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APPENDIX C.1 

SUN VALLEY PARKWAY 
ROADWAY & CULVERT AS-BUILT DOCUMENTATION 

ALTA/ ACSM LANDTITLESURVEY 
SUN VALLEY SOUTH 

Prepared By: DEl Professional Services, LLC., April 2006 

*Provided only for the Reviewer's information, these as-builts; .-. ·. · ·. 
were not employed for the study of Alluvial Fan 39* 
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NOTES 
1. THiS SURVEY IS BASED ON STEWART TITLE INSUR.~NCE COMPANY ORDER NO. 06100160 DATED 

JUNE 13, 2006 A.T 5:00 P.M. 1ST AMENDED 

2. SCHEDULE B ITEMS 1 -3 ,\ND 27 ARE BEYOND THE REVIEW AND SCOPE OF THIS SURVEY. 

3. THIS SURVEY CONTAINS OPTIONAL TABLE "A" ITEMS 1, 2, 3. 4, 5, 7(o), 8, 9, I 0, 11, 13, 

14, 15 .AND 16. 

4. THE SURVEYOR'S REVIEW OF DOCUMENTS REFERENCED IN THE TiTLE REP OR' AS SCHEDlLE "B" 
ITEMS IS LIMITED TO THE SURVEYOR'S SCOPE OF-SERVICSS AS IDENTIFIED IN THE CERTIFICAT,ON 
HrREON ADDITIONALLY THE SuRVEYOR'S SCOPE<JF--,Sf:RVICES iS LiMITED TO F•RQi/IDINC SERVICES 
IN A MANNER CONSISTENT WITH THE DEGREE OF CARL ,\ND SKILL ORDiNARii_Y EXERCISED BY 
MEMBE.RS QF THE SAME PROFESSION CURRENTLY PRACT!C1NC UNDER SIMILAR CONDITIONS. 
SCHEDULE "B" ITEM DOCUMENTS MAY CONTAIN ENCUMBRANCES WHICH AFFECT 'HE SUBJECT 
PROPERTY WHICH THE SURVEYOR _IS NOT QUALI"IED TO INTERPRET AND/OR -~RE NOT WITHIN THE 
SURVEYOR'S SCOPE-OF-SERVICES, IT IS RECOMMENDED THAT INTERESTED .AND AFCECTED PARTIES 
OBTAIN CONSlLTATION WITH QUALIFIED LEGAL COUNSEL RELATIVE TO THE INTERPRETATION OF ALL 

SCHEDULE "B" DOCUMENTS REFERENCED IN THE TITLE REPORT. 

5. VISIBLE SURFACE UTILITIES WITHIN SUBJECT PARCEL ARE SHOWN HEREON. NC RECORD MAPS 
FROM UTILI'Y OC'ERATING AGENC;ES WERE REVIEWED. LOCATION OF UNDERGROUND UTIUT!ES ARE 

UNI<NOWN. 

6. PURSU!INT TO TABLE "A", ITEM NUMBER 6, THE SUIWEYOR HAS PRESENTED SETBACKS, rlE'GHT 
AND BULK RESTRICTIONS OF RECORD AS IDENTiFIED IN THE TITLE REPORT REFERENCED IN THE 
CERTIFICATION HEREON, OR AS PROVIDED TO THE SUR'/EYOR BY THE LOCAL AGENCY OF 
JURISDICTION RELATiVE TO THE EXISTING OR I"ROPOSED USE IDENTIFIED HEREON-AND TO THE BEST 

OF THE SURVEYORS KNOWLEDGE THE EXISTit"G (OR PROPOSED USE IDENTIFIED HEREON) MEETS 
THESE EXISTING REQUIREMENTS AND RESTRICTIONS. HCWEVE.R, OTHER RESTR!CTIOiiS MAY APPLY. 
INTERESTED AND AFFECTED PARTIES SHOULD SEEK CONSULTATION FROM AN ATTGRNEY OR DESIGN 
PROFESSIONAL QUALIFIED TO INTERPRET AND ICJENTIFY SUCH OTHER BUILDING CODE OR ZONING 
RESTRICTIONS. 

SCHEDULE "B" __ , ___ . 

PROPERTY IS SUBJECT TO EASEMENT FOR ELECTRICAL POWER TR!>.NSMISSION LINE .AND ACCESS AND 
MAINTENANCE ROAD AND RIGHTS iNCIDENT THERETO, AS SET FORTH IN INSTRUMEN'I RECORDED IN 

DOCUMENT NO. 85--411065.(iTEM IS PLOTTED HEREON) 

PROPERTY IS SlBJECT TO EASEMENT FOR ELECTRICAL TRANSMISSION LINE AND ACCESS ROAD 
RIGHT-OF-WAY AND RIGHTS INCIDENT THERETO, AS SE:T FORTH IN INSTRUMENT REC:ORDED IN 
DOCUMENT NO. 85 411067. (DOCUMENT DOE'.S i~OT ?RGVIDE GEOM:O:TPIC INFORMATION TO 
DETeRMINE >icE LOC.~TION OF :HE 150' WIDE ELECTRIC EfiSfJviEIH. IT DOES INDICATE i\N EASEMENT 
50' IN WIDTH WHICH COVERS TilE Mi''NTE~I~NCE ROAD cOR THE eLECTRIC LINE WHICH L'ES 
OUTSIDE OF THE ORIGiNAU_Y APPROVED 150' WIDE EASEMENT (ITEI'-" ;s PLOTTED HEREON)) 

PROPERTY IS SUBJECT TO EASEMENT FOR 230 KV TRANSMISSION UNE AND RIGHTS iNCIDENT 
THERETO, .AS SET FORTH IN INSTRUMENT RECORDED IN DOCUMENT NO. 85--41 i069. (ITEM 

IS PLOTIED HERsON) 

PROPERTY IS SUBJECT TO EASEMENT F'OR ELECTRIC POWER TRANSMISSION LINE AND ACCESS AND 
MAINTENANCE AND RIGHTS INCIDENT THERETO, AS SET "ORTH IN INSTRUMENT RECORDED IN 

DOCUMENT NO 85-411077. (ITEf,1 IS PLOFED HEREOhl) 

PROPERTY IS SUBJECT TO RESERVATIONS CONTAINED IN THE PATENT FROM ThE UNITED STATES OF 
AM[':RICA. RECORDED IN DOCUMENT 86-1' 1064 RFADING AS FOLLOWS: EXCEPTING AND RESERVING 
TO THE UNITED ST,\TES 

I. RIGHTS-OF-WAY THEREON FOR DITCHES AND CANALS CONSTRUCTED BY THE AUTHORITY OF 
THE UNITED STATES ACT OF AUGUST 30, ':890, 26 STAT. 391; U.S.C. 945 

2. A RIGHT-OF~WAY FOR ELECTRIC TRANSMISSION LNE A.ND ACCESS ROAD PURPOSES FOR 

WESTERN AREA POWER ADMINISTRATION AS TO SW1/4NW1/4, N1/2SW1/4, SE1/45W1/4, 
SW1/4SE1/4 OF SEC.3, LOTS 1, 2, SE12/4NE1/4 OF SEC. 4 UNDER SUBSECTION P, SECTION 4 
OF THE ACT OF DECEMBER 5, 1924, 43 STAT. 704, 43 US.C. 417 (PHX-080582). 

3 .. OIL AND GAS LEASES A-12763. A-12764, i\12765, A-12766, A-12767, A-12768, A'-12770, 
1:'771, A-12773, A--12776, A--12778 AND A-12783 AND ANY AUTHORIZED EXTENSIONS 
THEREOF. (DOCUMENT CONTAINS NUMEROUS TVPOS)(THE ABOVE THREE ITEMS CONTI\IN NO 

PLOTTABLE INFORMATION) 

PROPERTY IS SUBJECT TO TERMS AND CONDITIO~!S AS CONTAINED iN INSTRUMENT ENTITLED 
GRANT OF EASEMENTS, RECORDED IN DOCLIMEt\T NO. 86-111065. (ITEM IS PLOTTED HEREON) 

PROPERTY IS SUBJECT TO TERMS AND CONDITIONS .AS .CONTAINED iN INSTRUMENLENTITLED 
NON-EXCLUSIVE EP.SEMENT FOR ROADWAY AND UTILITIES, RECORDED IN DOCUMENt NO 86'-162438. 

(ITEM :s PLOTTED HEr:(EQt') 

PROPERTY IS SUBJECT TO TERMS AND CONDITIONS AS CONTAINED IN iNSTRUfAENT ,HlTITLED 
NON-EXCLUSIVE EASEMENT FOR ROADWAY AND UTiliTIES. RECORDED IN DOCUMENT NO. 
86-162.439. (iTEM IS PLOTTED HE"t:ON) 

PROPERTY IS SUBJECT TO TERMS AND CONDITIONS AS CONTAINED IN INSTRUMENT ENTITLED ~JON-::XCLUSIVE 
EASEMENT FOR ROADWAY AND UTILITIES, RECORDED IN DOCUMENT NO. 86-167406; (PLOTTED HEREON) 

PROPERTY IS SUBJECT TO TERMS AND CONDITIONS A.S CONTAI,~ED li'J INSTRUMENT l;:NTI1LED NON-EXCLUSIVE 
EASEMENT FOR ROADWI'.Y A~ID UTILITIES, RECORDED IN DOCUMENT NO. 87-194081 (DOCUI~EN f CONTA.INS 

8EOMETR~C ERRORS /l.ND IS NOT PLOTTJIBLE) 

~ PROPERTY IS SUBJECT TO EASEMENT FOR HIGHWAY PURPOSES AND RIGHTS INCIDENT THERETO, AS SET FORTH 
<:..::> IN INSTRUMENT RECORDED IN DOCUMEIH NO. 87-104082 (CONTAINS NO PLOTTABLE INF'ORM.~TION) 
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PROPERTY IS SUBJECT TO [,\SCMENT FOR SLOPE, DRAINAGE .~ND PONDING MID RIGHTS INCiDENT TdERETO, AS 
SCT FORTH IN INSTRUMENT RECORDED IN DOCUMENT ~10. 87-194096. (GEOMETRIC DATA IS ILLEGIBLE, ITEM IS 
SHOWN APPROXIMATELY ONLY HEREON) . 

