
l!I HIlI OIP DR llECNANICAlLY 21NC COAlED
a: S 'I·EA. ¥e' OIA. I a"' AIOT HYY. HEI CR"ADE='=-'A=-=B'::OLc;T;-.-:.",/-:HV=Y•.....",NE"'I:-["'L-:AOS'T"'I'O"C-:L'O"OC=kMJi· , IJHS51
:l! .IWIL-N-1S0211 a FLAT CIRCULAR 'A5H£P (F4161. EA. C_Nl H010lr I ~

I; __........~~LLY ZINC~O_AIEO L __
. .J 5 : EA. I~" 01A. X 9' AJOT Hn. HEk CR.DE A BOLT• • 1 HVY. HEI ELASTIC IOCkNJ! ! 134·6554
'::: ! 11~II'~250111 a FLAl CIRCULAR IASNER IF J 361, EA. C_NI HOT OIP I ~I:;:. .OR llECHANIClLLY llNC COATED .
. c.l 424 U1UI. ~,'tOIINAL ol~iERiiiRERDPE-;-I .IRE, CAlV. STm STRANO, SiEllENS"--'''050:5194
I~ ~RTlNS CRADE. A-COATING 14· 106' LENeINS) 1

I'" 10 I CALY. ~LLEABLE IRoii~-, ELASTIC LOCkllJTS (1IIL·~150211. ~'O~~JlO-j

I -.-+ EA. ; ~~~Yr~::~~NF~H~:YYO~I~I:~L:~~ARBON ~TEEL .IRE ROPE IHI..eLE '-~'05o~'82ij
-l. ;I ZINC PLAl<OI FDR lll' OIA~. !.'~~.~~ . -1--_._--..-

'I EA. '~1' 01A. nEBOl!, ::- IONC ,HANK .ITH ," 1.0. HE. PLAIN PAliE~N, I IJO-ol70 1
; CALY., DROP FOPCED STEEL 11489', .ITH llNC PLATED HEX NUT I A56Jl 3 '

-r_~_~~~~~.!.!'~Ul,~R 'ASH~_f 4~!..____ .. L. _
IS EA.: STEEL lEE Ill. l-I • CALY., PER OETAIL, REF. 101 AST~ AS09 : SIl-b~

8 -+- EA. -lYl"X4"X]:.:!~E£~~~~~RINC ?AOI~"OURDU<TERI ~-:....:-j3Ia~J~~ 1
12 _~_lJl'la'X6'-8' .EL..~S~MR~B!.ARINC PAD 1_~_~~;[R1 . .. .~!.~3~~

1 ! EA. ! BRIDGE ~RkER PER ENGIHEERING STANOAIIOS ORAWING HO. O5OT SIl'095~ I

STEEL
BRACING

DRAWING SCHEDULE

Field verify all ljlmenslon5, stations <n:J elevations
prior to st<rt of con:itrlJct ion..

for Infonnotloo on, end rOlocatlon of, fiber aptl<
c«X)le call I-SQO-336-jIQ3.

PILE DRIVING:
All OOICered oliO shol I be ct'lv"" To '20 too COOOClh.
If.any numer-ed plio ccrnot be ct'lven to this COOOClty
tno Off leo Of CIllef Engl""..- Struet...es IIUSt be notlll-!'\.

This struetlre was de-:.ilJV!d for Coooer no live
load wi ttl 30· bQllOSt ood irrooct..

o.sl.", Pile LQOd: Eno B""t , 11 Ton
Interior 3ent , 120 Ton

FIELD WELDINC:
loldlno IIUst be occartlllstllld .ltn "'" ~. Process.
leldlno nust be In corrollcnce .ltn the reau1r......ts
5/lOClfilld In AWS 01.5-91. e,ceot ~In. tlllo' .. ICIs
moy be mode with a SlnQle DOSS.
'.ldIOQ electrodes II\Jst D£ nOll.
leider'S II\Jst pOssess valid certifIcation..

EST. IT. ·)F PllINC , n. ~"O LB.
EST. IT, vF MISC. SIEEl lNOT INCL. BOLl:; CLIPS 8 .IRE ROPEI , 1,4ao LB.
EST. II. ]F CIIOSS B S.AY BAA~INe' 1,415 La.

DESIGN NOT::S

SITE LAYOUT INFORIolHION:
Rail raise: No Cf'\CI\Qe In mainline BI.votlon.

Trod< AII~t: Field v..-Ify Drlor to stcrt of construcflon

Elevations token frOM «ow Inos Titled 'BULLARD
lASH CHANNEL, FINAL: OESIC,," os oreccrlld
by SVer"OflJP Corporat Ill" 2- 5- 98.

Roll stotlonln(l based on stotlonll'lQ of the west bock.c.ll
of BrIClQe no. 881. J9 os Shown on tno lJ'RR RI~t-OI-",)
An<Ilroek lIap. 1St", IC2S-H.61

RIl1'lt Of loy: 100· R:f-l~t ot trock center-line
100' lc-·t of trock center-line

CONSTRUCTION NOTES

J
t

HANDR.IL POST
lit. NP-IDR

BRACE lit. PIl-J

TO L1TCHFIELO JCT.
e PICACHO •

I II~TABLE EASTl

NAJ()AAIL POST j
lit. HP-IOL -.-J

I- ~.
'-BRACE lit. P&-4

STA.. I0i:6. U .. 71,
. : I"

PRECASI CONCRETE
Pl""K BACUAlL

/"BRm Ill. P&-4

1-/

~ BENT '4

r£ :~~::~L x~~~~~

j
CUI IN FIELD FR~M+-'-'- '--r'-'- 40'-0" LENCTHS

SIA. 1016-90.63

I
!

JJ'-II~'

Jl"SVz'

SlA. 1016-8S.1] INIIOE F~
OF PROPOS EO BACKIAlL-- I

..._-------...;'

CHANNEL EXCAYA liON e
PAVINC BY OIHERS

STA. 1021-13. II

...
~

~ BENI oJ

t(-
£ BENT 'J

ELEY. 921. 70

•II

9a'- I I'

PLAN

'--...-_0··

SCAlE: Va': 1'-0'

.-PROPOSEO CROlJroLINE
/ CHANNEL INYERT , 912. 7J

'- JO' PS CONC.
BOX CIROER ( TYP. I

ELEVATION
SCALl: V8': 1'·0'

80' BOTT~ .IDIN

I.

£ BENT 0,
ELEY. 921. TO

SIA. '02i-ST•• 1

-JI'._'-'-'---"-'-'- _._._.- ...

"I

C8.II. S
SWAt IlIlACING I TYP. 1-.

CIO,'5. J
CRCSS BRACING (TYP. I .....

o

-lJt -'-'1 ~

________ \{ -' ~L-- ~_ ~I_

;",- ... - - .- -.... - .tJ..!'. -.- .-t ~

£ BENT 04 ~
ELE~. "I, iO I

I I

~_ L_._I
~. BAlk.ALL PILE

PILE CUIOfF ELEY. S25,I6

PILE LAYOUT
SCALE: Va"' 1'-0'

1.1 PiLE CUIOFF ELEYATIONI

. -- ,- -
'-··SAfTER clIE

2: IZ

I ~
1I ~ BENT 81

~_._--------

; PROPOSED CNANNEL : .
I MIDPOINT OF BRIOCE: STA. 1021- JS. 401

~ : i~~~~~~ ~~~~E:I~~ ~~E~:ELO

_____'Y__-:-:-:-=-:IO""'_-'..!!'z:-..OUT 10 OUT OF JO' BOX CIRDERS

JJ.• II.!t ~ 33'-111'2' -1t:!t

FBRACE Ill. &-9 I ;r:::~~~~ rm., .

~ BENI 0 I

~2_
I

I

-.~
. £ BENT 0'
I ELEY. q',.IO

f4
~ B."'ALL PILE

PILE CUIOFF EUY. 915•• 6

ST.l 102/-90. SI

.---.-..;-------1:;.-7"--"'-.

QOggQ
.11-:®=-34----­

BOettl

PILE CUTOFF

TO BUCkEYE i__mc...!.Q£T:SI. OS lli.SjDj ng.
: OF PROPOSED BACkWALL

I

r
----.--------------..:.I:OI.-IWI' FACE TO FACE OF BACUALLS

HANDRAIL POSI ,-NANIlRAIL POST
Ill. HP·'OR-, ! .~ACE Ill. 11-8 Ill. Hl'-9 I TYP.I IlIlACl Ill. &-S-, /-:::~:::~~OrOST
PPOP. B/~EXIST •.'y_,~_j_.,.---T----T--_,----_,---+----T--~r---_,r--T----T'---,-,--::r-(
aIR , 92S. 7-.

rtf
:,TEE Ill. T-I
: CUT TO FIT IN FIELO, : •@, '".."""" @ @I

-...;;::;;;;;+®":~B==J4:----------....;;;;;;;;;.~®~BJ!!"'4-------- . - f ..-

1 I [HI EI ~ tI
BAACE Ill. pg- i -::u~.:-~.~.-~-~-.~.~-.~-~.~.~.-~-~-.~-~-.~..~.~.-~.~-.~-~--~..~.~-.~.~-.~.~.~~~~~.~-.~.~..~.~..~.~..~.~--~.~..~..~.~..~.~--~.~.·~·~--~-~--~·3~-~·-~·~· .§-~..~.~-.~.~§§~~~~~~~~~:""-~ BRACE Ill. PIl- J

HAJ()AAIL POSI //r \~BRACE Ill. &-8 BAACE Ill. &-,~f

Ill. ~-IDR'-- " ~ L ~\1 ~IC
BAACE Ill. PB-4-~ -V ~
PIlECAST COIlCR£!E .'
PlANk BACkWALl~L

BRACE Ill. PB- 3

BRACE Ill. P&- 4 "

IUNORAIL POST t:-.
Ill. HP-IOL--.".

"

PRECAST CONCRETE
PLANk BACkWALL-../

HP14,8S PILINC I TYP. I·

e .ELLION
I rl~ETABLE 'ESTl

£ TRACKS BRIOCE
ALI~NT: TANCE'/TJ_

fJ-i1
II

" HP14>a9 PILINC STA. 1017'89.59 Jl'.5rJ'
SEE .,LE ORIYINC OIACRW 1-------.-----.---
SHE£! 2 IREF I e 21-- . ,-BATTER PILE-'$ __ .._. _. _Ll:ll . _._._. _pl.

£ TRACK 8 BRIOCE
AlICNIoIENT: IANGENI "

~

6

r

10

12

"

..,

1
I
,

..,

,
.1



3 PILE DRIVING DIAGRAM
BENTS u I THRU =4

NO ICAlE

, BRIoCE

PROPOSED I~~ "-6Y.· I
BAlE Of RAIL":""" __ , I ,

,z~ ~2,; J
-:'1
'--I

PILE CUTOFF _1-"------ _--1.
ElEVAl 'ON -.- I

..1_~S'-'---'-9'_~~

, PILE ( TYP, I

~~~'-UPPER .... ,"B9
, STEEL PIU

,o.;.;.:.e---",'1I _ --~PIlE SPLICE

PILE SPLICE DETAIL
SCALE: 16' , "'0'

PILE SPLICINC:
PilE IPLICE FOR HPt4XI9 INSULlAlION INITRUCTIONS:

,. NOTCH THE ENIl or uPPER 1EI11:TH OF ~PILE
, TO ACCaA:lOATE THE sPACER BAR.,

2. FIT IPLI CE OVER HOTCN£o Pl() OF Ll'PER
H-PllE. AND wno IN PLACE.

J. PLACE IHE uPPER ;ECIIOII IHTO POSI liON
ON 'HE LOWER SECTiON.

~, TO CCU'lETE THE SPLICE. I£LO SPLICE TO
lOWER l+-PllE ANO ll£Lo Fllt.CEI AI IHo.".

/ ,

NOICH SIEEL PIU
'N fiELD TO FII
seLiC[ SPACER

-- PROPOSED CRAoE LINE

/~- 3 -'2' '0' PRECAST BACKWlll
PLANKS PER lAYER ITYP. I

2
;;;::l,

___ B'-6' PRECASI BACKWAll
PLANIl , TYP. I

~ Z -'6'-0' PRECAST BACKWlLl
_--' PLANKI

/- AFTER SET! INC BACKWALL PLANK
/ IN PLACE, fiElD oR'll ,. HOLE IN

./ BACKUll PLANK AND WINC PILE.
/ INSULl ~. 01A. x 9' A301 BOLT

./ .,.ASHER 8 lOCKhlJl 'IYP. I

/
/

'-.....,
._' HPI~d9 .20'-0" 'CUT FROIl

'0'-0' lENGTHS IN rlElOI

i
i

------~

,~HANORAll PoSI Uo<, HP-'Ofl

15'-0"

~BRACE ".P8oJ
lOCUE AS SHOWN

BRACE IlK. P80 ~

lOCUE AS SHOWN -I

HPI~xB9 PILING
ITYP••

______-'-',B'-O·

15'-0"

IB' -0"

HANDHAll POST
.... HP-'OL-

-'-BRACE ... PB-~
loCUE AS SHOWN /

i

~~~~£~5P~~ J

:".,

1--------

~ TRACK 8 BRIDCE
. 6'-'~' Ir---'-TYP.I----
I ..- EHO OF B'-6'
.. BACkWAll PL ANIl

!- 30" PRES IRESSEo

1IY1·.I' ~lIlf~~~ER
,/I ~ PROPOSED_!..~.t. / BASE or RAIL

r:;:;;-=t:1 :=::-:====:::J:d=I-l-i;;ol'"""""""~~~~~~

PilE CUIOrF
FOR .,NG PilES
= PROPOSED BIR --.

I•

r--.

SECTION A

MISCELLANEOUS
SECTIONS AND DETAILS

I

I I

3 SPAN 34' x 30· DEEP
DOUBLE BOX GIRDER B.D.

I I

SP ROUTE I YIIIlOl R

1& =~f}~:~E::"J~:~
;jDGE BBT. 3~ CILA 'PHEDNI', sue.

2.0 IIllES ll£ST OF II TCHF IELo. AI.

WORI ORDE~I 2tt2'.
ENGA JOB NOs 001

I I

NO. DATE R[YISIOHS

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

·-HAllORAll PD:'T lAK. HP-IOL
llAK. HP,'oR OTHER SIOEI

-- FIELD DRILL '1'1' 01A. HOLE IN
HANDRAIL PDIT \I(.HP-~ AND INSULL
BRACE 11TH 14' DIA. x I~' A325 BOll
./hlJT 8 WAIHER

- PRECAST PILE CAP

\- PLANK SEAl I SEE
"- DETAil. THIS SHEETI

~HPI~xB9 PILINe

\
\
\

\
'-HPI~xn P:lE \ -HPI~xB'X1'-6"

\. fABRICAlE IN r IElo rROIl
PILE CUTOFF I HPI~.B9 xl'-,O',
REOUIRED AT PilEI IDR
AllUTIlENI PilE CAP ONLY.

SE~~~O==N=(f\~EI"1
NO StALE qJV

~
s REOUIRED TO ALIGN

fACE or CUTorr 11TH
BACK FACE Of PilE CAP

6Y2'

*~") ~.-

NO SCALE
SECTION

BRACE 11K. 809
'BRACE ". B-!
OTHER SIOE.-, ._\

;'2·XO"',l( 0··0· Ll.lSiVWEnlC uEMiMi rAG

2'-~"+
17 TYPa) ~

PAVED CHANNEL
I BY OTHER,,-----....

'-',-f------------------.....,,:;-,-.---rr· -, ..
....L- ~" DIA. X 8- UOI

BOLT '" H WASHER &
lOCKNUI

.l<'~__ W CUSSET t
I FABRICATE IN rlELO
FROII PILE CUTOff,

II

IIII

PLANK SEAT DETAIL
NO SCAlE

1....1 ......--
"" ~!! !! '--7~::--~B-
~ '-HPlbB9x "-ID"

, "---HPI~xB9 PILE
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_______________~AppendixE5
Hydraulic Calculations for Bullard Wash Outfall Channel

This appendix contains HEC-RAS output tables and water surface profile plots for the mixed
flow analysis of this study reach. Refer to the diskette holder for an electronic copy of the HEC­
RAS model.

This appendix also contains:
• Freeboard considerations
• Hydraulic jump calculations
• Drop inlet weir flow calculations for the channel inlet area north of Lower

Buckeye Road.



Wood, Patel & Associates, Inc.

Profile Output Table - Standard Table I

TABLE E5.1
HEC·RAS Output for Bullard Wash Outfall Channel Improvements

Final Hydraulic ProfIle (lOO-yr Q) for sub & supercritical flow conditions
Bullard Wash from Gila River to Lower Buckeye Road

HEC-RAS Plan: Final(9/98) River: Bullard Wash Reach: Outfall Channel Run Dale: 24-Sep-9~

Reach River'Sta QTotal Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi
(fUsee) (fl) (fl) (ft) (ft) (ftlft) (fUsee) (Sq ft) (ft)

Outfall Channel 2500.00 3200.00 900.69 906.58 904.30 907.20 0.002001 6.33 505.71 91.78 0.48 a

Outfall Channel 2660.00 3200.00 901.02 906.90 904.63 907.52 0.002012 6.34 504.81 91.76 0.48

Outfall Channel 2860.56 3200.00 901. 42 907.30 905.03 907.92 0.002008 6.33 505.14 91.76 0.48

Outfall Channel 2877.74 3200.00 901.45 906.45 906.38 908.87 0.003534 12.49 256.13 51.29 0.99

Outfall Channel 2901.4 Culvert

Outfall Channel 2901.49 3200.00 901. 50 909.45 906.43 910.41 0.000565 7.85 407.69 51.34 0.49

Outfall Channel 2911.00 3200.00 901.97 909.93 906.59 910.52 0.002140 6.19 517.19 76.95 0.42

Outfall Channel 2995.26 3200.00 906.15 909.69 910.46 912.71 0.027315 13.95 229.31 70.12 1. 36

Outfall Channel 3002.33 3200.00 906.48 910.82 910.82 913.01 0.004132 11. 87 269.55 62.12 1. 00

Outfall Channel 3049.67 3200.00 906.56 911.59 910.90 913.22 0.002630 10.26 311.95 62.14 0.81

Outfall Channel 3064.67 3200.00 906.58 911.65 910.92 913.25 0.002564 10.17 314.59 62.14 0.80

Outfall Channel 3088.94 3200.00 906.62 912.81 910.65 913.55 0.000767 6.88 464.86 82.29 0.51

Outfall Channel 3141.00 3200.00 906.70 912.84 910.74 913.59 0.000800 6.98 458.73 82.15 0.52

Outfall Channel 3266.00 3200.00 906.90 912.92 910.94 913.71 0.000857 7.13 448.90 81.90 0.54

Outfall Channel 3330.00 3200.00 907.00 913.25 910.70 913.78 0.000544 5.84 547.68 98.51 0.44

Outfall Channel 3372.00 3200.00 907.06 913.35 910.61 913.82 0.001435 5.49 582.76 105.31 0.41

Outfall Channel 3562.61* 3200.00 907.34 913.62 910.89 914.09 0.001440 5.50 582.08 105.28 0.41

Outfall Channel 3753.23* 3200.00 907.62 913.90 911.17 914.37 0.001444 5.50 581.51 105.26 0.41

Outfall Channel 3943.84* 3200.00 907.89 914.17 911.45 914.64 0.001441 5.50 581.89 105.23 0.41

Outfall Channel 4134.46* 3200.00 908.17 914.45 911.72 914.92 0.001445 5.50 581.33 105.21 0.41

Outfall Channel 4325.07· 3200.00 908.45 914.72 912.00 915.19 0.001449 5.51 580.85 105.19 0.41

Outfall Channel 4515.69· 3200.00 908.73 915.00 912.28 915.47 0.001452 5.51 580.45 105.18 0.41

Outfall Channel 4706.30* 3200.00 909.00 915.28 912.56 915.75 0.001447 5.51 580.99 105.15 0.41

Outfall Channel 4896.92· 3200.00 909.28 915.55 912.83 916.02 0.001450 5.51 580.55 105.14 0.41

Outfall Channel 5087.53* 3200.00 909.56 915.83 913.11 916.30 0.001453 5.52 580.18 105.12 0.41

Outfall Channel 5278.15' 3200.00 909.84 916.11 913.39 916.58 0.001456 5.52 579.87 105.11 0.41

Outfall Channel 5468.76* 3200.00 910.11 916.38 913.67 916.85 0.001450 5.51 580.48 105.09 0.41

Outfall Channel 5659.38' 3200.00 910.39 916.66 913.95 917.13 0.001453 5.52 580.11 105.08 0.41

Outfall Channel 5850.00 3200.00 910.67 916.94 914.23 917.41 0.001456 5.52 579.79 105.06 0.41

Outfall Channel 5900.00 3200.00 910.74 917.01 914.30 917.48 0.001453 5.52 580.08 105.07 0.41

File =W:\96464-Bull\HEC2\CLOMR\HRasDala.wb2
Print Dale =07-0cl-98; @ 13:58 Page I of 4
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Wood, Patel & Associates, Inc.

Profile Output Table - Standard Table 1

TABLE E5.1
HEC-RAS Output for Bullard Wash Outfall Channel Improvements

Final Hydraulic Profile (lOO-yr Q) for sub & supercritical flow conditions
Bullard Wash from Gila River to Lower Buckeye Road

HEC-RAS Plan: Final(9/98) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Sep-9g
Reach RiverSta QTotal MinChEI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude# Chi

(ft/sec) (ft) (ft) (ft) (ft) (ftlft) (ft/sec) (SQ ft) (ft)

Outfall Channel 6020.00 3200.00 910.92 917 .18 914.48 917.66 0.001458 5.52 579.49 105.05 0.41

Outfall Channel 6220.00 3200.00 911.21 917.47 914.77 917.95 0.001457 5.52 579.65 105.06 0.41

Outfall Channel 6322.00 3200.00 911.36 917.62 914.92 918.10 0.001464 5.53 578.67 105.02 0.42

Outfall Channel 6400.00 3200.00 911.45 917.74 915.00 918.21 0.001434 5.49 582.59 105.17 0.41

Outfall Channel 6510.* 3200.00 911.58 917.90 915.14 918.37 0.001409 5.46 585.99 105.30 0.41

Outfall Channel 6620.00 3200.00 911.70 918.07 915.26 918.52 0.001378 5.42 590.28 105.46 0.40

Outfall Channel 6776.75* 3200.00 911. 88 918.29 915.44 918.74 0.001348 5.38 594.59 105.63 0.40

Outfall Channel 6933.5* 3200.00 912.05 918.50 915.61 918.95 0.001314 5.34 599.54 105.81 0.40

Outfall Channel 7090.25* 3200.00 912.23 918.71 915.79 919.15 0.001295 5.31 602.52 105.93 0.39

Outfall Channel 7247.00 3200.00 912.40 918.92 915.96 919.35 0.001269 5.28 606.45 106.07 0.39

Outfall Channel 7280.00 3200.00 912.34 918.90 916.10 919.42 0.000506 5.79 552.83 92.80 0.42

Outfall Channel 7300.00 3200.00 912.36 918.91 916.13 919.43 0.000508 5.79 552.23 92.87 0.42

Outfall Channel 7357 Bridge

Outfall Channel 7417.00 3200.00 912.49 919.26 916.26 919.75 0.000452 5.59 572.76 93.23 0.40

Outfall Channel 7440.00 3200.00 912.51 919.27 916.27 919.76 0.000454 5.60 571. 91 93.22 0.40

Outfall Channel 7500.00 3200.00 912.58 919.30 916.35 919.79 0.000465 5.64 567.47 93.13 0.40

Outfall Channel 7523.00 3200.00 911.82 919.34 916.19 919.80 0.000427 5.49 583.30 93.14 0.39

Outfall Channel 7533 Bridge

Outfall Channel 7543.00 3200.00 911.84 919.43 916.22 919.89 0.000410 5.42 590.61 93.30 0.38

Outfall Channel 7558.00 3200.00 912.65 919.42 916.43 919.91 0.000453 5.59 572.39 93.23 0.40

Outfall Channel 7605.00 3200.00 912.70 919.44 916.44 919.93 0.000454 5.59 572.13 93.11 0.40

Outfall Channel 7700.00 3200.00 912.81 919.47 916.58 919.98 0.000477 5.69 565.67 106.75 0.41

Outfall Channel 7744.00 3200.00 914.81 917.48 918.40 920.70 0.039657 14.39 222.35 86.61 1. 58

Outfall Channel 7771.64 3200.00 916.00 918.71 919.58 921.77 0.037273 14.05 227.82 88.13 1. 54

Outfall Channel 7925.82* 3200.00 922.67 925.06 926.25 929.04 0.056647 16.01 199.91 87.18 1. 86

Outfall Channel 8080.00 3200.00 929.34 932.41 932.92 934.77 0.024601 12.33 259.54 89.20 1.27

Outfall Channel 8100.00 3200.00 930.20 933.73 933.73 935.35 0.014641 10.20 313.66 97.66 1. 00

Outfall Channel 8210.00 3200.00 929.33 935.30 933.80 936.03 0.002797 6.88 464.86 104.83 0.58

Outfall Channel 8348.* 3200.00 929.50 935.74 933.95 936.39 0.002329 6.48 493.77 106.20 0.53

Outfall Channel 8486.* 3200.00 929.66 936.10 934.12 936.70 0.002049 6.21 515.06 107.19 0.50
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•
Wood, Patel & Associates, Inc.