PROPERTY IS SUBJECT TO EASEMENT FOR SLOPE, DRAINAGE .~NO PONDING AND RIGHTS INCIDENT THERETO, AS 
SET FORTH iN INSTRUMENT RECORDED IN DOCl)tviENT ~10. 87-194097. (GEOMETRIC D~.TA IS ILLEGIBLE, ITEM IS 

SHOWN APPROXIMfl.TELv ONLY HEREON) 

PROPERTY iS SUBJECT TO EASEMENT FOR SLOPE, DRAINAGE AND PDNDING AND RIGHTS INCIDENT THERETO, AS 
SET FORTH IN INSTRUMENT RECORDED IN DOCUMENT i'W 87--194115c (GEOMETRIC.DATA !S ILLEGIBLE, ITEM IS 

NOT PLOTTED\ 
' 

(JS\ PROPERTY IS SUBJECT TO MATfERS CONTAINED tN T!-iAT CERTAIN EXHIBIT RECORDED IN BOOK 309 OF MAPS, 
'-':'l PAGE 12. (GEOMETRIC DATA IS 'LLEGifJi[, ITEM IS NOT PLOTTED) 
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PROPERTY IS SUBJECT TO TERMS AND CONDITIONS AS com AIND I!" INSTRUMENT [1·-FITLED RDf-VEL.OPMEN l 
AGREEMENT, RECORDED iN DOCUMENT NO. 2000--787997, THERE,<\FT[R CRDiNAN,~E NO 85-00 R~CORDED IN 
DOCUMENT NO. 2000817597,THEREAFTER ACKNOWl.EDGMENT RECCRD!:D l~l DOCUioiENT NG. 2003-1177934 J\ND 

IN DOCUMENT 2004-0026791. (ITEM IS BLANKET IN I' A TURE! 

PROPERTY 5 SUBJECT '0 TER,VS A I'D CONDiTIONS A.S COf\1 AI NED IN l~ISTRUME~lT ENTITLED GR1\NT CF 
EASEMENTS, RECORDED IN DOCUMe.NT NO. 93-.862380, THEREAf-TER THE EFFECT OF AGREEMENT DF 
PARTIA.L TERMINATION OF EASEMENT RECORDED IN DOCUMENT NO. L0 1J"--L57.3l'8'·. i"'HJ ii['!ZDN, 
POSS:BLE ABANl'ONMENT OF EASb'v1-ENT PER DOCUtv1EN r \JO_ 2004--·, :!;13981) 

c:o. PROPERTY IS SUB,IECT TO TERMS AND COND'TIONS .AS CONTAI''ED i>; INSTRUM['JT FWI TLf]) Wi\TFR ALI.ClCATION 
@> AGREEMEN-;·, RECORDED IN DOCUMENT NO. 2005-398954. (!T[~~ !S BLI\hK[T !I\ _I·U\ TUR[) 

PROPERTY IS SUBJECT TO TERfAS A>~D CONDITIOeiS AS CON !.1\!NF:D iN I~6TRUMEN1 EN!ITLED WE'-L 
DEVELOPMENT ,1\ND SEPARATiON AGREEMENT, RECORDED IN DOCLMEN' NO. 2000';-1421770 AND RERECORDED 
IN DOCUMENT NO. 20051532394 (!TE'! IlPPe ;IRS >clLA\IKE; N N.', 'U~F) 

PROPERTY IS SUBJECT TO TERMS AI~D CONDITIONS AS C0'1TA:NED li'' 'NSTRUIAUH ENT TLED RESTRICTIVE 
COVENA.NT REGARDING EXEMPT WELLS, RECORDED IN DOCUMI0 NT NO. 2005- H-21 iT M<J RERECORDED 

IN DOCUMENT NO. 2005' 53239S (ITUA APPEARS 1.3LP.NKE' '~I NAfU,if) 

f:26'. PROPERTY IS SUBJECT TO ORDINANCE NO. 19-06 RECORDED IN OOCUMEr-.JT NO. 2006-405890 ('TEV, IS 

CJ BL/\NKE' IN N.ATJRE) 

PROPERTY IS SUBJECT TO TERMS AND CONDI'TIONS AS CONTAiNED li·1 iNS'RU~![NT ENTITLED 
MEMORANDUM OF AGREEMENT FOR THe LOCATION AND DEVELOPMENT OF FUTJR~ WE:LLS, o;:ECORDED IN 
DOCUMENT NO. 2006--513033 M.C.R. (ITEM IS BLANKET IN NATURE) 

PROPERTY IS SUBJECT TO ALL MATTE"S CONTAINEO IN THAT CERTi',iN RIGHT-OF-WAY M,~P FOR 
SUNVALLEY PARKWAY AS DISCLOSED IN BOOK 33 OF RO.t,D M.~0S, PA.GE 4 M.C.~. (ITEM :s PLOTTED 

HERO:ON) 

PROPERTY IS SUBJECT TO THE FOLLOWING M!ITTER(S) DISCLOSED BY SURV~Y 01 SAID LAND BY DEl 
PROFESSIONAL SERVICES, L.l,C., JOB NO. 060.32, DATED LAo:T REVISED JUNE 9, 2006: 

a. OVERHEAD ELECTRICAL LINE RUNN'NG THROUGH A PORTION OF P;\RCEL NO. 1. 

b. PIPES. BOX CULVERTS WITH BARRELS PARCELS 1 AND 2 

c. WIRE FENCES RUN THROUGH PARCELS 1 AND 2. 
(ITEMS ARE PLOTTED HEREON) 

l F-G.AL DESCRIPTION 
PARCEL N0.1: 

THAT PORTION Of- THE WEST HALF OF SECTiON 4, TOWNSHIP 2 NORTf-', RA.NGE 4 WEST OF THE GILA AND S,.;LT ~1\IER 
MERIDIAN, MARICOPA COUNTY, ARIZONA, BEING MORE PART!CULA.RLY D~SCRIBED AS FOLLOWS: 

BEGINNING A.T A FOUND M.C.H.D BRASS CAP IN .A HANDHOLE A.CCEPTED i\S THE t>;ORTHWEST CORNER OF S.~iD 
SECTION 4 FROM WHICH A FOUND IRON PIN WITH A G.L.O. BRASS CAP A,CCEPTE:D AS THC: NORTH OUARTER CORNER OF 
SAiD SECTION BEARS NORTH 89 DEG.%ES 42 tv''NLITES 1::. SECONDS WEST A DiSTANCE OF 2643 26 FEET; 

THENCE ALONG THE NORTH LINE OF THE NORTHWEST QUARTER, NG!\TH 89 DEC2EES 42 MIN!JTFS 1.3 SECONDS WEST A, 
DiSTANCE OF 2005.26 FEET; 

THENCE PARALLEL WITH .AND 638.00 FEE'T WES' OF THE NORT~-SOUTH MID-SlC710N HJE. SOUTH 00 ::>EGREES .'50 
MINUTES 59 SECONDS WEST A DISTANCE OF 3066.14 FEET; 

THENCE SOUTH 38 DEGREES 38 MINUTES 03 SECONDS EAST A DIS1 ANCE Of /.~lC 72 FEET; 

THENCE PARALLEL WITt' AND 145.10 FEET WEST OF THE NOIHH-SOUT'-1 MID-SEC'i!ON IAIE, SOU7H 00 DEG<;;EES 30 
MINUTES 59 SECONDS WEST A DISTANCE OF 1613.74 FEET TO A PCINT ON Trll SOUTH UNE OF THE SOUTHWES' 

QUA.RTER; 

THENCE ALONG SAID SOUTH LINE OF SAID SOUTHW~ST QUAPTER, SOUTH 89 iEJREES 49 MiNU 7 ES 30 SECONDS WEST 
A DISTANCE OF 2549.59 FEET TO THE SOUTHWEST CORNER OF SAID SE:CTION 4; 

THENCE ALONG THE WEST LINE OF SAID SOUTHWEST QUARTER, NORTH 01 DEGREES 04 MINUTES 04 SECONDS E'.ST A 
DISTANCE OF 2655.46 FEET TO THE WEST QUARTER CORNER OF Sft,ID SECTION 4; 

THENCE ALONG THE WEST LINE OF THE NORTHWEST QUA~TER. NORTH 0'1 flEGR'cES 04 MiNUTES 17 SECONDS EA:>T A 
OISTANCE OF 2653.16 FEET TO THE NORTHWEST CORNER OF SAID SECTION 4 Mm BEING WE POINT OF BECIN~i"G 

PARCEL N0.2: 

THAT PORTION OF THE EAST HALF OF SECTION 5 AND THE EAST HALF OF SECTIOI' 8: ALL IN TOWNSHiP 2 NOR-Ti, 
RANGE 4 __ WEST OF THE GIL,A AND S.ALT RIVER MER_IDIAN. Mfi,RICOP( COUNTY, ARIZ0i'IA; BEING MORE PMHICULAR Y 
D!::SCRIBED AS COLLOWS: . 

COMMENCING AT A FOUND BRASS CAP 'N A H.ANDHO!.E .ACCEPTE0 AS THE NORTHEAST CORNER OF SA!D SECTIO~ 5 
FROM WHICH A FOUND BRASS CAP IN A HANDHOLE ACCEPTED AS THE EAST QJARTER CORNER OF SAID SECTION 
BEARS SOUTH 01 DEGREE 04 MINUTES 17 SECGeJDS WEST A DISTANCE OF 265:i 16 FEET; 

THENCE A~ONG THE EAST LINE OF THE NORTHE.ASi QUAR7 ER OF SAID SECTI00i 5, SOUTH 01 DCGREE 04 M1'1UES 17 
SECONDS WEST A DISTANCE OF 819.56 FEET TO THE POINT OF BEGiNr~ING, 

THENCE CONTINUING ALONG SAIC. EAST LINE, SOUTH >J1 DEGREES 04 MINUTES 17 SECONDS WEST A DISTANCE SF 
1833.61 FEET TO THE EAST QUARTER CORNER OF S.A!D SECTiON 5; 

THENCE ALONG THE EAS·r LINE OF <HE SOUTHEAST QUARTER OF S!\10 SECTION 5, SOUTH 01 DEGREES 04 MINU TS 04 
SECONDS WEST A DISTANCE OF 265546 FEE'r TO THE SOUTHEAST CORNeR OF SI\ID SECTION 5 .LIND BEiNG THE 
NORTHEAST CORNER OF SAID SECTION 8; THENCE ALONG THE EAST LINE CF :1•E ·'JORTHEAST OU.ARTER Of SAID 
SECTION 8, SOUTH 00 DEGREES 13 MINUTE.S 09 SECONDS CAST II DISTANCE Of ?64812 FEET TO THE EAST Ol4RTER 
CORNER OF SAID SECTION 8; 

THENCE /\LONG THE EAST LINE OF_ THE SOUTHE,~ST QUARTER or S;\ID SECT: ON 8, SOUTH 00 DEGREES 10 MINU-ES 59 

SECONDS EAST A DISTf,NCE OF 1_36642 FEET; 

THENCE SOUTH 00 DEGREES 48 MINUTS 59 SECONDS WEST A DIS-Ai';CE OF 2A9.88 FEE' TO THE BEGINN:NG Of- A 
CURVE CO~ICAVE NORTHEASTERLY, HAVING A RADIUS OF 2000.00 F~ET; 

THENCE NORTHWESTERLY ALONG SAID CURVE THROUGH A CFNTRM ANGLE OF 12 DE(;R.EES 01 MINUTES 05 SECONDS 
AN ARC LENGTH OF 2513.90 FEET TO A POINT OF NON-TANGENCY BE'I,iG A ?CliNT ON THE NOI!!('H LINE OF THE 
SOUTHEAST QUARTER OF SAID SECTION 8; 

THEI'<CE Ai_ONG SAID NDRTH LINE, NORTf-< 89 DEGREES c5 MiNl:TES HJ SLCCNDS WEST A DISTI\NCE OF 502.53 !TET TO 
THE CENTER OF SAID SECTION 8; 
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THENCE ALONG THE WEST UNE Or THE NORTHEAST QUARTER OF SAID SECTION 8, NORTH 00 DEGREES 04 MiNUTES 16 
SECONDS EAST i\ DISTANCE OF 2646.01 FEET TO THE NORTH QUARTER CORNER OF SAID SECT'ON 8 Ai\ID BEING THF: 
SOUTH QUARTER CORNER OF Si\ID SECTION 5; 

THENCE NORTH 00 DEGREES 04 MINUTS 16 SECONDS EAST A DISTANCe: OF 1474.03 FEET; 

THENCE SOUTH 89 DEGREES 55 MiNUTES 4A SECONDS EAST A D:STANCE OF 4'6.81 FEEl; 

fHENCE NORTH 01 DEGREES 04 MINUTES 17 SECOI-,[)S [AST A DISTANCE OF 1048.05 FEET TO THE BEGINNING OF l\ 
CURVE, CONCAVE SOUTHEASTERLY, HA \liNG A R;\DIUS OF 2000.00 FEET; 

THENCE NORTHEASTERLY ALONG SAID CURVE T~RCUGH A CEN'RAL ANGI.E OF 90 DEGREES 00 MitiUTES 00 SECONDS 
AN ARC LENGTH OF 3141.59 FEET TO ~. POINT OF TANGENCY: 

THENCE SOUTH 88 DEGREES 55 MII,UTES 43 SECCNDS EAST A DiSTANCE OF 250.00 FEET TO A. POINT ON THE EAST 
LINE OF THE NORTHEAST QUARTER OF SAID SECTION 5 AND BEING THE POINT OF BEGI~INING. 

BENCHMARK/TOPOGRAPHY NOTES -- - ~ -~ -~--~---

THE BENCHMARK FOR THE TOPOGRAPHIC SPOr EL2/ATIONS SHOWN HERECN IS 
BASED ON NGS DATA. PID-AJ3842, DESIGNATIO·~-'cDH1, ELEVATION 1287 30 
FEET (Ni\VD 88) DESCRiBED AS AN ALUiv11Nl:M CAP IN A 5 iNCH PVC SLEEVE 

NOTE: 

THE CONTOURS SHOWN HEREON WERE SUPF'LIEC BY -:-HE CLIENT THE 
VERTICAL REFERENCE IS UNKNOWN. BASED ON THC BENCHMARK LISTED A.BOVE 
AND DE' FIEl.D MEASUREMENTS THE CONTOUR [LEVAT:tJNS ARE WITHIN 0.22 
FEET OF THE FIELD MEASURED LOCATIONS 

SH Er-T 11\JDEX 
SH~ET 2 - OVERALL BOuNDARY 
SHEET 3 - SECTIONS 4 AND 5 SCHEDULE 8 DnJlL 
SHEET 4 - SECTIONS 8 AND 9 SCHEDULE 8 DETl\iL 
SHEET 5 AND 6 - SUN VALLEY PARKW,~ Y SCHEDULE B DETAIL 
SHEETS 7-10 - ROADWAY DETAIL SHt:ETS 
SHEET 11 - OVERALL BOUNDARY AND TOPOGRAPHIC CONTOURS 

ZONE: 
J1CCORDING TO 'THE FLODD INSURANCE RATE MAP #04013C 1545H, DATED 
SEPTEMBER 30, 2005 THIS PROPER1Y 1S LOCATED IN FLOOD ZONE "X": 
AREAS OF 0.2% ANNUAL CHANCE noOD; AREAS GF 1% ANNUAL CHANCE 
FLOOD WITH AVERAGE DEPTHS OF LESS THAT 1 FOOT OR WiTH DRAINAGE 
AREAS LESS THAN 1 SQUARE MILE; AND /l.REAS p:~oTECTED BY LEVEES FROM 
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APPENDIX C.2 

SUN VALLEY PARKWAY 
. CULVERT EVALUATION 

SUN VALLEY PARKWAY CULVERT EVALUATION, APPENDIX C 

Prepared By: Entellus 

*Provided only for the Reviewer's information, this culvert evaluation 
was not employed for the study of Alluvial Fan 39* 
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i Some erosion along Some Vegetation in Some vegetation at 

990135 3.7 miN/ McDowell Rd 206+70 1!RCBC 3x10 roadway channel upstream wash None No major problems None edge of riprap None No major problem 1 1 1 A No m ajor problem 
-· -+ · ---

; No current prob lem. 
! Erosion at headwa ll Some Vegetation in Potential for downcut at Potential for 

; Possible downstream 

14A 3.8 miN/ McDowell Rd 209+30 1!RCP 4x4 and along riprap upstream wash None pipe, nothing currently Minimal None downcutting at pipe 2 I 2 1 B cu tting 
.. 

i 
! 

i 
' ' 

i 

Some erosion along Barbed wire across I 

990136 4.2 mi N/ McDowell Rd 229+50 1!RCBC 3x8 roadway channel None None inlet None None None I No major problem 1 I 1 1 A No major problem 

; 
: Cutting and erosion is 

\ i 
i major problem. Looks 

' Severe erosion and like wash was diverted 
; Upstream riprap i 

i i downcutting: -4-5ft in slightly from natural Headwall entrenched, completely exposed. I 
some places , riprap course and new route fence post completely I and downstream head 

1SA!4 .3 miN/ M c D owell Rd 234+10 
: 

2!RCP 3x3 completely exposed None Minimal is being cut Headwall an iss ue I D wall an issue exposed None None 4 
I 

1 1 
--··-· 

! 
! 

i : i i 

' i 
: 

. ! 
i 

: i I Downcutting occurs in Cutting could be Cutting downstre am 

7657 4.4 mi N/ McDowell Rd 244+40 ' 3IRCBC '3x8 None Minimal None No major problems downstream wash Trees growing at outlet None potential problem 2 1 1 B potential issue 
i 

I 
Cutting along roadway ·-

I 

i channel and fence, 
I some cutting (1 -2 ft) Sediment almost i 

; near inlet, and some complete ly covers Cutting and sediment !Tree growing at outlet, ' Sediment and cutting 

7658 4.5 mi N/ McDowell Rd 246+40 2:RCBC 3x10 cutting in wash Some riprap (-1 -2 ft) deposition main issues None other minor vegetation None Not too bad 2 j 2 2 B potential issues 

i I [ 
Cutting in wash and i sediment and i i 
along fence (Fence Erosion and sediment Heavy vegetation at vegetation issues i 

I 
Upstream cutting 

2 i 7659 4.6 miN/ McDowell Rd 251+00 " 31RCBC 4x10 posts exposed) Minimal Lots of sediment -2 ft major issues Some erosion in wash outlet Lots of sediment downstream 2 2 B potentia l issue 

iTree appears to be : ; 

i I i i forcing water to flow to ! 

i 
' i i I : ! smaller area. . ! 

i Erosion in wash, and at, increasing velocity and Palo Verde tree at I 

headwall due to jLarge Palo Verde tree 
I 

i Minor sediment at base erosion in wash and at I outlet, heavy 
I 

Erosion on wing wall. 