Profile Output Table - Standard Table I

•
TABLEE5.1

HEC-RAS Output for Bullard Wash Outfall Channel Improvements
Final Hydraulic Profile (lOO-yr Q) for sub & supercritical flow conditions

Bullard Wash from Gila River to Lower Buckeye Road

•

HEC-RAS Plan: Final(9/98) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Sep-9H
Reach River'Sta QTotal MinChEI W.S. Elev CritW.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi

(fUsee) (ft) (ft) (ft) (ft) (ftlft) (ftlsee) (sq ft) (It)

Outfall Channel 8624.* 3200.00 929.83 936.41 934.29 936.97 0.001882 6.04 529.81 107.88 0.48

Outfall Channel 8762.* 3200.00 929.99 936.69 934.45 937.23 0.001750 5.90 542.77 108.48 0.46

Outfall Channel 8900.00 3200.00 930.16 936.94 934.62 937.46 0.001663 5.80 552.02 108.90 0.45

Outfall Channel 9000.00 3200.00 930.29 937.09 934.77 937.64 0.001710 5.96 537.11 103.19 0.46

Outfall Channel . 9080.00 3200.00 930.38 937.24 934.86 937.78 0.001653 5.89 543.08 103.42 0.45

Outfall Channel 9200.00 3200.00 930.55 937.44 935.03 937.97 0.001621 5.85 546.60 103.56 0.45

Outfall Channel 9372.00 3200.00 930.74 937.77 935.21 938.24 0.001441 5.53 578.90 110.13 0.42

Outfall Channel 9529.* 3200.00 930.93 938.00 935.38 938.47 0.001407 5.48 583.51 110.34 0.42

Outfall ChaIUle1 9686.* 3200.00 931.12 938.22 935.58 938.68 0.001379 5.45 587.44 110.52 0.42

Outfall Channel 9843.* 3200.00 931.31 938.44 935.77 938.90 0.001356 5.42 590.81 110.67 0.41

Outfall Channel 10000.00 3200.00 931.50 938.66 935.96 939.11 0.001337 5.39 593.57 110.80 0.41

Outfall Channel 10100.00 3200.00 931.62 938.77 936.10 939.26 0.001396 5.57 574.10 104.62 0.42

Outfall Channel 10200.00 3200.00 931.74 938.92 936.22 939.39 0.001379 5.55 576.38 104.71 0.42

Outfall Channel 10300.00 3200.00 931.86 939.09 936.33 939.53 0.001283 5.32 601.72 111.16 0.40

Outfall Channel 10430.* 3200.00 932.02 939.26 936.49 939.70 0.001278 5.31 602.47 111.20 0.40

Outfall Channel 10560.* 3200.00 932.17 939.43 936.62 939.86 0.001266 5.29 604.44 111.29 0.40

Outfall Channel 10690.* 3200.00 932.33 939.59 936.79 940.03 0.001263 5.29 604.95 111.31 0.40

Outfall Channel 10820.00 3200.00 932.49 939.76 936.95 940.19 0.001260 5.29 605.42 111.33 0.40

Outfall Channel 11000.00 3200.00 932.71 939.98 937.17 940.42 0.001255 5.28 606.17 111.36 0.40

Outfall Channel 11100.00 3200.00 932.83 940.09 937.31 940.55 0.001318 5.47 585.11 105.04 0.41

Outfall Channel 11200.00 3200.00 932.95 940.22 937.43 940.68 0.001309 5.46 586.48 105.09 0.41

Outfall Channel 11300.00 3200.00 933.07 940.39 937.54 940.81 0.001223 5.23 611.40 111.60 0.39

Outfall Channel 11425.* 3200.00 933.22 940.54 937.69 940.97 0.001221 5.23 611.73 111.61 0.39

Outfall Channel 11550.00 3200.00 933.37 940.70 937.82 941.12 0.001220 5.23 612.02 111.63 0.39

Outfall Channel 11735.00 3200.00 933.60 940.90 938.08 941.36 0.001286 5.43 589.83 105.22 0.40

Outfall Channel 11883.00 3200.00 933.77 941.10 938.25 941.55 0.001271 5.40 592.17 105.31 0.40

Outfall Channel 11932.00 3200.00 933.84 941.16 938.32 941.61 0.001276 5.41 591.35 105.28 0.40

Outfall Channel 11943.00 3200.00 933.85 941.13 938.44 941.67 0.001481 5.89 543.54 92.44 0.43

Outfall Channel 12195.00 3200.00 934.75 936.92 938.76 944.47 0.096977 22.04 145.19 83.52 2.95

Outfall Channel 12198.00 3200.00 939.65 945.82 945.82 946.51 0.004752 7.95 639.60 375.21 0.94
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Wood, Patel & Associates, Inc.

TABLE E5.1
HEC-RAS Output for Bullard Wash Outfall Channel Improvements

Final Hydraulic Profile (lOO-yr Q) for sub & supercritical flow conditions
Bullard Wash from Gila River to Lower Buckeye Road

Profile Output Table - Standard Table I
HEC-RAS Plan: Final(9/98) River: Bullard Wash Reach: OutfaIl Channel Run Date: 24-Sen-9~

Reach River Sta QTotal Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chi
(ft/sec) (ft) (ft) (ft) (ft) (ft/ft) (ft/sec) (Sq ft) (ft)

Outfall Channel 12200.00 3200.00 939.68 946.90 946.05 947.22 0.000625 5.41 1105.85 493.50 0.54

Outfall Channel 12345.00 3200.00 940.96 946.92 946.61 947.43 0.001100 6.87 1038.34 626.70 0.61

Outfall Channel 12445.00 3200.00 941. 85 947.51 946.86 947.68 0.002032 4.15 1222.28 768.39 0.44

Outfall Channel 12640.00 3200.00 942.50 947.85 946.69 947.98 0.001103 3.69 1321.56 839.61 0.34

Outfall Channel 13120.00 4906.00 943.70 948.89 948.87 949.66 0.009993 7.21 784.66 594.41 0.91

Outfall Channel 13700.00 4906.00 948.50 952.80 951.68 952.97 0.003333 6.13 1818.94 873.00 0.58

Notes: * Denotes HEC-RAS Interpolated Cross Section
a) Station 25+00 downstream starting WSEL using slope area method with channel slope =0.002 ftlft is 906.58 ft

lO-yr WSEL in Gila River is 906.3 ft per FEMA study of record by Dames & More.
Slope area with channel slope yields lOO-yr WSEL in Bullard Wash of 906.58 ft @ STA 25+00.

b) Station 122+00 known WSEL is 946.9 based on uneven weir flow ponding elevation for the drop inlet structure
c) Station 137+00 (RM 2.883) upstream starting WSEL is known elevation of 952.8 ft per WLB Study.

b

c

Filt: =W:\96464-Bull\HEC2\CLOMR\lIRasDala.wb2
Prinl Dale =07-0cl-98; @ 13:58 Page 4 of 4
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Bullard Wash Improvements - FINAL CLOMR Submittal 9/24/98
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Bullard Wash Improvements - FINAL CLOMR Submittal 9/24/98
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Wood, Patel & Associates, Inc.

Profile OUlpul Table - Encroachmenl I

TABLE ES.2
HEC-RAS Output for Bullard Wash Outfall Channel Improvements

Bullard Wash from Gila River to Lower Buckeye Road - Floodway Data

HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: OUlfall Channel Run Dale: 24-Scl1-l)l{

Reach River Sta W.S. Elev Prof Delta WS E.G. Elev Top WdthAct Q Left Q Channel Q Right Ene Sta L Ch Sta L ChSta R Ene Sla R
(ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft) (ft) (ft) (fl)

Outfall Channel 2500 906.58 0.00 907.20 91.78 3200.00 9952.00 9952.00 10048.00 10048.00

Outfall Channel 2660 906.90 0.00 907.52 91. 76 3200.00 9952.00 9952.00 10048.00 10048.00

Outfall Channel 2860.56 907.30 0.00 907.92 91.76 3200.00 9952.00 9952.00 10048.00 10048.00

Outfall Channel 2877.74 906.45 0.00 908.87 51. 29 3200.00 9974.30 9974.30 10025.70 10025.70

Outfall Channel 2901. 4 Culvert

Outfall Channel 2901. 49 909.45 0.00 910.41 51. 34 3200.00 9974.30 9974.30 10025.70 10025.70

Outfall Channel 2911 909.93 0.00 910.52 76.95 3200.00 9957.60 9957.60 10042.40 10042.40

Outfall Channel 2995.26 909.68 0.00 912.71 70.11 3200.00 9959.30 9959.30 10040.70 10040.70

Outfall Channel 3002.33 910.82 0.00 913.01 62.12 3200.00 9968.90 9968.90 10031.10 10031.10

Outfall Channel 3049.67 911. 59 0.00 913.22 62.14 3200.00 9968.90 9968.90 10031.10 10031.10

Outfall Channel 3064.67 911.65 0.00 913.25 62.14 3200.00 9968.90 9968.90 10031.10 10031.10

Outfall Channel 3088.94 912.81 0.00 913.55 82.29 3200.00 9956.00 9956.00 10044.00 10044.00

Outfall Channel 3141 912.84 0.00 913.59 82.15 3200.00 9956.00 9956.00 10044.00 10044.00

Outfall Channel 3266 912.92 0.00 913.71 81.90 3200.00 9956.00 9956.00 10044.00 10044.00

Outfall Channel 3330 913.25 0.00 913.78 98.51 3200.00 9945.00 9945.00 10055.00 10055.00

Outfall Channel 3372 913.35 0.00 913.82 105.31 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 3562.61* 913.62 0.00 914.09 105.28 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 3753.23* 913.90 0.00 914.37 105.26 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 3943.84* 914.17 0.00 914.64 105.23 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 4134.46* 914.45 0.00 914.92 105.21 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 4325.07* 914.72 0.00 915.19 105.19 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 4515.69* 915.00 0.00 915.47 105.18 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 4706.30* 915.28 0.00 915.75 105.15 3200.00 9940.00 9940.00 10060.00 10060.00

Outfall Channel 4896.92* 915.55 0.00 916.02 105.14 3200.00 9940.00 9940.00 10060.00 10060 .00

Outfall Channel 5087.53* 915.83 0.00 916.30 105.12 3200.00 9940.00 9940.00 10060.00 10060. 00

Outfall Channel 5278.15* 916.11 0.00 916.58 105.11 3200.00 9940.00 9940.00 10060.00 10060. 00

Outfall Channel 5468.76* 916.38 0.00 916.85 105.09 3200.00 9940.00 9940.00 10060.00 10060. ()O

Outfall Channel 5659.38* 916.66 0.00 917.13 105.08 3200.00 9940.00 9940.00 10060.00 10060. (1)

Outfall Channel 5850 916.94 0.00 917.41 105.06 3200.00 9940.00 9940.00 10060.00 10061l IJIl ..

Outfall Channel 5900 917.01 0.00 917.48 105.07 3200.00 9942.00 9942.00 10058.00 10058 .00

Outfall Channel 6020 917.18 0.00 917.66 105.05 3200.00 9942.00 9942.00 10058.00 1005l:l .lIO

Outfall Channel 6220 917.47 0.00 917.95 105.06 3200.00 9942.00 9942.00 10058.00 10058. 00
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Wood, Patel & Associates, Inc.

Profile Output Table - Encroachment I

TABLEE5.2
HEC-RAS Output for Bullard Wash Outfall Channel Improvements

Bullard Wash from Gila River to Lower Buckeye Road - Floodway Data

-

HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Scp-YX

Reach River Sta W.S. EJev Prof Delta WS E.G. Elev Top WdthAct QLeft Q Channel Q Right Ene Sta L Ch Sta L ChSta R Ene Sta R
(ft) (ft) (ft) (ft) (ds) (ds) (ds) (ft) (ft) (ft) (ft)

Outfall Channel 6322 917.62 0.00 918.10 105.02 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 6400 917.74 0.00 918.21 105.17 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 6510.- 917.90 0.00 918.37 105.30 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 6620 918.07 0.00 918.52 105.46 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 6776.75* 918.29 0.00 918.74 105.63 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 6933:5* 918.50 0.00 918.95 105.81 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 7090.25* 918.71 0.00 919.15 105.93 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 7247 918.92 0.00 919.35 106.07 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 7280 918.90 0.00 919.42 92.80 3200.00 9951.00 9951.00 10049.00 10049.00

Outfall Channel 7300 918.91 0.00 919.43 92.87 3200.00 9951. 00 9951. 00 10049.00 10049.00

Outfall Channel 7357 BR D 918.77 0.00 919.43 84.58 3200.00 9951.00 10049.00

Outfall Channel 7357 BR U 919.04 0.00 919.68 84.78 3200.00 9951. 00 10049.00

Outfall Channel 7417 919.26 0.00 919.75 93.23 3200.00 9951. 00 9951. 00 10049.00 10049.00

Outfall Channel 7440 919.27 0.00 919.76 93.22 3200.00 9951. 00 9951.00 10049.00 10049.00

Outfall Channel 7500 919.30 0.00 919.79 93.13 3200.00 9951.00 9951.00 10049.00 10049.00

Outfall Channel 7523 919.34 0.00 919.80 93.14 3200.00 9951.00 9951. 00 10049.00 10049.00

OUtfall Channel 7533 BR D 919.22 0.00 919.80 85.50 3200.00 9951. 00 10049.00

Outfall Channel 7533 BR U 919.25 0.00 919.83 85.54 3200.00 9951.00 10049.00

Outfall Channel 7543 919.43 0.00 919.89 93.30 3200.00 9951.00 9951.00 10049.00 10049. 00

Outfall Channel 7558 919.42 0.00 919.91 93.23 3200.00 9951.00 9951. 00 10049.00 10049. 00
-

Outfall Channel 7605 919.44 0.00 919.93 93.11 3200.00 9951.00 9951.00 10049.00 10049. Oil

Outfall Channel 7700 919.47 0.00 919.98 106.75 3196.09 3.91 9951. 00 9951. 00 10046.00 10063 .00

Outfall Channel 7744 917.48 0.00 920.70 86.61 3200.00 9951.00 9951.00 10049.00 10063 .00

Outfall Channel 7771.64 918.71 0.00 921. 77 88.13 3200.00 9951.00 9951.00 10049.00 10049. 00

Outfall Channel 7925.82* 925.06 0.00 929.04 87.18 3200.00 9951. 00 9951.00 10049.00 10049. 00

Outfall Channel 8080 932.41 0.00 934.77 89.20 3200.00 9951.00 9951.00 10049.00 10049. IJ(J

Outfall Channel 8100 933.73 0.00 935.35 97.66 3200.00 9942.00 9942.00 10067.00 1006"1 .00

Outfall Channel 8210 935.30 0.00 936.03 104.83 3200.00 9942.00 9942.00 10067.00 10067 .IJO ..

Outfall Channel 8348.* 935.74 0.00 936.39 106.20 3200.00 9942.00 9942.00 10067.00 1006'/ ,un

Outfall Channel 8486.* 936.10 0.00 936.70 107.19 3200.00 9942.00 9942.00 10067.00 10067. Oil

Outfall Channel 8624. * 936.41 0.00 936.97 107.88 3200.00 9942.00 9942.00 10067.00 10067 .00

Outfall Channel 8762.* 936.69 0.00 937.23 108.48 3200.00 9942.00 9942.00 10067.00 10067. 00
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Wood, Patel & Associates, Inc.

Profile Output Table - Encroachment I

TABLEE5.2
HEC-RAS Output for Bullard Wash Outfall Channel Improvements

Bullard Wash from Gila River to Lower Buckeye Road - Floodway Data

HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel Run Dale: 24-Scll-LJX

Reach River Sta W.S. Elev Prof Delta WS E.G. Elev Top Wdth Act QLeft Q Channel Q Right Ene Sta L Ch Sta L ChSta R Ene Sta R
(ft) (ft) (ft) (ft) (cfs) (ds) (ds) (ft) (ft) (ft) (fO

Outfall Channel 8900 936.94 0.00 937.46 108.90 3200.00 9942.00 9942.00 10067.00 10067 00

Outfall Channel 9000 937.09 0.00 937.64 103.19 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 9080 937.24 0.00 937.78 103.42 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 9200 937.44 0.00 937.97 103.56 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 9372 937.77 0.00 938.24 110.13 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 9529.* 938.00 0.00 938.47 110.34 3200.00 9942.00 9942.00 10067.00 10067. 00

Outfall Channel 9686.* 938.22 0.00 938.68 110.52 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 9843.* 938.44 0.00 938.90 110.67 3200.00 9942.00 9942.00 10067.00 10067.00

OUtfall Channel 10000 938.66 0.00 939.11 110.80 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 10100 938.77 0.00 939.26 104.62 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 10200 938.92 0.00 939.39 104.71 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 10300 939.09 0.00 939.53 111.16 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 10430.* 939.26 0.00 939.70 111. 20 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 10560. * 939.43 0.00 939.86 111.29 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 10690.* 939.59 0.00 940.03 111.31 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 10820 939.76 0.00 940.19 111.33 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 11000 939.98 0.00 940.42 111.36 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 11100 940.09 0.00 940.55 105.04 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 11200 940.22 0.00 940.68 105.09 3200.00 9942.00 9942.00 10058.00 10058.00

OUtfall Channel 11300 940.39 0.00 940.81 111.60 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 11425. * 940.54 0.00 940.97 111.61 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 11550 940.70 0.00 941.12 111.63 3200.00 9942.00 9942.00 10067.00 10067.00

Outfall Channel 11735 940.90 0.00 941. 36 105.22 3200.00 9942.00 9942.00 10058.00 10058.00

Outfall Channel 11883 941.10 0.00 941. 55 105.31 3200.00 9942.00 9942.00 10058.00 10058 .00

Outfall Channel 11932 941.16 0.00 941. 61 105.28 3200.00 9942.00 9942.00 10058.00 10058 .00

Outfall Channel 11943 941.13 0.00 941. 67 92.44 3200.00 9951.00 9951.00 10049.00 10049. 00

Outfall Channel 12195 936.92 0.00 944.47 83.52 3200.00 9951.00 9951.00 10049.00 10049. 1)0

Outfall Channel 12198 945.82 0.00 946.51 375.21 2097.39 1102.61 9610.00 9950.00 10080.00 11060. 00

Outfall Channel 12200 947.50 0.60 948.19 130.00 3200.00 9950.00 9950.00 10080.00 10080. 00

Outfall Channel 12345 947.87 0.95 948.37 225.00 136.00 2479.17 584.83 9955.00 9980.00 10060 .00 10180 .00

Outfall Channel 12445 948.30 0.79 948.55 300.00 2389.73 810.27 9950.00 9950.00 10100. 00 102S0. 00

Outfall Channel 12640 948.67 0.82 948.76 415.00 17.91 1444.95 1737.14 9950.00 9970.00 lO080. 00 10365. 00
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Wood, Patel & Associates, Inc.

TABLEE5.2
HEC·RAS Output for Bullard Wash Outfall Channel Improvements

Bullard Wash from Gila River to Lower Buckeye Road - Floodway Data

Profile Output Table - Encroachment I

-

HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel Run Dale: 24-Scp-9X

Reach River Sta W.s. Elev Prof Delta WS E.G. Elev Top WdthAct QLeft Q Channel Q Right Ene Sta L Ch Sta L ChSta R Ene Sta R
(ft) (ft) (ft) (ft) (ds) (ds) (ds) (ft) (ft) (ft) (ft)

Outfall Channel 13120 949.04 0.15 949.79 365.00 30.24 4831. 24 44.52 9950.00 9960.00 10290.00 10315.00

Outfall Channel 13700 953.80 1.00 954.04 350.00 2350.78 799.77 1755.45 9830.00 9985.00 10015.00 10180.00 d

Notes:
a)

• Denotes HEC-RAS Interpolated Cross Section
Station 137+00 (RM 2.883) encroachment elevation is 953.8 ft per WLB Study.
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Wood, Patel & Associates, Inc.

Profile Output Table - Six XS Bridge

TABLEE5.3
HEC-RAS Output for Bridge Crossings

Bullard Wash Outfall Channel from Gila River to Lower Buckeye Road

HEC-RAS Plan: Final(9/98) River: Bullard Wash Reach: Outfall Channel
Reach RiverSta E.G. Elev W.S. Elev Crit W.S. Frctn Loss C & E Loss Top Width Q Left Q Channel Q Right Vel Chnl

(ft) (ft) (ft) (ft) (ft) (ft) (ds) (ds) (ds) (ft/s)
Outfall Channel 7280 919.42 918.9 916.1 0.03 0.04 92.8 3200 5.79

Outfall Channel 7300 919.43 918.91 916.13 0.01 0 92.87 3200 5.79

Outfall Channel 7357 BR 0 919.43 918.77 916.38 84.58 3200 6.55

Outfall Channel 7357 BR U 919.68 919.04 916.51 84.78 3200 6.39

Outfall Channel 7417 919.75 919.26 916.26 93.23 3200 5.59

Outfall Channel 7440 919.76 919.27 916.27 0.01 0 93.22 3200 5.6

Outfall Channel 7500 919.79 919.3 916.35 0.03 0 93.13 3200 5.64

Outfall Channel 7523 919.8 919.34 916.19 0.01 0 93.14 3200 5.49

Outfall Channel 7533 BR 0 919.8 919.22 916.41 85.5 3200 6.1

Outfall Channel 7533 BR U 919.83 919.25 916.45 85.54 3200 6.09

Outfall Channel 7543 919.89 919.43 916.22 93.3 3200 5.42

Outfall Channel 7558 919.91 919.42 916.43 0.01 0.01 93.23 3200 5.59

Profile Output Table - Bridge Only
HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel

Reach River Sta E.G. US. Min EI Prs BROpen PrsOWS QTotai Min Top Rd QWeir Delta EG
(ft) (ft) Area (sq ft) (ft) (ds) (ft) (ds) (ft)

Outfall Channel 7357 919.75 922.06 765.43 3200.00 925.03 0.32

Outfall Channel 7533 919.89 921. 70 740.90 3200.00 924.00 0.09
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Wood, Patel & Associates, Inc.

Profile Output Table - Four XS Culvert

-
TABLE E5.4

HEC-RAS Output for Culvert Crossings
Bullard Wash Outfall Channel from Gila River to Lower Buckeye Road

HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel
Reach River Sta E.G. Elev W.S. Elev Vel. Head Fretn Loss C&ELoss Q Left Q Channel Q Right Top Width

(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (cfs) (ft)

Outfall Channel 2860.56 907.92 907.3 0.62 0.40 0.00 3200 91.76

Outfall Channel 2877.74 908.87 906.45 2.42 0.04 0.90 3200 51.29

Outfall Channel 2901. 4 Culvert

Outfall Channel 2901. 49 910.41 909.45 0.96 3200 51.34

Outfall Channel 2911 910.52 909.93 0.59 0.01 0.11 3200 76.95

Profile Output Table - Culvert Only
HEC-RAS Plan: Final 9/98) River: Bullard Wash Reach: Outfall Channel

Reach River Sta E.G. US. W.S.US E.G.IC E.G.OC Min Top Rd CulvQ QWeir Delta WS Culv Vel In Culv Vel Ou
(ft) (ft) (ft) (ft) (ft) (cfs) (cfs) (ft) (ftls) (ftls)

Outfall Channel 2901. 4 Culvert 1I1 910.41 909.45 909.79 910.41 912.30 3200.00 3.00 11. 99 12.90
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Wood, Patel & Associates, Inc.
TABLES.S

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Warnings and Notes for Plan: Final(9/98)

River: Bullard Wash Reach: Outfall Channel RS: 13700 Profile: PF#1
Warning - The velocity head has changed by rnore than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
Note - The user has entered a known water surface elevation at this cross section.

River: Bullard Wash Reach: Outfall Channel RS: 13120 Profile: PF#1
Warning· The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
River. Bullard Wash Reach: Outfall Channel RS: 12445 Profile: PF#1

Warning - The cross-section end points had to be extended vertically for the computed water surface.
River. Bullard Wash Reach: Outfall Channel RS: 12345 Profile: PF#1

Warning - The cross-section end points had to be extended vertically for the computed water surface.
River: Bullard Wash Reach: Outfall Channel RS: 12200 Profile: PF#1

Warning - The cross-section end points had to be extended vertically for the computed water surface.
Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Note· The user has entered a known water surface elevation at this cross section.

River: Bullard Wash Reach: Outfall Channel RS: 12198 Profile: PF#1
Warning - The energy equation could not be balanced within the specified number of iterations. The program

used critical depth for the water surface and continued on with the calculations.
Warning - Divided flow computed for this cross-section.
Warning - The cross-section end points had to be extended vertically for the computed water surface.
Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
Warning - During the standard step iterations, when the assumed water surface was set equal to critical depth,

the calculated water surface came back below critical depth. This indicates that there is not a valid
subcritical answer. The program defaulted to critical depth.

Note - Multiple critical depths were found at this location. The critical depth with the lowest, valid, water
surface was used.

River: Bullard Wash Reach: Outfall Channel RS: 12195 Profile: PF#1
Warning - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
Note· Program found supercritical flow starting at this cross section.

River. Bullard Wash Reach: Outfall Channel RS: 11943 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.
Note - Hydraulic jump has occurred between this cross section and the previous upstream section.