990137l 4.6 miN/ McDowell Rd "254+60- 1: RCBC '4x1 0 uncemented river rock !in wash , of culvert headwall None vegetation !None 2 2 1 c vegetation problems 

·~~~ing at McDowell Rd. is 1 0+00 
Apparent Problem 2-Minor Proble m ' g ' 3 - S i nificant Problem 4-Serious Problem 

***a-Unlike ly to Develop a Proble m, b-Potentia l for D e velopin g Problem, c-Evidence of Problem, d-Significant Problem 3 of 13 
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990138 5 .0 miN/ McDowe ll Rd 273+~3-~0---~---~1-~;'•R~C~B~C~3~x~6--~ri~p_ra~p------------~f_S_o_m_e_v_e~g~e_t_a_ti_o_n ____ ~N_o~n_e~--~----~~-4-fr_o_m __ ro_a_d_w~ay~ch_a_n_n_e_I ~N_o_n_e ____________ -+M __ in_im __ a_I __________ -+N_o_n_e _______________ +N __ o_m_a~j~or~p_r_o_b_le_m _____ +---2-+--1-+--1-+ __ A~_N_o_m __ aJ~·o_r_is_s_u_e ______ 4 

I
' i Lots of sediment, 1 ; 

1 Extremely vegetated w/ barrel almost No defined wash. j 

i Palo Verde trees and completely blocked, Vegetation could Large Palo Verde trees Large Palo Verde's and i 
! bushes. Inlet a lmost others -1 .5-2 ft of potentially completely and other vegetation at vegetation could be an 

7660 5.1 mi N/ McDowe ll Rd 277+ 70 4. RCBC 4x1 0 None inaccessible sediment block inlets None outlets sediment in a ll ba ~re ls issue 
~----~~------------------~--···--·-··-~i -

' ! riprap completely Cu lverts have become 

2 2 
vegetation potential 

B problem 

' i All barrels b locked by covered , -2-2.5 ft of almost completely Downcu t and fi ll in Some vegetation at About 1/3 full of ! 
2 2 8 

Upstream vegetation 

292+~Q -.. ~ ____ 4_+: __ R~C~B_C-+_3x_1_0 __ ~s_o_m __ e_c_u_tt_i n~g~in_w __ as_h __ +v_e~g~e_ta_t_io_n __________ +s_e_d_im __ e_n_t __ _________ r i_ne_ff_e_ct_i_v_e ________ -rw_a_s_h ____________ -4_o_u_tle_t ______________ f_se_d_i_m_e_n_t __________ ~------------------J--·1--~-4--~~--rp_o_te_n_t_ia_l _is_s_u_e _______ 
1 7661 5.3 mi N/ M c D ow e ll Rd 

i i Minor erosion at riprap ! 

i ~ and cutting in wash ~;~·. 
2 22A 5.5 miN/ McDow e ll Rd 3 00+ 1 0 ! 1iRCP 2x2 Some cu tting in wash None Minimal only issues None None None No major problem 

----~~~~~~~~---+-----~~~ --- ! i 

! I 
! j 

I i 
I : 

I i 

1 B 
Possible minor erosion 
on upstream side 

i ,i 

i some erosion on 
roadway channel I None 

Erosion on roadway 
channel only issue. 
River rock was placed 
next to riprap, and this 
edge is where eros ion, 
and minor riprap Some vegetation in 

wash 
1 

Erosion on roadway 

990139 5.6 mi N/ McDo w e ll Rd 3 0 3+30 i -- . r 
i 

766:; 6.1 mi N/ M c Dowell Rd 330+20 : 

7663!6.1 miN/ M cDowell Rd 333+40 : 

t,...,.tioning a t M cDowell Rd . is 1 0+00 

1 RCBC 4x10 

isome cutting in wash, 
3!RCBC 13x10 i-2- ft 

I I 

6;RCBC !3x10 None 

Minimal 

Minor vegetation at 
rip rap 

! Some vegetation at 
ledge of rip rap 

.:?- * 1-No Appare nt Problem, 2-Minor Problem, 3-Significant Problem, 4-Serious Problem 

I breakag~ has occurred None 

Lots of sediment. 
riprap completely 
covered, barrels w/-1 - Cutting and sediment 
2 ft sediment deposition main issues None 

Bushes in poorly 
defined wash 

I
. Lots of sediment. 4 

barrels w/-2 ft of 
j sediment, only 1 barrel 

!
re latively clean. riprap 
completely covered 

Culverts have become 
almost completely 
ineffective 

Downcutting at edge of Some vegetation at 
riprap (-1ft) outlet 

*** a-Unlikely to D e v e lop a Proble m , b -Potentia l fo r D ev e loping Proble m, c-Evidence of Problem, d -Significant Proble m 

None 

Minimal 

I 
i 

i 
' 

!Minimal 

No major problem ______ .t 2 __ 1-1-4--1-4 __ B __ f--c_h_a_n_n_e_l o_n_l:..y _is_s __ u_e ____ 
1 

No sign of problems 

Cutting could 
undermine riprap in 
future, 

' 

I 
I 
i 

2 ! 1 

i 
! 
I 

' i 
! i ,' i 
' 2 ! 1 i 

2 B 

3 c 

Upstream cutting and 
sediment potentia l 
issues 

Heavy upstream 
sediment an issue 
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SECTION 1. PROJECT OVERVIEW 

CMX was contracted with the Flood Control District of Maricopa County (FCDMC), 
Arizona to delineate the approximate Zone A 100~year floodplain for White Tank 
Mountains Alluvial Fan 39. The study area lies in western Maricopa county, near the 
town of Buckeye. Fan 39 has formed in the desert piedmont between the western 
slopes of the White Tank Mountains, and the base level discharge point, White Tanks 
Wash. Specifically, the study area falls within a part of Township 2 North, Range 4 
West, Sections 1-9 and 18, as well as Township 2 North, Range 5 West, Sections 1, 
12, 13, and 24. The vicinity map, Figure 1, illustrates where the study area falls 
within Maricopa County. 

SECTION 2. METHODOLOGY 

In accordance with the FCDMC contract, the Buckeye/ Sun Valley Area Master 
Drainage Study served as the source of the hydrologic information used for the Fan 
39 approximate Zone A study. The peak 100-year, 24-hour flow at Fan 39's apex, as 
published in the Buckeye; Sun Valley ADMS, was designated the flow rate upon which 
the approximate Zone A limits would be determined. The 100-year, 6-hour storm was 
also analyzed, but was found to produce a lower peak flow rate at Fan 39's apex. 
Figure 7 shows an overlay of the ADMS drainage area boundaries and concentration 
points on the approximate Zone A limits for Fan 39. Digital copies of the output 
produced by the 6-hour and 24-hour HEC-1 models may be found on CD at the back 
of this appendix. 

The following information summarizes the hydrologic methodology utilized in the 
ADMS. Further explanation of the methodology may be found within the Buckeye/ 
Sun Valley ADMS final reports. 

Hydrologic Method: US Army Corps of Engineers' HEC-1 Flood Hydrograph 
Package, June 1998, Version 4.1 

Hydrologic Model: Buckeye/ Sun Valley ADMS - May 2005 

Initial Loss Rates: Green and Ampt 

Unit Hydrograph Procedure: FCDMC S-Graph 

Channel Routing Method: Normal Depth 

Land Use Data: FCDMC GIS Data 

Soil Data: SUDA SCS Soil Survey (1972 & 1981} 

A summary of the flows published in the Buckeye; Sun Valley ADMS that were utilized 
within this Zone A study are as follows: 

The peak 100-year, 24-hour flow at Fan 39's apex, 3,030 cfs (concentration point 
F3R) was designated the base flowrate upon which the hydraulic limits would be 
analyzed . 
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In light of the geologic and geomorphic characteristics of the Zone A study area, 
different hydrologic and hydraulic study approaches were taken upstream and 
downstream of Sun Valley Parkway. Upstream of the Parkway the flow patterns are 
too dynamic and complex to model individually, therefore a geomorphic analysis 
technique was utilized. 

Downstream of Sun Valley Parkway flow patterns become better defined as wash 
corridors become more incised. As a result, a hydraulic model that analyzes individual 
riverine corridors became appropriate. With this technique the capacity of observed 
incised flow corridors (defined by topography and aerial photography) within Holocene 
formations were used to approximate the flow for the historic capacity of each 
corridor. Cross sections cut through these surficial Holocene geology formations and 
overlying topography were employed for the normal depth flow calculations used to 
estimate the historic flow rate capacity of each wash corridor. The total combined 
flow rate estimated for all three of the primary wash corridors exceeded the apex flow 
rate above the parkway, suggesting a defendable capacity analysis had been 
achieved. 

SECTION 3. HYDROLOGIC SUMMARY 

The input parameters for the approximate Zone A hydrologic analysis are displayed in 
Table 2. 

SECTION4. REFERENCES 

PBS&J (May, 2005). BuckeyejSun Valley Area Drainage Master Study. Prepared for 
the Flood Control District of Maricopa County. 
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PREPARED BY: CMX 
DATE: December 13, 2007 

HEC-RAS Reach 
Upstream HEC-RAS 

Section 

Northwest :1.09 

Northwest :LOB 

Northwest South Branch 2.07 

Central West 3.19 

Central West 3.08 

Southwest North Leg I 4.14 

Southwest North Leg 4.02 

Southwest South Leg 5.14 

Southwest South Leg 5.04 

Southwest South Leg, South Branch 6.05 

Notes: 

• 
Table 8: Hydrologic Summary Table 

(per Croi)S..Sect!on) 

Sun Valley Parkway-
Transition from Alluvial Fan to Riverine Flow Condition <ll 

Cross- Downstream HEC-RAS Cross 
Upstream ADMS Concentration Point 

Section 

:1.09 F3R 

:1.01 F3R 

2.01 F3R 

3.09 F3R 

3.01 F3R 

4.03 F3R 

4.01 F3R 

5.05 F3R 

5.01 F3R 

6.01 F3R 

(1) • Peak flow values downstream of Sun Valley Parkway were determined by analzylng the capacity of the holocene corridors downstream of the parkway. 