River: Bullard Wash Reach: Outfall Channel RS: 11932 Profile: PF#1
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Wood, Patel & Associates, Inc.
TABLE 5.5

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Warnings and Notes for Plan: Final(9/98)

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11883 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11735 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11550 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11425.· Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11300 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11200 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11100 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 11000 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10820 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10690.· Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10560.· Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10430.* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10300 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10200 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10100 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 10000 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9843.* Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9686.* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9529.* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9372 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River. Bullard Wash Reach: Outfall Channel RS: 9200 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9080 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 9000 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8900 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8762.* Profile: PF#1
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Wood, Patel & Associates, Inc.
TABLE 5.5

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Wamings and Notes for Plan: Final(9/98)

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8624. * Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8486.* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8348.* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8210 Profile: PF#1

Waming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 8100 Profile: PF#1

Waming - The energy equation could not be balanced within the specified number of iterations. The program
used critical depth for the water surface and continued on with the calculations.

Waming - During the standard step iterations, when the assumed water surface was set equal to critical depth,
the calculated water surface came back below critical depth. This indicates that there is not a valid
subcritical answer. The program defaulted to critical depth.

River: Bullard Wash Reach: Outfall Channel RS: 8080 Profile: PF#1
Waming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Note - Program found supercritical flow starting at this cross section.

River: Bullard Wash Reach: Outfall Channel RS: 7925.82* Profile: PF#1
Waming • The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Waming - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
River: Bullard Wash Reach: Outfall Channel RS: 7771.64 Profile: PF#1

Warning - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Warning - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.
This may indicate the need for additional cross sections.

River: Bullard Wash Reach: Outfall Channel RS: n44 Profile: PF#1
Waming - The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.

This may indicate the need for additional cross sections.
River: Bullard Wash Reach: Outfall Channel RS: noo Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
Note· Hydraulic jump has occurred between this cross section and the previous upstream section.

River: Bullard Wash Reach: Outfall Channel RS: 7605 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 7558 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 7543 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 7533 Profile: PF#1 Upstream
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 7533 Profile: PF#1 Downstream
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Wood, Patel & Associates, Inc.
TABLES.S

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Warnings and Notes for Plan: Final(9/98)

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7523 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7500 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7440 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7417 Profile: PF#1

Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7357 Profile: PF#1 Upstream

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7357 Profile: PF#1 Downstream

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7300 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7280 Profile: PF#1

Warning - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7247 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 7090.25- Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6933.5* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6n6.75* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6620 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6510.* Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6400 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6322 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6220 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 6020 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5900 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5850 Profile: PF#1

Note· Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5659.38* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5468.76* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5278.15* Profile: PF#1
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Wood, Patel & Associates, Inc.
TABLES.S

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Warnings and Notes for Plan: Final(9/98)

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 5087.53* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 4896.92* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 4706.30* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 4515.69* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 4325.07* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 4134.46* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3943.84* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3753.23* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3562.61* Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3372 Profile: PF#1

Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3330 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3266 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3141 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3088.94 Profile: PF#1

Waming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3064.67 Profile: PF#1

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3049.67 Profile: PF#1

Waming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for
additional cross sections.

Note - Manning's n values were composited to a single value in the main channel.
River: Bullard Wash Reach: Outfall Channel RS: 3002.33 Profile: PF#1

Waming - The energy equation could not be balanced within the specified number of iterations. The program
used critical depth for the water surface and continued on with the calculations.

Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7
or greater than 1.4. This may indicate the need for additional cross sections.

Waming - During the standard step iterations, when the assumed water surface was set equal to critical depth,
the calculated water surface came back below critical depth. This indicates that there is not a valid
subcritical answer. The program defaulted to critical depth.

Note - Manning's n values were composited to a single value in the main channel.
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Wood, Patel & Associates, Inc.
TABLE 5.5

Summary of Errors, Warnings and Notes for Bullard Wash Outfall Channel

Errors Wamings and Notes for Plan: Fina/(9/98)

River: Bullard Wash Reach: Outfall Channel RS: 2995.26 Profile: PF#1
Waming - The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 2911 Profile: PF#1
Waming - The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7

or greater than 1.4. This may indicate the need for additional cross sections.
Note - Manning's n values were composited to a single value in the main channel.
Note - Hydraulic jump has occurred between this cross section and the previous upstream section.

River: Bullard Wash Reach: Outfall Channel RS: 2877.74 Profile: PF#1
Waming • The velocity head has changed by more than 0.5 ft (0.15 m). This may indicate the need for

additional cross sections.
Note· Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 2860.56 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 2660 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.

River: Bullard Wash Reach: Outfall Channel RS: 2500 Profile: PF#1
Note - Manning's n values were composited to a single value in the main channel.
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Wood, Patel & Associates, Inc.

TA8LEES.6
Summary of Freeboard Considerations for Bullard Wash

4 barrel 10'x12' concrete box culver!

none 51.34 nla 2.227

none 76.95 nla 2.IW
none 70.12 nla 1.640
none 62.12 nla 1.632
nonc 62.14 nla 1.666
none 62.14 nla 1.669
nonc 82.29 nla 1.731

500 82.15 6.09 0.25 1.724

500 81.90 6.11 0.26 1.702

none 98.51 nla 1.695

nonc 105.31 nla 1690

none 105.28 nla 1.687

none 105.26 nla 1.687

none 105.23 nla 1.687
nonc 105.21 nla 1.687

none 105.19 nla 1.685
nonc 105.18 nla 1.685
none 105.15 nla 1.688
nonc 105.14 nla 1685
none 105.12 nla 1686
none 105.11 nla 1.686

none 105.09 nla 1.685

none 105.08 nla 1.6!l6
none 105.06 n/a 1.6!l6
nonc 105.07 nla 1.6!l6
none 10505 nla I.NO

none 10506 II/a I.NO

lIolle 105.02 II/a I.t>K4
none 105.17 nla 1.690
lIone 105.:\0 II/a 1.696
nOlle 105.46 nla 1.707

APPENDIX I:'
lIUl.l.ARD WASil OUTI'AJ.I. (·!1ANNI:I.

Equations Used:

Radius Top Width Rcff Super Elev Calculated

none 91.78 nla 1.628

none 91.76 nla 1.626

none 91.76 nla 1.626

a none 51.29 nla 1.856

a
a

Freeboard: FB = 0.25 ( Y + Y2/ 2g) + dY for both subcritical & supercrilical /low
Superelevation: dY = ( y2 • T ) / ( g • Rc) for channel bends

subcritical flow, min FB =1.0 ft supercrilical flow. min FB = 2.0 Il
Bridges, min FB = 2.0 ft Levees, min FB = 3.0 ft

Background DATA

Pa2e I of 3

Project: FCDMC: Bullard Wash - CLOMR Submillal
River Reach: Gila River Outfall to Lower Buckeye Road

Date: 24-Sep-98
Reference: FCDMC. Drainage Design Manual, Volume 11- Hydraulics, January 1996

Stationinl!. in reet Channel Elev.• in reet WSEL Velocity Froude Freeboard in feet
2500.00 25+00.00 900.69 908.69 906.58 6.33 0.48 1.63 2.11
2660.00 26+60.00 901.02 909.02 906.90 6.34 0.48 1.63 2.12
2860.56 28+60.56 901.42 909.42 907.30 6.33 0.48 1.63 2.12
2877.74 28+17.74 901.45 909.45 906.45 12.49 0.99 2.00 3.00
2901.40 29+01.40 901.50 912.54
2901.49 29+01.49 901.50 912.54 909.45 7.85 0.49 2.23 3.09
2911.00 29+11.00 901.97 912.54 909.93 6.19 0.42 2.14 2.61
2995.26 29+95.26 906.15 913.41 909.69 13.95 1.36 2.00 3.72
3002.33 30+02.33 906.48 913.48 910.82 11.87 1.00 2.00 2.66
3049.67 30+49.67 906.56 913.58 911.59 10.26 0.81 1.67 1.99
3064.67 30+64.67 906.58 913.58 911.65 10.17 0.80 1.67 1.93
3088.94 30+88.94 906.62 915.62 912.81 6.88 0.51 1.73 2.81
3141.00 31+41.00 906.70 915.70 912.84 6.98 0.52 1.97 2.86
3266.00 32+66.00 906.90 915.90 912.92 7.13 0.54 1.96 2.98
3330.00 33+30.00 907.00 917.00 913.25 5.84 0.44 3.00 3.75
3372.00 33+72.00 907.06 917.06 913.35 5.49 0.41 3.00 3.71
3562.61· 3562.61- 907.34 911.34 913.62 5.50 0.41 3.00 3.72
3753.23- 3753.23- 907.62 917.62 913.90 5.50 0.41 3.00 3.72
3943.84- 3943.84- 907.89 911.89 914.17 5.50 0.41 3.00 3.72
4134.46· 4134.46- 908.17 918.17 914.45 5.50 0.41 3.00 3.72
4325.07- 4325.07- 908.45 918.45 914.72 5.51 0.41 3.00 3.73
4515.69· 4515.69- 908.73 918.73 915.00 5.51 0.41 3.00 3.73
4706.30- 4706.30- 909.00 919.00 915.28 5.51 0.41 3.00 3.72
4896.92- 4896.92- 909.28 919.28 915.55 5.51 0.41 3.00 3.73
5087.53- 5087.53- 909.56 919.56 915.83 5.52 0.41 3.00 3.73
5278.15· 5278.15· 909.84 919.84 916.11 5.52 0.41 3.00 3.73
5468.76· 5468.76· 910.11 920.11 916.38 5.51 0.41 3.00 3.73
5659.38· 5659.38· 910.39 920.39 916.66 5.52 0.41 3.00 3.73
5850.00 58+50.00 910.67 920.67 916.94 5.52 0.41 3.00 3.73
5900.00 59+00.00 910.74 919.74 917.01 5.52 0.41 1.69 2.73
6020.00 60+20.00 910.92 919.92 917.18 5.52 0.41 1.68 2.74
6220.00 62+20.00 911.21 920.21 917.47 5.52 0.41 1.68 2.74
6322.00 63+22.00 911.36 920.36 917.62 5.53 0.42 1.68 2.74
6400.00 64+00.00 911.45 920.45 917.74 5.49 0.41 1.69 2.71
6510.· 6510.· 911.58 920.58 917.90 5.46 0.41 1.70 2.68

6620.00 66+20.00 911.70 920.70 918.07 5.42 0.40 1.71 2.63
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Wood, Patel & Associates, Inc.

TABLE ES.6
Summary of Freeboard Considerations for Bullard Wash

Project: FCDMC: Bullard Wash - CLOMR Submittal
River Reach: Gila River Outfall to Lower Buckeye Road

Date: 24-Sep-98
Reference: FCDMC, Drainage Design Manual, Volume 11- Hydraulics, January 1996

Freeboard:
Superelevation:

Equations Used:
FB = 0.25 ( Y + Vl/ 2g) + dY for both subcritical & supercritical now
dY =(Vl * T ) / ( g * Rc) for channel bends
subcritical now, min FB = 1.0 ft supercrilical now, min FB = 2.0 n
Bridges, min FB = 2.0 ft Levees, min FB - 3.0 ft

Background DATA

1.1114

1.812

1.803
1.997

2.012

1.814

1.806

1.791

1.471

1.444

1.593

1.358

1.286
1.426

1.473

1.'l10
1.537

1.560

1.576

1588

1.600

1.605

1.626

1.634

1640
1.647

1653

l6'i8

1.715

1.723

1.729

1.738

1.710
1.768

n/a

n1a
n1a
n1a
n1a

n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a
n1a

0.04

0.04

0.04

004
004

0.04

0.04

2559

24.06
24.02

23.98
2395
2392

2533

Top Width RefI' Super Elev Calculaled

105.63 n/a

10581 n1a
105.93 n1a
106.07 n/a

92.80 n1a
92.87 n1a

Me 85 bridge
93.23

93.22

9313

93.14
UPRR bridge

93.30

93.23

93.11
106.75

86.61

88.13

87.18

89.20

97.66
104.83

106.20

107.19
107.88

108.48
108.90

103.19

103.42

103.56

110.13

110.34

110.52
110.67
IltUIO
104.62

none

none
none

none
none

none
none
none
none
none
none

none

none

none

none

none
none
none

none

none

none

none

none
none

none
none

none

2650

2650

2650

2650
2650
2650

2650

Radius

b
b
b

c
c
c

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

StationiDl!. in feet Channel Elev.. in feet WSEL Velocity Froude Freeboard in feet
6776.75* 6776.75* 911.88 920.88 918.29 5.38 0.40 1.72 2.59
6933.5* 6933.5* 912.05 921.05 918.50 5.34 0.40 1.72 2.55
7090.25* 7090.25* 912.23 921.23 918.71 5.31 0.39 1.73 2.52
7247.00 72+47.00 912.40 921.40 918.92 5.28 0.39 1.74 2.48
7280.00 72+80.00 912.34 921.34 918.90 5.79 0.42 1.77 2.44
7300.00 73+00.00 912.36 922.06 918.91 5.79 0.42 2.00 3.15
7357.00 73+57.00 912.43 922.06
7417.00 74+17.00 912.49 922.06 919.26 5.59 0.40 2.00 2.80
7440.00 74+40.00 912.51 921.51 919.27 5.60 0.40 1.81 2.24
7500.00 75+00.00 912.58 921.58 919.30 5.64 0.40 1.80 2.28
7523.00 75+23.00 911.82 921.70 919.34 5.49 0.39 2.00 2.36
7543.00 75+43.00 911.83 921.70
7543.00 75+43.00 911.84 921.70 919.43 5.42 0.38 2.01 2.27
7558.00 75+58.00 912.65 921.65 919.42 5.59 0.40 1.81 2.23
7605.00 76+05.00 912.70 921.70 919.44 5.59 0.40 1.81 2.26
7700.00 77+00.00 912.81 921.81 919.47 5.69 0.41 1.79 2.34
7744.00 77+44.00 914.81 921.97 917.48 14.39 1.58 2.00 4.49
7771.64 77+71.64 916.00 922.00 918.71 14.05 1.54 2.00 3.29