)t.CMX 

Q100 
Percentage of Upstream Concentration 
Point's Peak Flow Conveyed In Reach 

500 17% 

250 8% 

250 8% 

1,000 33% 

1.250 41% 

850 28% 

1,050 35% 

850 28% 

200 7% 

650 21% 
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APPENDIX D.1 

HEC-11NPUT & OUTPUT FILES 
10Q-YEAR, 6-HOUR & 

10Q-YEAR, 24-HOUR STORM EVENT 
(Digital Copy) 

BUCKEYE/ SUN VALLEY AREA DRAINAGE MASTER STUDY 

Prepared By: PBS & J, May 2005 
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SECTION 1. PROJECT OVERVIEW 

CMX was contracted by the Flood Control District of Maricopa County {FCDMC), 
Arizona to delineate the approximate Zone A 100-year floodplain for White Tank 
Mountains Alluvial Fan 39. The study area lies in western Maricopa County, near the 
town of Buckeye. Fan 39 has formed in the desert piedmont between the western 
slopes of the White Tank Mountains, and the base level discharge point, White Tanks 
Wash. Specifically, the study area falls within a part of Township 2 North, Range 4 
West, Sections 1-9 and 18, as well as Township 2 North, Range 5 West, Sections 1, 
12, 13, and 24. The vicinity map, Figure 1, illustrates where the study area falls 
within Maricopa County. 

SECTION2. METHODOLOGY 

In general, hydraulic analyses were prepared where riverine flow regime could be 
defined by topography and supported by geomorphic record for each water course. 
The upper limits of Fan 39 were delineated by geomorphic methods to Sun Valley 
Parkway, which bisects the fan. Culverts exist at Sun Valley Parkway to convey storm 
flow to the downstream wash corridors. These culverts discharge flow into three 
independent wash corridors. The corridors, deemed Northwest, Central West, and 
Southwest, convey flows from the active portion of Fan 39 {located upstream of Sun 
Valley Parkway) to the distal limits of the fan formation, White Tanks Wash. 
Downstream of Sun Valley Parkway the Holocene deposits mark the location of 
primary flow corridors for the riverine systems {see Figure 4}. Cross sections cut 
through these surficial Holocene geology formations and overlying topography were 
employed for the normal depth flow calculations used to estimate the historic flow 
rate capacity of each wash corridor. The total combined flow rate estimated for all 
three of the primary wash corridors, below Sun Valley Parkway, exceeded the apex 
flow rate above the parkway, suggesting a defendable capacity analysis had been 
achieved. Hydraulic calculations are included in Appendix E. 

Water surface profile calculations were performed for this approximate Zone A study 
to estimate the normal flow depth and top width at identified cross-sections in the 
study area. The peak flow used was extracted from the ADMS HEC-1 model as 
indicated in the previous section. Weighted Manning's roughness coefficients were 
calculated to characterize each reach within Fan 39. HEC-RAS version 3.1.3 was 
used to produce the hydraulic model. Flow split locations were verified through field 
studies, photo documentation, and topographic interpretation and a hydraulic 
analysis of these flow splits was performed. The hydraulic grade line of each diverging 
corridor and parent stream were estimated at various discharge rates. Energy grade 
line elevations between the parent stream and diverging corridors were iteratively 
balanced until the approximate sum of flow discharged into each diverging corridor 
equaled the parent stream flow rate and parent stream energy grade elevation. 
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Downstream of Sun Valley Parkway cross-sections were cut at appropriate intervals 
along the aforementioned Northwest, Central West, and Southwest Reaches of Fan 
39. Along with the flow rates determined by the Sun Valley Parkway culvert analysis, 
these cross-sections were used to create a HEC-RAS v. 3.1.3 hydraulic model. 
Through this HEC-RAS model, estimates of the water surface elevation and top flow 
width were determined at each cross-section (HEC-RAS output for the west reaches of 
Fan 39 is included in Sections E.1-E.6 of this appendix). 

The downstream limits for this approximate Zone A delineation were established as 
the tie-in points with the effective Zone A for Alluvial Fan 6 for the Northwest Reach, 
and the effective Zone AE White Tanks Wash study for the Central West and 
Southwest Reaches. 

SECTION 3. FLOW SPLIT ANALYSIS 

Potential flow split locations were found by analyzing topographic, geologic and 
geomorphic maps, as well as aerial photos. In total, four split locations were 
investigated in field surveys for the western reaches of Fan 39. Field notes, site 
photos and aerial photos of these locations (Northwest 1, Central West 1, Central· 
West 2, and Southwest 1) can be found in Appendix E.8. Hydraulic analysis for the 
four potential flow splits began by analyzing the capacity in the primary stream. In the 
case of the Central Reach, the primary stream was found to have more than adequate 
capacity to convey the estimated peak flow, Q1oo = 1,000 cfs, in the vicinity of Central 
West Flow Splits 1 and 2 (See Section E7). These results compliment the field 
surveys, during which no signs of signifiCant breakouts were observed at either 
location. "Limit of Study" notes were added to the Annotated FIRM Panels (Figure 6) 
at each of these potential flow split locations to acknowledge that additional detailed 
analysis, which was outside the scope of this study, may be appropriate for these 
areas. 

However, field visits and the hydraulic analysis did identify a lack of capacity in the 
vicinity of Northwest Flow Split 1 and Southwest Flow Split 1. HEC-RAS version 3.1.3 
was employed to perform a flow split analysis by which the peak flow of each 
diverging corridor was determined. 

Cross sections were cut adjacent to one another in the Northwest Reach, and the 
break-out corridor that diverges south, deemed the Northwest Reach South Branch. 
By iteratively dividing the 500 cfs peak flow contained in the upper corridor, and 
comparing the water surface elevation in the adjacent HEC-RAS cross-sections a 
balance was achieved. Specifically, balanced water surface elevations were found 
when 250 cfs was passed down both the Northwest Reach, and the Northwest Reach 
South Branch. This was the flow rate used to delineate each reach downstream ofthe 
flow split. Hydraulic analysis for these reaches is contained in Sections E.1 and E.2. 

A similar hydraulic analysis was performed for the Southwest Flow Split 1 located at 
the divergence of Southwest, South Leg Reach and the Southwest, South Leg, South 
Branch Reach. This analysis determined that 200 cfs and 650 cfs would flow down 
each diverging corridor, respectively. 
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Manning's roughness coefficients (n-values) were determined for each HEC-RAS 
cross-section based on the technique outlined in the Estimating Manning's 
Roughness Coefficients for Stream Channels and Flood Plains in Maricopa County, 
Arizona manual (USGS 1991). The data utilized for the determination of Manning's 
roughness coefficients was obtained through extensive field visits and aerial 
photography. Field notes and photographs are contained within Section E.6. 

The Manning's roughness coefficient (Manning's n value) in open channels represents 
the resistance to flow as a function of a variety of a channel's physical characteristics. 
These characteristics include a channel's bed composition, irregularity, obstruction, 
and vegetation. A brief discussion of the process by which Manning's n values are 
determined is included in this section. For further discussion see Reference 1. 

The composite n value for a channel is determined by evaluating the individual n 
value characteristics for that channel. These characteristics include the channel 
material n value (nb), the degree of irregularity of channel cross section (n1), relative 
effect of obstructions (n2), vegetation (n3), variations in channel cross section (n4), 
and degree of meandering (m). 

Once evaluated, these channel characteristics are lumped to calculate a composite n 
value using the following equation: 

n COMPOSITE= (nb + n1 + n2 + n3 + n4) * m 

The base n ·value reflects the type of bed material or surface roughness. This 
generally ranges from nb = 0.026 for coarse sand to nb = 0.07 for boulder material. 

The degree of irregularity of channel cross section is evaluated by determining the 
degree of side slope erosion and surface irregularity. The degree of irregularity ranges 
from smooth (n1 = 0.000) to severe (n1 = 0.020). 

Obstruction takes into account the occurrence and characteristics of obstructing 
objects within the channel. Stumps, exposed roots, isolated boulders and other like 
objects all constitute obstructions. The adjustment values associated with 
obstructions range from negligible (n2 = 0.000) to severe (n2 = 0.060). 

The vegetation adjustment values take into consideration the type and amount of 
vegetation. Vegetation values range from small (n3 = 0.002) to very large (n3 = 
0.100). 

Variations in channel cross sections takes into account the variability in channel cross 
section size and shape along the length of the channel. Adjustment values range 
from (n4 = 0.000) for slight variability to (n4 = 0.015) for great variability. 

The degree of meandering is the final channel characteristic that is evaluated. The 
range for meandering is from minor (m = 1.00) to severe (m = 1.30) . 
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Manning's n adjustment values used in this approximate Zone A study were estimated 
using the following: 

1. Extensive field reconnaissance at the Zone A study area. 
2. Aerial photography. 
3. The calculation technique outlined in reference 1. 

The method of determining Manning's n values explained above has been applied to 
all cross sections contained in each reach of this study area. In an effort to remain 
conservative, especially in consideration of the interval between cross sections, the 
maximum n value calculated within each reach was selected as representative for the 
entire reach. 

The input parameters for the approximate Zone A hydraulic analysis, including 
Manning's coefficients, are displayed in Table 9. 

SECTION 5. REFERENCES 

U.S. Geological Survey (April1991). Estimated Manning's Roughness Coefficients for 
Stream Channels and Flood Plains in Maricopa County, Arizona 
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Table 9: Hydraulic Analysis Input Parameters 

PREPARED BY: CMX 

X~CMX DATE: December 13, 2007 

Sun Valley Parkway Culvert Crossings-
Transition from Alluvial Fan to Riverine Flow Condition <2> 

Upstream HEC.RAS Cross- Downstream HEC.RAS Cross- "n"Value Upstream AOMS 
Percentage of Upstream 

HEC.RAS Reach 
Secijon 10 Secijon 10 

Thalweg 
Concentration Point 

Concentraijon Polnfs Peak Flow Q100 

Left Bank Main Channel I Right Bank conveyed In Reach 

I 
Northwest 1.09 1.09 39L 0.050 0.045 I 0.050 F3R 17% 500 

Northwest 1.08 1.01 39L ~GQ.a~IN:\'~ :;wi@ljj;j~.~' " F3R 8% 250 

"n" Values Chosen for Reach (1.3) 0.055 0.045 0.055 

Central West 3.19 3.14 398 0.050 0.045 0.050 F3R 33% 1,000 

Central West 3.13 3.12 398 0.045 0.040 0.045 F3R 33% 1,000 

Central West 3.11 3.08 398 1111£%:::. 
. . 