7925.82* 7925.82· 922.67 928.67 925.06 16.01 1.86 2.00 3.61
8080.00 80+80.00 929.34 935.34 932.41 12.33 1.27 2.00 2.93
8100.00 81+00.00 930.20 939.20 933.73 10.20 1.00 2.00 5.47
8210.00 82+10.00 930.33 939.33 935.30 6.88 0.58 1.43 4.03
8348.- 8348.* 930.50 939.50 935.74 6.48 0.53 1.47 3.76
8486.* 8486.* 930.66 939.66 936.10 6.21 0.50 1.51 3.56
8624.* 8624.* 930.83 939.83 936.41 6.04 0.48 1.54 3.42
8762.* 8762.* 930.99 939.99 936.69 5.90 0.46 1.56 3.30

8900.00 89+00.00 931.16 940.16 936.94 5.80 0.45 1.58 3.22
9000.00 90+00.00 931.29 940.29 937.09 5.96 0.46 1.59 3.20
9080.00 90+80.00 931.38 940.38 937.24 5.89 0.45 1.60 3.14
9200.00 92+00.00 931.55 940.55 937.44 5.85 0.45 1.65 3.11
9372.00 93+72.00 931.74 940.74 937.77 5.53 0.42 1.67 2.97
9529.* 9529.* 931.93 940.93 938.00 5.48 0.42 1.67 2.93
9686.* 9686.* 932.12 941.12 938.22 5.45 0.42 1.68 2.90
9843· 9843.* 932.31 941.31 938.44 5.42 0.41 1.69 2.87

10000.00 100+00.00 932.50 941.50 938.66 5.39 0.41 1.69 2.84
10100.00 101+00.00 932.62 941.62 938.77 5.57 0.42 1.70 2.85
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Wood, Patel & Associates, Inc.

TABLE ES.6
Summary of Freeboard Considerations for Bullard Wash

Freeboard:
Superelevalion:

Equations Used:
FB = 0.25 ( Y + V2 / 2g) + dY for both subcrilicaJ & supercritical flow
dY = ( V2 * T ) / ( g * Rc) for channel bends
subcritical flow, min FB = 1.0 ft supercritical flow, min FB =2.0 It
Bridges, min FB =2.0 ft Levees, min FB =3.0 ft

Background DATA

1.665

1667
1.669

1.674

1.674

1.676

1.676

1.681

1.683

1.686
1.686

1.689

1.689

1.696

1.694
1.955

2428
1.788

1.919

1.673

1.482

1.390

1.499

1.221

Top Width Rcfl' Super Elev Calculated
104.71 25.31 0.04

111.16 23.84 0.04
111.20 23.83 0.04

111.29 23.81 0.04

111.31 23.81 0.04

111.33 23.80 0.04

111.36 nJa

105.04 nJa

105.09 nJa

111.60 nJa

111.61 nJa

111.63 nJa
105.22 2.14 0.43

105.31 2. 14 0.42

105.28 nJa

92.44 nJa
83.52 nJa

375.21 nJa

493.50 nJa

626.70 nJa

768.39 nJa

839.61 nJa

594.41 nJa

873.00 nJanone

none
none

none

none

none

none

none

none

225

225

none

none

none

none

none

none
none

Radius
2650

2650
26.'\0
2650

2650

2650

e
e
e
e
e
e
e
e
f

d
d
d
d
d
d
d
d
d
d
d
d
d
d
d

Project: FCDMC: Bullard Wash - CLOMR Submittal
River Reach: Gila River OUlfalllo Lower Buckeye Road

Dale: 24-Sep-98
Reference: FCDMC, Drainage Design Manual, Volume 11- Hydraulics, January 1996

Stationln!!. in feet Channel Elev.. in feet WSEL Velocity Froude Freeboard in feet
10200.00 102+00.00 932.74 941.74 938.92 5.55 0.42 1.70 2.82
10300.00 103+00.00 932.86 941.86 939.09 5.32 0.40 1.70 2.77
10430.· 10430.* 933.02 942.02 939.26 5.31 0.40 1.71 2.76
10560.· 10560.· 933.17 942.17 939.43 5.29 0.40 1.71 2.74
10690.· 10690.· 933.33 942.33 939.59 5.29 0.40 1.71 2.74
10820.00 108+20.00 933.49 942.49 939.76 5.29 0.40 1.71 2.73
11000.00 110+00.00 933.71 942.71 939.98 5.28 0.40 1.68 2.73
11100.00 111+00.00 933.83 942.83 940.09 5047 0.41 1.68 2.74
11200.00 112+00.00 933.95 942.95 940.22 5.46 0.41 1.68 2.73
11300.00 113+00.00 934.07 943.07 940.39 5.23 0.39 1.69 2.68
11425.* 11425.· 934.22 943.22 940.54 5.23 0.39 1.69 2.68

11550.00 115+50.00 934.37 943.37 940.70 5.23 0.39 1.69 2.67
11735.00 117+35.00 934.60 943.60 940.90 5043 0.40 2.12 2.70
11883.00 118+83.00 934.77 943.77 941.10 5.40 0040 2.12 2.67
11932.00 119+32.00 934.84 943.84 941.16 5041 0.40 1.69 2.68
11943.00 119+43.00 933.85 942.85 941.13 5.89 0.43 nla nla
12195.00 121+95.00 934.75 943.75 936.92 22.04 2.95 nla nla
12198.00 121+98.00 939.65 944.15 945.82 7.95 0.94 nla nla
12200.00 122+00.00 939.68 944.18 946.90 5041 0.54 nla nla
12345.00 123+45.00 940.96 945.46 946.92 6.87 0.61 nla nla
12445.00 124+45.00 941.85 946.35 947.51 4.15 0.44 nla nla
12640.00 126+40.00 942.50 947.00 947.85 3.69 0.34 nla nla
13120.00 131+20.00 943.70 948.20 948.89 7.21 0.91 nla nla
13700.00 nla 948.50 953.00 952.80 6.13 0.58 nla nla

Notes: • Denotes HEC-RAS Interpolated Cross Section
a) STA 28+78.74 to 29+01.49, 4 - 12'xlO' concrete box culvert
b) STA 73+00 to 74+30, Maricopa County 85 slab bridge, low chord elevation is 922.06.
c) STA 75+33 to 75+53, UPRR precast bridge, low chord elevation is 921.7, designed by others.
d) STA 82+20 to 119+43, low flow channel invert reported by HEC-RAS, however freeboard calculations based on centerline invert of main channel.
e) Channel Inlet Area - flow is expected to weir over banks inlo Bullard Wash upstream of Lower Buckeye Road.
o Tie into existing FEMA regulated floodplain @ RM 2.883
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Hydraulic Structures
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Figure 7.9
Length or a Hydraulic: Jump for Non-Rectangular Channels

(USOOT. FHWA. HEC-14. 1983)
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Wood, Patel. & Associates, Inc.

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

UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0

PROJECT: Bullard Wash Outfall Channel
ENGINEER: dtp
DATE: 9/ 4/1998
TIME: 11:42. 4

INPUT PARAMETERS

Drop inlet on west side

STARTING WSEL:
MAXIMUM WSEL:
STEP SIZE:
BREADTH OF WEIR:

944.90
947.70

0.10
20.00

************************_.*******************
INPUT ELEVATION/STATION TABLE.
PROJECT: Bullard Wash Outfall Channel
DATE: 9/ 4/1998
TIME: 11:42. 4

****************************-****************

POINT ELEVATION STATION
--------- -------

1 950.00 11942.00
2 946.20 11943.00
3 944.97 12043.84
4 945.30 12200.00
5 950.00 12201.00

File = W:\96464-Bull\weir\BW-w.wpd
Uneven Weir Analysis

Drop inlet on west side

Appendix
Page 1 of 2



Wood, Patel, & Associates, Inc.

WEIR COEFFICIENT TABLE
PROJECT: Bullard Wash Outfall Channel
DATE: 91 4/1998
TIME: 11 : 42. 4

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

Drop inlet on west side

REFERENCE: COE CHART - UPPER CURVE

POINT HEAD COEFFICIENT POINT HEAD COEFFICIENT
----------- -----------

1 0.00 2.5000 16 1. 50 2.7500
2 0.10 2.5167 17 1. 60 2.7667
3 0.20 2.5333'-· 18 1. 70 2.7833
4 0.30 2.5500 19 1. 80 2.8000
5 0.40 2.5667 20 1. 90 2.8167
6 0.50 2.5833 21 2.00 2.8333
7 0.60 2.6000 22 2.10 2.8500
8 0.70 2.6167 23 2.20 2.8667
9 0.80 2.6333 24 2.30 2.8833

10 0.90 2.6500 25 2.40 2.9000
11 1. 00 2.6667 26 2.50 2.9167
12 1.10 2.6833 27 2.60 2.9333
13 1.20 2.7000 28 2.70 2.9500
14 1. 30 2.7167
15 1. 40 2.7333

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

UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0
PROJECT: Bullard Wash OUtfall Channel
DATE: 9/ 4/1998
TIME: 11 : 42. 4

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

Drop inlet on west side

ELEVATION DISCHARGE (CFS) ELEVATION DISCHARGE (CFS)
--------- --------------- --------- ---------------

944.90 0.00 946.40 813.32
945.00 0.09 946.50 928.03
945.10 3.40 946.60 1049.12
945.20 14.19 946.70 1176.45
945.30 35.10 946.80 1309.89
945.40 66.92 946.90 1449.35
945.50 107.48 ~4/ • UU 1594./b
945.60 155.96 947.10 1746.04
945.70 212.05 947.20 1903.15
945.80 275.60 947.30 2066.03
945.90 346.55 947.40 2234.66
946.00 424.91 947.50 2409.00
946.10 510.71 947.60 2589.03
946.20 604.02
946.30 705.22

J4aa C+S ;,. t,} At &,,~ (Wf~ s;JeJ "",;11

OIUfJiJP ~'M I ..! (;J &'-611 : 1t(,,90

File = W:\96464-Bull\weir\BW-w.wpd
Uneven Weir Analysis
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Wood, Patel, & Associates, Inc.

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

UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0

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

PROJECT: Bullard Wash Outfall Channel
ENGINEER: dtp
DATE: 9/ 4/1998
TIME: 11:49.44

INPUT PARAMETERS

Drop inlet weir on east

1

STARTING WSEL:
MAXIMUM WSEL:
STEP SIZE:
BREADTH OF WEIR:

943.80
946.50

0.10
10.00

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

INPUT ELEVATION/STATION TABLE.
PROJECT: Bullard Wash Outfall Channel
DATE: 9/ 4/1998
TIME: 11: 49 . 44

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

POINT ELEVATION STATION
--------- -------

1 948.00 11942.00
2 943.85 11943.00
3 944.20 12200.00
4 948.00 12201.00

File = W:\96464-Bull\weir\BW-e.wpd
Uneven Weir Analysis

Drop inlet weir on east

Appendix
Page 1 of 2



Wood. Patel, & Associates, Inc.

WEIR COEFFICIENT TABLE
PROJECT: Bullard Wash Outfall Channel
DATE: 9/ 4/1998
TIME: 11 : 49 . 44

***-*****************************************

Drop inlet weir on east

REFERENCE: COE CHART - UPPER CURVE

POINT HEAD COEFFICIENT POINT HEAD COEFFICIENT
----------- -----------

1 0.00 2.5000 16 1. 50 3.0000
2 0.10 2.5333 17 1. 60 3.0022
3 0.20 2.566""'· 18 1. 70 3.0044
4 0.30 2.6000 19 1. 80 3.0067
5 0.40 2.6333 20 1. 90 3.0089
6 0.50 2.6667 21 2.00 3 . 0111
7 0.60 2.7000 22 2.10 3 . 0133
8 0.70 2.7333 23 2.20 3.0156
9 0.80 2.7667 24 2.30 3.0178

10 0.90 2.8000 25 2.40 3.0200
11 1. 00 2.8333 26 2.50 3.0222
12 1.10 2.8667 27 2.60 3.0244
13 1. 20 2.9000 28 2.70 3.0267
14 1. 30 2.9333
15 1. 40 2.9667

*********************************************
UNEVEN WEIR FLOW PROGRAM
FORTRAN VERSION 1.0
PROJECT: Bullard Wash Outfall Channel
DATE: 9/ 4/1998
TIME: 11:49.44

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

Drop inlet weir on east

ELEVATION DISCHARGE (CFS) ELEVATION DISCHARGE (CFS)
--------- --------------- --------- ---------------

943.80 0.00 945.30 1085.30
943.90 0.41 945.40 1228.98
944.00 6.46 945.50 1380.57
944.10 23.32 945.60 1528.27
944.20 54.44 945.70 1677.18
944.30 100.96 945.80 1830.83
944.40 159.14 945.90 1989.08
944.50 227.44 946.00 2151.85
944.60 305.11 946.10 2319.02
944.70 391.66 946.20 2490.51
944.80 486.79 946.30 2666.23
944.90 590.28 946.40 2846.10
945.00 701. 97 946.50 3030.06
945.10 821.75
945.20 949.54

File = W:\96464-Bull\weir\BW-e.wpd
Uneven Weir Analysis

~(::JD c:fs ,'"" I •.ff ba.. t ,~..,I s,aeJ c,..I;J I
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_______________~AppendixE6
Hydraulic Calculations for East Tributary Channel



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

, ----
Worksheet Name: ETRI3~0+40 - 8+60

Comment: EAST TRIB CHANNEL STA 8+60- 10+00

Solve For Depth

Given Input Data:

Bottom Width .....
Left Side Slope ..
Right Side Slope.
Manning's n .
Channel Slooe .
Discharge .. ~: .. ~.

Computed Results:

Depth .
Velocity .
Flow Area .
Flow Top Width .
Wetted Perimeter.
Critical Depth .
Critical Slope .
Froude Number .

15.00 ft
1.50:1 (H:V)
1.50:1 (H:V)
0.019
0.0020 ft/ft

850.00 cfs

4.88 ft
7.81 fps

108.78 sf
29.63 ft
32.58 ft
4.03 ft
0.0040 ft/ft
0.72 (flow is Subcritical)

Open Channel Flow Module, Version 3.43 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: ETRIB 8+60-1000

Comment: EAST TRIB CHANNEL STA 8+60 - 10+00

Solve For Depth

Given Input Data:

Bottom Width .....
Left Side Slope ..
Right Side Slope.
Manning's n .
Channel Slope .
Discharge .

Computed Results:

Depth .
Velocity .
Flow Area .
Flow Top Width .
Wetted Perimeter.
Critical Depth .
Critical Slope .
Froude Number .

15.00 ft
1.50:1 (H:V)

"" 1.50:1 (H:V)
0.019
0.0025 ft/ft

850.00 cfs

4.59 ft
8.46 fps

100.44 sf
28.77 ft
31.55 ft

4.03 ft
0.0040 ft/ft
0.80 (flow is Subcritical)

Open Channel Flow Module, Version 3.43 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



Trapezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: ETRIB 10+20-2162

Comment: EAST TRIB CHANNEL STA 10+20 - 21+62

Solve For Depth

Given Input Data:

Bottom Width ... __
Left Side Slope ..
Right Side Slope.
Manning's n .
Channel Slope .
Discharge '

Computed Results:

Depth _
Velocity _.
Flow Area .
Flow Top Width .
Wetted Perimeter.
Critical Depth .
Critical Slope .
Froude Number .

15.00 ft
1.50:1 (H:V)

'.,. 1.50:1 (H:V)
0.019
0.0020 ft/ft

850.00 cfs

4.88 ft
7.81 fps

108.78 sf
29.63 ft
32.58 ft

4.03 ft
0.0040 ft/ft
0.72 (flow is Subcritical)

Open Channel Flow Module, Version 3.43 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



T~apezoidal Channel Analysis & Design
Open Channel - Uniform flow

Worksheet Name: ETRIB CHL INLET

Comment: E TRIB INLET (shallow V-ditch bottom)

Solve For Depth

Given Input Data:

Bottom Width .....
Left Side Slope ..
Right Side Slope.
Manning's n .
Channel Slope .
Discharge .

Computed Results:

40.00 ft
1.50:1 (H:V)

'0.1.50:1 (H:V)
0.019
0.0055 ft/ft

850.00 cfs

3G +\ -~ t~2~Z +t
V ~ 9J~ ~f

~:5 )J3

Depth .
Velocity .
Flow Area .
Flow Top Width .
Wetted Perimeter.
Critical Depth .
Critical Slope .
Froude Number .

2.16 ft
9.08 fps

93.62 sf
46.49 ft
47.81 ft

2.34 ft
0.0042 ft/ft
1.13 (flow is Supercritical)

Open Channel Flow Module, Version 3.43 (c) 1991
Haestad Methods, Inc. * 37 Brookside Rd * Waterbury, Ct 06708



_______________--"'-""'-Appendix E7
Hydraulic Calculations for Interior Drainage Outlet Structure



Culvert Designer/Analyzer Report
Pipe P12, Sta 30+65 Rt, BID Spillway

Comments: Spillway is located on north bank of BID Canal and east of new Bullard Wash Channel.

The high water at the inlet exceeds the elevation of the farm road that separates Pipe 2 from Pipe 12. Therefore, both sets of
of pipes are modeled together.

Pipe 12 inlets and outlets are mitered to conform to 2:1 spillway banks. Pipe 12 will outlet onto spillway to spread flows before
entering the canal.

Overtopping wier is concrete, trapezoidal, 40' bottom width. and approximately 7 percent sideslopes to North Maintenance
Road grade.

A 4:1 slope on shotcrete spillway into BID canal. "-

Taifwater elevation is BID overchute structure low chord elevation =905.5 (Plunge flow at outlet).

Pipe 2 overtops the farm road (approximately 26 cts). Design flow for Pipe 12 is the condition where the spillway crest is just
overtopped. Check flow is 10o-yr, 24-hr storm with 100% saturation in the watershed.

Analysis Component

Storm Event Check Discharge 366.00 cts

Peak Discharge Method: User-Specified

Design Discharge 105.00 cfs Check Discharge 366.00 cfs

~IlwaterConditions: Constant Tailwater

Tailwater Elevation 903.50 It

Name Description Discharge HW EJey Velocity

Culvert· 1 3-24 inch Circular 93.91 cts 913.30 It 10.21 ftls

Culvert·2 1-24 inch Circular 32.45 cfs 913.30 It 13.55 ftls

Weir Roadway 239.81 cfs 913.30 It NlA
Total 366.17 cfs 913.30 It NlA

Project Engineer. Phoenix TSU
p:\013884\600disc\61Odrain\610dcuMbullard.cvm Sverdnlp Civil, Inc CulVertMaster \f1.0
07/17/98 03:17:50 PM C Haestad MethOds. Inc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of 4



Culvert Designer/Analyzer Report
Pipe P12, Sta 30+65 Rt, BID Spillway

iponent: Culvert-1

Culvert Summary

Computed Headwater Elevation

Inlet Control HW Elev

Outlet Control HW Elev

Headwater Depth! Height

913.30 It

913.30 It

912.91 It

2.64

Discharge

Tailwater Elevation

Control Type

93.91 cts

903.50 It
Inlet Control

Grades

Upstream Invert 908.01 It Downstream Invert 907.78 It
Lengttl 45.00 It Constructed Slope 0.005111 Mt

Hydraulic Profile

Profile CompositeM2Pressure Depth, Downstream 1.88 It
Slope Type Milcl Normal Depth NlA It
Flow Regime Subcritical Critical Depth 1.88 It
Velocity Downstream 10.21 ftls Critical Slope 0.016549 Mt

Section

Section Shape Circular Mannings Coefficient 0.013

Section. Material Concrete Span 2.00 It
Section Size 24 inch Rise 2.00 It
• "Jmber Sections 3

........ tlet Control Properties

Outlet Control HW Elev 912.91 It Upstream Velocity Head 1.54 It
Ke 0.50 Entrance Loss o.n It

Inlet Control Properties

Inlet Control HW Elev 913.30 It
Inlet Type End·Section Conforming to fill slope

K 0.00980

M 2.00000
C 0.03980
y 0.67000

Flow Control

Area Full
HDS 5 Chart

HDS 5 ScaJe
Equation Form

Submerged

9.4 ft'l
1

1

1

p:\01 3884\600disc\6 1Odrain\61OdcuMbullard.cvm
07/17/98 03:17:50 PM C Haestad Methods. Inc.

Sverdrup Civil, Inc
37 Brookside Road Watertlury. CT 06708 USA

Project Engineer. Phoenix TSU
CutvertMaster v1.0

(203) 755-1666 Page 2 of 4



Culvert Designer/Analyzer Report
Pipe P12, Sta 30+65 Rt, BID Spillway

ponentCulvert-2

Culvert Summary

Computed HeadWater Elevation 913.30 It Discharge 32.45 c1s
Inlet Control HW Elev 913.30 It Tailwater Elevation 903.50 It
Outlet Control HW Elev 912.22 It Control Type Inlet Control
HeadWater Depthl Height 2.78

Grades

Upstream Invert 907.74 It Downstream Invert 904.42 It
Length 110.00 It Constructed Slope 0.030182 ftIIt

Hydraulk: Profile

Profile S2 Depth, Downstream 1.43 It
Slope Type Steep Normal Depth 1.39 It
Flow Regime Supercritical Critical Depth 1.90 It
Velocity Downstream 13.55 ftIs Critical Slope 0.017808 ftIIt

Section

Section Shape Circular Mannings Coefficient 0.013

Section.Material Concrete Span 2.00 It

Section Size 24 inch Rise 2.00 It
Number Sections 1

",utlet Control Properties

Outlet Control HW Elev 912.22 It Upstream Velocity Head 1.73 It
Ke 0.50 Entrance Loss 0.88 It

Inlet Control Properties

InJet Control HW EJev 913.30 It

Inlet Type End-Section Conforming to fill slope

K 0.00980

M 2.00000
C 0.03980
Y 0.67000

Flow Control

Area Full

HOS 5 Chart

HOS 5 Scale
Equation Form

Submerged

3.1 ftC

1

1

1

p:IO 13884\600disc161 Ccralnl61 Odculvlbuilard.cvm
01111198 03:11:50 PM <C Haestad Metnods. Inc.

Sverdrup Civil, Inc
31 BrookSide Road Waterbury. CT 06108 USA

Project Engineer: PhoenIX TSU
CulvertMaster '/1.0

(203) 155-1666 Page 3 of 4



Culvert Designer/Analyzer Report
Pipe P12, Sta 30+65 Rt, BID Spillway

iponentWeir

Hydraulic Component(s): Roadway

Discharge
Roadway WId1h

Low Point

Discharge Coefficient (Cr)

Tailwate, Elevation

239.81 cts
27.00 It

912.00 It
3.03

903.50 It

Allowable HW Elevation

Overtopping Coefficient

Headwater Elevation

SUbmergence Factor (Kt)

913.30 It
3.03 US

913.30 tt

1.00

Sta (tt)

140.00

160.00

200.00

220.00

E1ev (ttl

913.35

912.00

912.00

913.35

Project Engineer: Phoenix TSU

p:\01 3884\6000isc\61 Odraln\61 OocuMOuliard.cvm Swrdrup Civil, Inc CulvertMaster v1.0
07/17198 03:17:50 PM C HaestaO MethOdS. Inc. 37 Brookside Road Watertlury, CT 06708 USA (203) 755-1666 Page 4 of 4
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___________----..tA....-.ppendix F
Erosion and Sedimentation Analysis

This appendix contains the local scour calculations for the Ford crossing at Broadway Road and the

BID Bypass Road CBC. Also included are the calculations for rip rap sizing for the grouted rip rap

portions of this studyreach. A section documenting the gabion mattress design is also ineluded here.

Refer to the Sediment Transport & Scour Analysis (under separate cover) for the remainder of the

erosion and sedimentation analyses.



LOCAL SCOUR ESTIM:ATION
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Wood. Pate4 3. Associates Bullard Wash

Sill Scour Computation Sheet

100-y.... SCour EstImate Downstream of Broadway Road (Sta. 63+22)

WPt 964$4

Methodology from 'Computing Degradation and LocaJ Scour' by E. Pemberton and J. Lara. 1984.