; F3R 33% 1,000 

Central West 3.07 3.03 398 0.050 0.045 0.050 F3R 41% 1,250 

Central West 3.02 3 .. 01 398 0.050 0.045 0.050 F3R 41% 1,250 

•n• Values Chosen for Reach !1. 41 0.055 0.045 0.055 

Southwest. South Leg 5.14 5.05 39G 0.050 0.040 0.050 F3R J 28% 850 

Southwest. South Leg 5.04 5.03 39G, 39M 0.050 0.040 0.050 F3R I 7% I 200 

Southwest, South Leg 5.02 5.01 39M #\U.~I'f', ·~-:~A.~ '<fi{~-~4\, .. L F3R I 7% 200 

•n• Values Chosen for Reach l1l 0.055 0.045 0.055 

Notes: 

(1). To be conservaijve, the Manning's "n" values chosen for each reach represent the largest "n" values found within that reach. 

(2). Peak flow values downstream of Sun Valley Parkway were determined by analzylng the capacity of the holocene corridors downstream of the parkway. 

(3)- The Manning's values selected for the Northwest Reach were also used for the Northwest Reach South Branch. 

( 4) - The Manning's values selected for the Southwest. South Leg Reach were also used for the Southwest Reach North Leg and South Leg, South Branch . 
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APPENDIX E.1 

HEC-RAS OUTPUT 
FOR 

NORTHWEST REACH 
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HEC-RAS OUTPUT 
FOR 

NORTHWEST REACH, SOUTH BRANCH 
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MANNING'S ROUGHNESS COEFFICIENT 
CALCULATION SHEETS & 
PHOTO DOCUMENTATIN 



NORTHWEST REACH 

• 
CMX Approximate Zone A Floodplain Delineation Study 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 
prepared by: 

Thalweg: 
HEC-RAS Reach: 
HEC-RAS Cross-Section I.D. : 

White Tank Mountain Fan 39 Zone A Study 
6359.63 
YLX 

39L 
Northwest 
1.09-1 .09 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 

Smooth 0.000 
Degree of Irregularity Minor n1 0.001 -0.005 

Moderate 0.006-0.010 

Severe 0.011 -0.020 

Neglegible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

Large 0.025-0.050 

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S. G.S. , 1991) 
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Manning's (n) Evaluation 

Project: 

CMX Job No: 

prepared by: 

Thalweg: 

HEC-RAS Reach: 

HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 

6359.63 

YLX 

39L 

Northwest 

1.08-1 .01 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 

Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 

Boulder 0.040-0.070 

Smooth 0.000 

Degree of Irregularity Minor n1 0.001-0.005 

Moderate 0.006-0.010 

Severe 0.011-0.020 

Neglegible 0.000-0.004 
' 

Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020--0.030 

' . . ' Severe 0.040-0.060 

Small 0.002-0.010 

Vegetation Medium n3 0.010-0.025 
.. 

Large 0.025-0.050 
·· - ·· 

Very Large 0.050-0.100 

Gradual 0.000 

Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 

Degree of Meandering Appreciable m 1.15 

Severe 1.30 

n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S. , 1991) 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 
prepared by: 

Thalweg: 
HEC-RAS Reach: 
HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 
6359.63 
YLX 

398 
Central West 
3.19-3.14 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 
Smooth 0.000 

Degree of Irregularity Minor n1 0.001-0.005 
Moderate 0.006-0.010 

Severe 0.011 -0.020 

Neg legible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 
Small 0.002-0.010 . 

Vegetation Medium n3 0.010-0.025 
Large 0.025-0.050 -

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 
Minor 1.00 

Degree of Meandering Appreciable m 1.15 
Severe 1.30 

n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 
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Manning's (n) Evaluation 

• Project: 
CMX Job No: 

prepared by: 

Thalweg: 
HEC-RAS Reach: 
HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 

6359.63 
YLX 

398 
Central West 
3.13-3.12 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

•• 

• 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 
Smooth 0.000 

Degree of Irregularity Minor n1 0.001-0.005 
Moderate 0.006-0.010 

Severe 0.011-0.020 

Neglegible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

Large 0.025-0.050 

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S. , 1991) 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 
prepared by: 

Thalweg: 
HEC-RAS Reach: 
HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 
6359.63 
YLX 

398 
Central West 
3.11-3.08 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 

Smooth 0.000 
Degree of Irregularity Minor n1 0.001-0.005 

Moderate 0.006-0.010 

Severe 0.011-0.020 

Neglegible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 
·small 0.002-0.010 

Vegetation Medium n3 0.010-0.025 
Large 0.025-0.050 

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001 -0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 
prepared by: 

Thalweg : 
HEC-RAS Reach: 
HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 
6359.63 
YLX 

398 
Central West 
3.07-3.03 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 

Smooth 0.000 

Degree of Irregularity Minor n1 0.001 -0.005 
Moderate 0.006-0.010 

Severe 0.011 -0.020 

Neg legible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

Large 0.025-0.050 

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 

0.030 

0.001 

0.004 

0.010 

0.005 

1.000 

0.050 

Channel 
Right 

Overbank 

0 .030 0.030 

0.001 0.001 

0.004 0.004 

0.005 
0.010 

0.005 0.005 

1.000 1.000 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 

prepared by: 

Thalweg : 
HEC-RAS Reach : 
HEC-RAS Cross-Section J.D. : 

White Tank Mountain Fan 39 Zone A Study 

6359.63 
YLX 

398 
Central West 
3.02-3.01 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 

Boulder 0.040-0.070 
Smooth 0.000 

Degree of Irregularity Minor n1 0.001 -0.005 
Moderate 0.006-0.010 

Severe 0.011-0.020 

Neg legible 0.000-0.004 
Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe 0.040-0.060 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

Large 0.025-0.050 

Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001-0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n-(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 

prepared by: 

Thalweg: 
HEC-RAS Reach: 
HEC-RAS Cross-Section J.D.: 

White Tank Mountain Fan 39 Zone A Study 

6359.63 

YLX 

39G 
Southwest 

5.14-5.05 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 

Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 
Boulder 0.040-0.070 

Smooth 0.000 
Degree of Irregularity Minor n1 0.001-0.005 

Moderate 0.006-0.010 

Severe 0.011-0.020 

Neglegible 0.000-0.004 
Effects of. Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 
. ' 

Severe 0.040-0.060 ' 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

Large 0.025-0.050 . . ' . 
Very Large 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001 -0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1 +n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 
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Manning's (n) Evaluation 

Project: 

CMX Job No: 

prepared by: 

Thalweg: 

HEC-RAS Reach: 

HEC-RAS Cross-Section I.D. : 

White Tank Mountain Fan 39 Zone A Study 

6359.63 

YLX 

39G, 39M 

Southwest 

5.04-5.03 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 

Channel Material Gravel nb 0.028-0.035 
Cobble 0.030-0.050 

Boulder 0.040-0.070 

Smooth 0.000 

Degree of Irregularity Minor n1 0.001-0.005 

Moderate 0.006-0.010 

Severe 0.011-0.020 

Neg legible 0.000-0.004 

Effects of Obstruction Minor n2 0.005-0.015 

Appreciable 0.020-0.030 

Severe . 0.040-0.060 

Small 0.002-0.010 

Vegetation Medium n3 . 0.010-0.025 

Large 0.025-0.050 

Very Large . 0.050-0.100 

Gradual 0.000 
Variations in Channel Occationally Alt. n4 0.001 -0.005 

Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n=(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S. , 1991) 
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Manning's (n) Evaluation 

Project: 
CMX Job No: 
prepared by: 

Thalweg: 
HEC-RAS Reach : 
HEC-RAS Cross-Section I.D.: 

White Tank Mountain Fan 39 Zone A Study 

6359.63 
YLX 

39M 
Southwest 
5.02-5.01 

Left 
Channel Conditions Manning's n Adjustment 

Overbank 

Course Sand 0.026-0.035 
Channel Material Gravel nb 0.028-0.035 

Cobble 0.030-0.050 

Boulder 0.040-0.070 
Smooth 0.000 

Degree of Irregularity Minor n1 0.001 -0.005 
Moderate 0.006-0.010 

Severe 0.011-0.020 
Neglegible 0.000-0.004 

Effects of Obstruction Minor n2 0.005-0.015 
Appreciable 0.020-0.030 

Severe 0.040-0.060 

Small 0.002-0.010 
Vegetation Medium n3 0.010-0.025 

' Large 0.025-0.050 
. ·-

Very Large 0.050-0.100 
Gradual 0.000 

Variations in Channel Occationally Alt. n4 0.001-0.005 
Cross Section Frequently Alt. 0.010-0.015 

Minor 1.00 
Degree of Meandering Appreciable m 1.15 

Severe 1.30 
n-(nb+n1+n2+n3+n4)m 

Reference: Estimated Manning's Roughness Coefficeints for Stream Channels 
and Flood Plains in Maricopa County, Arizona (by U.S.G.S., 1991) 
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APPENDIX E.8 

FLOW SPLIT ANALYSIS 
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APPENDIX F 

EROSION AND SEDIMENT YIELD ANALYSIS 
SUPPORTING DOCUMENTATION 

Approximate Zone A Floodplain Delineation Study 



. -~, 

. ' · AYRES 
• ASSOCIATES 

I. 

TECHNICAL MEMORANDUM 

To: Kathryn Gross, Valerie Swick- Flood Control District of Maricopa County, AZ 

From: William J. Spitz, R.G., Anthony Alvarado, E.l., and Jim Schall, Ph.D., P.E. 

Date: October 8, 2004 

Re: Technical Memorandum FCD 2002C027-T2.6.7 
Buckeye/Sun Valley ADMS Sediment Yield Analysis (Subtask 2.6.7) 

The Buckeye/Sun Valley Area Drainage Master Study (ADMS) is being performed for the Flood 
Control District of Maricopa County (District) and the Town of Buckeye under Contract FCD. 
The purpose of the Buckeye/Sun Valley ADMS is to quantify the extent of drainage, flooding, 
and erosion problems, sources, and hazards in the Buckeye/Sun Valley area, and develop 
preliminary solutions to mitigate the identified concerns. Arizona Revised Statutes Title 48, 
Chapter 21, requires the Board of Directors to identify flood control problems and prepare plans 
that, when implemented, will eliminate or minimize flooding problems. 

Task 2.6 represents the Geomorphic Evaluation and Landform Stability Assessment portion of 
the Scope of Work (SOW). The purpose of Task 2.6 is to provide a qualitative assessment of 
potential erosion -and sedimentation hazards of primary washes, lateral and vertical stream 
instability, and piedmont landform stability within the drainage networks of Area 3 (Buckeye 
Structures) and Area 4 (North Sun Valley) of the Buckeye/Sun Valley ADMS watershed. 

1. OBJECTIVE 

This TM documents the methodology and results of the sediment yield analysis performed by 
Ayres Associates and is submitted in fulfillment of Subtask 2.6.7. The objective of Subtask 
2.6.7 was to evaluate the 100-year storm event sediment yield for each of the three Buckeye 
Flood Retarding Structures (FRS). Included in this TM is supporting documentation for the 
analysis with examples of the various calculations used. 

2. INTRODUCTION 

A sediment yield analysis was performed on the Buckeye FRSs #1, #2, and #3 to determine the 
amount of sediment that could be deposited at the base of the structures and could potentially 
result in overtopping. 

3. METHODS 

3.1 Field Data Collection 

Field reconnaissance was performed to locate and measure areas of deposition along the 
FRSs. Sediment samples (Figure 3.1) were taken at various locations and the depths of the 
deposition were estimated. In some places, the outline of the deposition zone was determined; 
otherwise, the deposition area was measured using the 2003 MrSID aerial photography of the 
location. 

Engineers/Scientists/Surveyors 
3665 JFK Parkway, Building 2, Suite 200, P.O. Box 270460, Fort Collins, CO 80527 
(970) 223-5556, Denver Metro (303) 572-1806, FAX (970) 223-5578 
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Figure 3.1 . Bulk sediment sample taken at the downstream end of White Tanks Wash. 

All Terrain Vehicles (A TVs) with utility racks were the main mode of transportation used in the 
field reconnaissance (Figure 3.2). The Trimble GeoXT, which is shown mounted on the ATV in 
Figure 3.3, is part of the Trimble GeoExplorer CE Series, a handheld Windows CE device with 
an integrated Trimble GPS receiver. The GPS system uses the Wide Area Augmentation 
System (WAAS), which was created by the Federal Aviation Administration (FAA) as a free-to
air differential correction service . With Windows CE, the device is capable of incorporating 
mobile Geographic Information System (GIS) field software. The Trimble GeoXT ,provides sub
meter GPS accuracy with the portability of a fully editable mobile GIS database. For this 
project, the software used was ESRI's ArcPad 6.0, which is the mobile form of ArcGIS with 
GPSCorrect. 

Figure 3.2. All Terrain Vehicle used for field data collection . 

,I, IA.~~I C 'ICJIVI .CJ UC.. 

32-0/40.00 
P~ge :~ 0t 2J 



• 

Figure 3.3. The Trimble GeoXT handheld GIS-based GPS unit (arrow) mounted on the ATV. 

Using ArcPad with the georeferenced aerial orthophotography and the GPS Tracking Log, 
photos taken in the field were georeferenced and the sediment sample locations were 
accurately determined. 

• The portability of the Trimble GeoXT for use with the A TVs was accomplished using a GPS
mount placed on the front utility rack of the A TV. The mounted GPS was readily visible and 
allowed for easy tracking of the current location and navigation to a specific site. 

3.2 Measurement of Sediment Deposition Volumes 

The data collected in the field were used to estimate the volume of sediment deposition along 
each FRS. ArcGIS was the GIS software used for the sediment yield analysis. Ten-foot 
contour topography and 2003 MrSID orthophotography were obtained from the District and 
overlaid in ArcGIS. The topography and orthophotography were then utilized to guide the 
delineation and measurement of the actual deposition zones. The volume of sediment 
deposited along each FRS over the past 30 years was then calculated using the measured 
areas and field-estimated depths. Table 3.1 presents the results as well as latitude and 
longitude locations of each major zone of deposition identified in the field or by using the 
orthophotography. If the average depth of deposition were unknown, a conservative estimated 
depth of 1 foot was used . Figure 3.4 shows the FRS Area 3 drainage basins and sub-basins 
with the location of each deposition zone and the active alluvial fans in the area . 

The largest volume of deposited sediment is found along FRS #1, which captures drainage from 
areas that include White Tank Wash and the major active alluvial fans at USGS Sites 36 
th rough 39, as well as two lesser active fans identified in the field and described in Technical 
Memo 2.6.2. The largest contribution of sediment (at Deposition Zone #1) is from the active fan 
area of USGS Site 36 (White Tank Fan). 
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• Table 3 .1. Major Depositional Zones along the Buckeye Flood Retarding Structures. 

# Latitude Longitude FRS Area (ft2) 
Average Volume Total FRS 
Depth (ft) (Ac-ft) Volume 

1 33° 27' 24.07" 112. 44' 38.90" 1 462,168 1.8 19.1 
2 33. 27' 09.13" 112° 43' 27.61" 1 67,577 2.8 4.3 
3 33° 26' 52.34" 112° 42' 13.36" 1 123,181 1.0 2.8 
4 33° 26' 19.52" 112° 39' 48.39" 1 11,688 2.0 0.5 44.6 
5 33° 26' 08.85" 112. 38' 52.28" 1 72,852 2.5 4.2 
6 33° 26' 02.85" 112° 38' 24.23" 1 11,456 1.0 0.3 
7 33° 26' 03.45" 112° 36' 27.09" 1 584,376 1.0 13.4 
8· 33° 26' 25.95" 112° 35' 43.98" 2 24,080 1.0 0.6 
.9 33° 26' 24.04" 112° 34' 37.43" 2 11,358 1.5 0.4 2.7 
10 33. 26' 33.42" 112. 34'18.61" 2 6,276 2.0 0.3 
11 33. 26' 34.75" 112. 34'17.19" 2 21,032 2.8 1.4 
12 33° 26' 55.39" 112. 33' 17.48" 3 29,545 1.0 0.7 
13 33. 27' 03.79" 112. 32' 48.39" 3 6,879 2.5 0.4 
14 33° 27' 02.17" 112. 32' 39.78" 3 10,773 2.0 0.5 3.0 
15 33. 27' 03.08" 112. 32' 37.44" 3 11,930 2.0 0.5 
16 33° 27' 36.36" . 112° 31'41 .74" 3 9,265 3.0 0.6 
17 33. 28' 01.80" 112° 31' 31.98" 3 23,291 0.5 0.3 

• 3.3. Initial Comparison With the Original FRS Study 

• 

The only previous sediment yield study completed on the Buckeye FRSs was conducted on the 
area at the east edge of FRS #1 on sub-basin 01 (Figure 3.5). This calculation was performed 
in 1974 by the Soil Conservation Service (SCS) using the Universal Soil Loss Equation (USLE) 
method. The study provides an estimated sediment yield of 0 .015 Ac-ft per square-mile per 
year and a volume of deposition over 25 years equal to 6 Ac-ft (Table 3.2). This equals an 
average annual sediment storage in sub-basin 01 of 0.09 Ac-fVmi2/yr. 

Table 3.2. Comparison of 1974 and 2004 Estimated Volume Calculations 'at Sub-basin 01. 

_ Study Deposition Area {ft2
) Volume (Ac-ft) 

Sediment Storage 
JAc-ft/mf/yr) 

2004 Measured (Zone #7) 314,353* 7.2 (30 yrs) 0 .09 
197 4 USLE Analysis 440,000 6.0 (25 yrs} 0.09 
*The western part of Deposition Area #7 falls outside of the sub-basin Q1 and therefore was not included in the comparison. 

Deposition Zone #7, which was an area that was measured in the field in 2004, matches the 
outlet area for the SCS sub-basin 01 . Based on the field measurements of the area, the 
estimated deposition volume that occurred over the past 30 years is 7.2 Ac-ft, which produces 
an average annual sediment storage of 0.09 Ac-fUmi2/yr. 

From the results of this comparison, it can be concluded that the 197 4 analysis of this area was 
reasonable and that some of the same assumptions made in the SCS analysis can also be 
made in the current analysis. 
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3.4 

Figure 3.5. Deposition Zone #7 with sub-basin 01 shown, as well as the portion 
of the area that was not included in the comparison. 

Average Annual Sediment Yield Analysis Using RUSLE2 

The current sediment yield calculations were conducted using the Revised Universal Soil Loss 
Equation (RUSLE). The computer program, RUSLE2, developed by the NRCS, was used to 
perform the analysis. RUSLE has the same form as the original USLE: 

A= RKLSCP 

where : 

A = Average annual soil loss (not the sed iment yield ) 
R = Rainfall erosivity 
K = Soil Erodibility 
LS = Slope length ancl steepness 
c = Cover management factor 
p = Support conservation practices 

Initially , RUS LE 2 was used to calculate the average annual soil loss. However, RUSLE2 can be 
used to estimate storm event soil loss by adjusting tile rainfall erosivity factor (Kelsey 2002) 
The rainfall erosivity value \Nas adjusted to account for the 1 00-year 24- and 6-hour events to 
provide .:m event-based soil loss (see Section 3.5). 
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3.4.1 Rainfall Erosivity 

The R factor represents the rainfall erosivity of the climate at a particular location. The RUSLE2 
climate database was utilized for the rainfall erosivity for the average annual analysis. In the 
USA climate database for Arizona, the erosivity for "Phoenix at point" was used. This rainfall 
erosivity value was 22.6. 