Technical Guideline for Bureau of Reclamation. pages 40-45. equation type '0"

l00-year discharge = 3,200 cts Long-term degradation .. 1.60 ft

Total flow area (uls) = SST.07 If Total flow area (dis) .. 556.99 If

Total top width (uls) = 92.89 ft Total top width (dis) .. 92.89 ft

Mean flow depth (uls) '" 6.00 ft Mean flow depth (dis) .. 6.00 ft

Discharge per foot = 34.45 cfsIft WSEL(uls) = 917.80 ft

WSEL(dls) = 917.65 ft

Veronese (1937)

Id = KH 0.225 0.54 - d I
I T q III

ds.. 4.1 ft

Q:\8ullard\s8diment\Sill.xls

do .. depth of scour (ft)

K.. 1.32 1.32 inch-pound units

~ .. 1.75 head from UIS to DIS

q.. 34.45 discharge per unit width (ets per ft)

d", .. 6.00 DIS mean water depth

712198
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Wood. Patel & Associates Bullard Wash

Sill Scour Computation Sheet

100-year SCour EstImate Downstream of 4-12x10 ft cac (Sta. 28+71.74)

WPtI 964S4

2 Cf ~

Methodology from ·Computing Degradation and Local Scour" by E. Pemberton and J. Lara, 1984.

Tect1nicaJ Guideline for Bureau of Reclamation, pages 40-45, equation type ·D"

100-year discharge = 3,200 cfs Long-tenn degradation = 0.00 It

Total flow area (uls) = 309.12 If Total flow area (dis) ~ 505.60 If

Total top width (uls) = 57.14 It Total top width (dis) = 91.n It

Mean flow depth (uls) = 5.41 It Mean flow depth (dis) ~ 5.51 It

Discharge per foot = 56.00 cfsIft WSEL(uls) = 906.85 It

WSEL(dls) ~ 907.26 It

Veronese (1937)

Id = KH 0.225 0.54 - d I
I T q '"

ds = 5.0 It

Q:lBull~ent\SiII.xls

d. ~ depth of scour (It)

K~ t.32 1.32 inch-pound units

H,- = 0.63 head from UlS to DIS

q = 56.00 discharge per unit width (cfs per It)

d", = 5.51 DIS mean water depth

712198
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~qQJECT Buf!tJ;rt( cNMh ~1It~J
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RIPRAP DESIGN
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Figure 6.10
Required Blanket Thickness of Grouted Rock

(USDOT. FHWA. HEC-l1. 1989)

6.5.5 Wire Enclosed Rock (GabioD Baskets)

6.3.5.1 General: Wire enclosed rock refers to rocks that are confmed by a wire basket
so that they act as a single unit. The wire mesh enclosed rock units are also known as
gabion baskets or gabion mattresses. One of the major advantages of wire enclosed rock
is that it provides an alternative in situations where available rock sizes are too small for
ordinary riprap. Another advantage is the versatility that results from the regular
geometric shapes of wire enclosed rock. The rectangular blocks and mats can be
fashioned into almost any shape that can be formed with concrete. The durability of wire
enclosed rock is generally limited by the service life of the galvanized binding wire
which. under normal conditions, is considered to be about 15 years. Water carrying silt,
sand or gravel can reduce the service life of the wire. Also, water which rolls or
otheI'VIise moves cobbles and large stones breaks the wire with a hammer and anvil
Jction and considerably shortens the life of the wire. The wire has been found to be
susceptible to corrosion by various chemical agents and is particularly affected by high

6-49



If the designer
at a particular

,.

has no knowledge of the erodibility of the soil
channel site, a reasonable estimate of dmax

may be obtained by interpolating half-way between the "erosion
resistant" and "erodible" lines of the maximum permissible
depth charts (except Chart 27 for rock riprap, where no range
is given because the underlying soil has no influence on the
erosion resistance of the riprap lining).

Hydraulic Resistance

The flow velocity charts were developed to define the relation­
ship between the hydraulic radius of the channel, R, longitudinal
slope of the channel, So' and mean channel velocity, V, for a
given channel lining. For some linings, such as rock riprap
of a given size and fiber glass roving tacked with asphalt, the
Manning equation may be used since the n value is essentially
constant. For rock riprap, the Xanning n value varies with
mean stone size, as follows (6):

n = 0.0395 D
50

l /6

Thus, the following n values apply for common stone sizes:

6 c{:5

D50 (ft.)

0.25
0.50
0.75
1.00
1.50
1.0 0

n

0.0314
0.0352
0.0377
0.0395
0.0423
,),,f) 1.1",3

For fiber glass roving tacked with asphalt, Cox (4) found that
the Manning n value was approximately a constant:

Single layer
Double layer

Smooth Rolled Channels

0.030
0.020

Channels with Clods
and Tracks

0.035
0.025

The higher values of n were used in the development of Charts 5
and 6, assuming that most highway channels will be rather rough
after seeding and mulching.

9



Drainage Design \{anual for \laricopa County, Volume II, Hydraulics

Table 6.4
Riprap Gradation Limits

(USDOT, FHWA. REC·ll)

Stone Size Range Stone Weight Range Percent of Gradation

1.5 d'll to 1.7 d'll 3.0W'lI to 5.0W'lI 100

1.2 d~o to 1.4 d~o 2.0 W~o to 2.75 W'lI 85

1.0 d~o to 1.15 d~o 1.0 W50 to 1.5 W~o 50

0.4 d~o to 0.6 d~o 0.1 W~ to 0.2 W50 15

The gradation coefficient, G, should equal 1.5.

7 of g .

(6.14)

-
Table 6.4 provides design gradations for riprap. As a practical matter, the designer
should check with local quarries and suppliers regarding the classes and quality of riprap
available near the site.

Thickness: The riprap-layer thickness shall be the greater of 1.0 times the d100 value, or
1.5 times the ~o value. But the thickness need not exceed twice the d tOO value. The
thickness is measured perpendicular to the slope upon which the riprap is placed.

Filter Blanket RequiremenJ3: The purpose of granular fllter blankets underlying riprap
is two-fold. First, they protect the underlying soil from washing out; and, second, they
provide a base on which the riprap will rest. The need for a filter blanket is a function
of particle-size ratios between the riprap and the underlying soil which comprise the
channel bank. The inequalities that must be satisfied are as follows:

".J(l

(6.15a)

(6.15b)



Drainage Design \<Ianual for .\-Iaricopa County, Volume II, Hydraulics

Table 6.S
Gradation for Gravel Bedding

(Simons. Li and Associates. 1989)

Standard Sieve Size Type 1(1) Type II (I)

3 inches - 90 to 100

1-1/2 inches - -

3/4 inch - 20 to 90

3/8 inch 100 -

#4 (4.75 mm) 95 to 100 oto 20

#16 (1.18 mm) 45 to 80 -
#50 (0.30 mm) 10 to 30 -

#100 (0.15 mm) 2 to 10 -

#200 (0.075 mm) oto 2 oto 3

(1) Percent passing by weight

Table 6.6
Thickness Requirements for Gravel Bedding

Minimum Bedding Thickness, inches

Coarse Grain
Fine Grain Native Soils Native Soils

Riprap
Classification Type 1 Type II Type ill

6",8" 4 4 6

12" 4 4 6

18" 4 6 8

24" 4 6 8

30" 4 8 10

36" 4 8 10

Januarv 28. 19%



GABION MATTRESS DESIGN
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MACCAFeRRJ GABIONS ·'NC.
---~ ._.

It is also important to use a rock size that is not
less than the nominal size of the gabion mesh
openings. For gabions, it is recommended to use
a minimum rock size ofnot less than four inches
and for Reno mattresses a minimum rock size
not less than three inches.

Critical Velocity V5. Limit Velocity
When further increases in shear stress go beyond
the critical shear stress (or when the water
velocity becomes supercritical), rocks within the
gabion mattress begmto start moving towards
the downstream end of the basket. At this point
the gabion basket begins to deform until a new
equilibrium is reached (Figure 61). 1bis defor­
mation however, does not significantly affect the
mattresses from providing a similar degree of
protection to the bedding material, as long as the
deformation does not reduce the lining thickness

(39)

Determining The Rock Size And Lining
Thickness
To match the critical shear stress to the required
.aydraulic shear stress, the appropriate median
rock size needs to be determined. Once the
requL.-ed rock size has been detemllne~. the

. ,..... • .~. •.....~ ttillc!c:ss O~ me umng c:m .....en:== e...:u~u.
Maccaferri recommends that the thickness of the
lining be 1.5 times larger than the maximum size
of the rock used in filling the gabion mattress

(assuming a variable range ofrock size is used).
For instance, ifa 4-8· inch rock size is used, the
minimum thickness of the basket should not be

'T~b/e .- - The requirwd lining thicknesses alld medl." none me requirwd for various criti~/ water velocitias

'The valUes ct VelOCIty reported went oCtamed expermentalIy
I values > have to be intended as purely indicatiVe and awe oximated.

T U5E L.A. ~~c..r>:.>'C. -:-.6. ~ '2 _L.
IType I Thickness of Uning Filrtng Stones Critical Velocrtyf I Urnit Velodtyf

(mm) (in) Stene Size I d!l) I (mls) ! (ftlsec)! (mls) .(ftlsec)

I (mm) I (in) I (mm) I (in) I I I
IReno Mattresses 150

I·
6 70 -100 I 3-4 I 85 I 3.5 I 3.5 I 11.5 I 4.2 I 13.8

.70 -150 I 3-6 I 110 I 4.5 I 4.2 I 13.8 I 4.5 I 14.8 I
! 230

I
9 70 -100 I 3-4 I 85 I 3.5 i 3.6 I 11.8 I 5.5 18.0 I

I 70 -150 I 3-6 , 120 I 4.5 I 4.5 I 14.8 I 6.1 I 20.0 II
iGabions or I 300

I
12 70 -120 I 3-5 I 100 I 4 I 4.2 I 13.8 I 5.5 I 18.0 !

I 100-1501 4-6 I 125 I 5 I 5.0 I 16.4 I 6.4 21.0 IIGabion Mats

6 I ! 19.0 i 7.6 24.9 IjGabiOnS I
500

I
18 100 -2001 4-8 I 150 I 5.8 I

120 - 2501 5 - 10 I 190 i 7.5 I 6.4 I 21.0 : 8.0 26.2 I,
trrt fOr Frtluce nlJtl'll)8B s .J ;

where, CO is .the Shields coefficient (equal to

0.10); ._- ro~k(IkI'I)
r := unit weight of the~ . v

r: = ~ weight of water (:J.r.lP·) (-kft)... .
d := median size of the filling ~qcks I' 'J. A· '... .'

'" d r"" -y' "" ~. .A.cf 1b :::~ .-;1 ~IAX In )# =o~-~w')=11.1 ./ .. :. .' '. ... .
The check is satisfied when the hy c sliear Rgurw 60 - unmg thlt:lcn~needs to~ 1.'x mu rock~

~s, r'. is less than the critical shear stress, r'o:. less than 12 inches.
The Shields coefficient for gabions is approxi-
mately 0.10, for rip rap it is reduced to 0.047.
1bis means that for any given hydraulic condi­
tion the average size of the rocks needed in
gabion mattresses is roughly one third of that
required for rip rap (Figure 59).

Dr -·· ~• ~ ... r,.

.. I '. '-6.20 I) ,..;....r I
~'.;.: ;.... r~ 1', ~. ~ ~~ /.'.(::•. : r .}I·~ ) t· J br.~...'_.•..•. LJ•• :. ". _..•. - "2 . 'J .>V

~, I· ,. 11 • I





Hydrology Maps

The following maps are provided:

• Interior Drainage Watershed Map

• A copy (24 x 36) of the White Tanks/Agua Fria ADMS Drainage Area Map
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EXHIBITB= =

Proposed Construction Plans

The construction plan set: Bullard Wash Channel Improvement Project (FeD 98-15), Final

Submittal, dated September 198p, is submitted under separate cover..,...





EXHmITC
Proposed Floodway Work Maps

Two detailed maps are provided. One showing the floodplain limits at the upstream end of this
project and how the proposed floodplain ties into the FEMA regulated floodplain. The second
map shows the new ponding limits caused by the interior drain located north east comer of the
intersection of the BID and the proposed Bullard Wash Outfall Channel. Refer to Figure 7.1 for
the proposed and existing floodplain map of the entire area.
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1 inch = 400 ft.
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BULLARD WASH OUTFALL CHANNEL
UPSTREAM FLOODPLAIN

Wood, Patel & Associates, Inc.
1550 East Missouri, Suite 203
Phoenix, Arizona 85014 (802) 2 -1344

/ / /' DRAWN BY. dtp ..(]I HI) 96464

'l'.'// DATE. 22-SEP-98 REV. EX~ IBIT C1.', /,. / '-----L-----.&--------"""'i:--
//".~ ,.' fl' .~.J~1""· ,,~.LJ ' ..,,;,.' ( ..~; r r-....·t~/f~>7"·
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NOTE' REFER TO FIGURE 7.1

MAP SOURCE' 400 Scale 2 ft CI
FLOIJDPtA1N MAP (Sheet 55)
The W'L B Group, i 992
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