3.4.2 Soil Erodibility 

The K factor represents the base soil erodibility as determined using the soil erodibility 
nomog~aph. The K factor is an empirical measure of soil erodibility that is affected by intrinsic 
soil properties. Soils survey data of the area for RUSLE2 was acquired from the NRCS National 
RUSLE2 Database. The soil data for the drainage area of the three Buckeye FRSs is from two 
soil surveys: the southern part of the drainage area is from a soil survey of the central part of 
Maricopa County (Hartman 1977) and the northern part of the drainage area is from a soil 
survey of the Aguila-Carefree Area (Camp 1986). The soils mapping was also obtained in the 
form of a GIS shapefile, which provides the location and total area of each of the soil types. 
This GIS information was valuable in determining the slope and the total area of each soil type. 

The resulting soil types are shown in Tables 3.3, 3.4, and 3.5. For each soil description there 
were usually two or three soil types associated with it in the RUSLE2 database. For example, 
for the NRCS soil, Carrizo-Gunsight complex, 1 to 5 percent slopes, the user could select either 
"Carrizo gravelly sandy loam" or "Gunsight very gravelly sandy loam." For the purposes of this 
analysis, the soil type that gave the higher soil erodibility was used in the RUSLE2 calculation. 
In this example, "Gunsight very gravelly sandy loam" had a K value of 0.37 while "Carrizo 
gravelly sandy loam" has a K value of 0.32. Therefore, "Gunsight very gravelly sandy loam" 
was the soil type used to define K in calculating the soil loss for Carrizo-Gunsight complex. 

3.4.3 Slope Length and Steepness 

The LS factor jointly represents the effect of steepness, slope length, and shape (convex, 
concave, or uniform slopes) on sediment production. ArcGIS software was utilized to calculate 
the steepness or slope of each soil group using the NRCS soil survey GIS information. Tables 
3.6, 3.7, and 3.8 provide the calculated slopes. Slope length was estimated using the 
calculated slopes. If the slope were 5 percent or less, the slope length input into RUSLE2 was 
200 feet. If the slope were between 5 and 15 percent, the slope length input into RUSLE2 was 
100. If the slope were greater than 15 percent, the slope length input into RUSLE2 was 30 feet 
(Tables 3.6, 3.7, and 3.8). These slope length estimates are based on the estimates made in 
the original 1974 sediment yield study. The shape was assumed to be a uniform up and down 
contouring over the course of the entire area. All three of these variables, the steepness or 
slope, the slope length, and the shape were input into RUSLE2 to calculate the LS factors 
shown in Tables 3.6, 3.7, and 3.8. 

3.4.4. Cover Management Factor 

The C factor, or cover management factor, is the ratio of soil loss from an area with specified 
vegetation and management to that from the fallow condition on which the factor K is evaluated. 
In the original 1974 study, a C factor of 0.3 for desert shrub was used. This was assumed to be 
reasonable and a C factor of 0.3 was used for the current analysis as well . 
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Table 3.3. Soil Groups and Erodibility Values for Buckeye FRS #1 . 
Soil 

NRCS Soil Description RUSLE2 Soil Type Erodibility 
K 

An tho sandy loams Antho sandy loam 25% 0.28 
Carrizo very gravelly sand Carrizo verv gravelly sand 1 00% 0.06 
Carrizo-Gunsight complex, 1 to 5 % slopes Gunsight very gravelly sandy loam 30% OA3 
Cheriono-Rock outcrop complex Cherioni extremely stony loam 60% 0.74 
Chuckawalla-Gunsight compjex, 1 to 8 % slopes Gunsight very gravelly loam 35% 0.57 
Cipriano very gravelly loam Cipriano very_gravelly loam 100% 0.74 
Coolidge-Laveen association Coolidge sandy loam 40% 0.28 
Denure-Momoli-Carrizo complex Momoli gravelly sandy loam 30% 0.43 
Ebon-Gunsight-Cipriano association, 3 to 25 % slopes Gunsight very gravelly sandy loam 20% 0.43 
Ebon-Pinamt complex, 20 to 40 % slopes Ebon very gravelly loam 45% 0.32 
Gachado-Lomitas-Rock outcrop complex, 7 to 55 % slopes Gachado verv gravelly loam 45% 0.43 
Gilman-Antho association Gilman loam 50% 0.37 
Gunsight-Cipriano comQiex, 1 to 7 % sloJ>es Gunsight ve_ty_gravelly_ sandy loam 45% 0.43 
Gunsight-Pinal complex, 1 to 10 % slopes Pinal Qravelly loam 30% 0.37 
Gunsight-Rillito complex, 0 to 10 % slopes Gunsight gravelly loam 40% 0.37 
Gunsight-Rillito complex, 1 to 25 % slopes Gunsight very gravelly_ loam 40% 0.57 
Gunsight-Rillito complex, low precipitation, 1 to 40 % slopes Gunsight very gravelly loam 40% 0.57 
Harqua-Gunsight complex, 0 to 5 % slopes Gunsight gravelly loam 35% 0.37 
Perryville-Rillito complex, 0 to 3 % slopes Perryville loam 35% 0.37 
Pinal gravelly loam Pinal gravelly loam 100% 0.37 
Pinamt-Tremant complex, 1 to 10 % slopes Tremant gravelly loam 35% 0.74 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65% slopes Quilotosa extremely gravelly sandy loam 50% 0.12 
Rillito gravelly loam, 1 to 8 % slopes Rillito gravelly l~am 100% 0 .. 37 
Sai-Cipriano complex, 1 to 10 % slopes Sal extremely gravelly loam 50% 0.37 
Tremant gravelly loams, low precipitation Tremant gravelly loam 35% 0.74 

Table 3.4. Soil Groups and Erodibility Values for Buckeye FRS #2. 
Soil 

NRCS Soil Description RUSLE2 Soil T ype Erodibility 
K 

Antho sandy loams Antho gravelly sandy loam 30% 0.28 
Cheriono-Rock outcrop complex Cherioni extremely stony loam 60% 0.74 
Gunsight-Pinal complex, 1 to 10 % slopes Pinal gravelly loam 30% 0.37 
Gunsight-Rillito complex, 0 to 10 % slopes Gunsight gravelly loam 40% 0.37 
Gunsight-Rillito complex, 1 to 25 % slopes Gunsight very gravelly loam 40% 0.57 
Pinamt-Tremant complex, 1 to 10% slopes Tremant gravelly loam 35% 0.74 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % sloQ_es Quilotosa extremely gravelly sandy loam 50% . 0.12 
Tremant-Rillito complex, 0 to 5% slopes Rillito gravelly loam 30% 0.37 

T able 3.5. Soil Groups and Erodibility Values for Buckeye FRS #3. 

N RCS Soil Description 

Antho-Carrizo-Maripo complex 
Denure-Momoli-Carrizo complex 
Gunsight-Rillito complex, 0 to 10% slopes 
Harqua-Gunsight complex, 0 to 5 % slopes 
Pinamt-Tremant complex, 1 to 10 % slopes 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 
Rock outcrop-Cheriono complex 

Soil 
RUSLE2 Soil T ype Erodibility 

K 
Antho gravelly sandy loam 30% 0.28 
Momoli gravelly sandy loam 30% 0.43 
Gunsightgravelly loam 40% 0.37 
Gunsight gravelly loam 35% 0.37 
Tremant gravelly loam 35% 0.74 
Quilotosa extremely gravelly sandy loam 50% 0.12 
Cherioni extremely stony loam 60% 0.74 
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• Table 3.6. Slope, Slope Length, a nd LS Factors for Buckeye FRS #1. 
NRCS Soil Description Slope Slope Length (ft) 

Antho sandy loams 1.7% 200 
Carrizo very gravelly sand 1.9% 200 
Carrizo-Gunsight complex, 1 to 5 % slopes 2.5% 200 
Cheriono-Rock outcrop complex 21 .6% 30 
Chuckawalla-Gunsight complex, 1 to 8 % slopes 2.6% 200 
Cipriano very gravelly loam 11.4% 100 
Coolidge-Laveen association 1.4% 200 
Denure-Momoli-Carrizo complex 2.2% 200 
Ebon~Gunsight-Cipriano association, 3 to 25 % slopes 7.7% 100 
Ebon-Pinamt complex, 20 to 40 % slopes 12.1% 100 
Gachado-Lomitas-Rock outcrop complex, 7 to 55 % slopes 22.5% 30 
Gilman-Antho association 1.2% 200 
Gunsight-Cipriano complex, 1 to 7 % slopes 4.7% 200 
Gunsight-Pinal complex, 1 to 10% slopes 5.7% 100 
Gunsight-Rillito complex, 0 to 10% slopes 1.9% 200 
Gunsight-Rillito complex, 1 to 25 % slopes 4.0% 200 
Gunsight-Rillito complex, low precipitation, 1 to 40 % slopes 1.5% 200 
Harqua-Gunsight complex, 0 to 5 % slopes 2.2% 200 
Perryville-Rillito complex, 0 to 3 % slopes 1.5% 200 
Pinal gravelly loam 6.3% 100 
Pinanit-Tremant complex, 1 to 10% slopes 5.8% 100 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 35.3% 30 

• Rillito gravelly loam, 1 to 8 % slopes 1.5% 200 
Sai-Cipriano complex, 1 to 10% slopes 3.4% 200 
Tremant gravelly loams, low precipitation 1.4% 200 

Table 3 .7 . Slope, Slope Length , a nd K Fa ctors for Buckeye FRS #2. 

NRCS Soil Description Slope(%) Slope Length (ft) 
Antho sandy loams 2.3% 200 
Cheriono-Rock outcrop complex 24.1% 30 
Gunsight-Pinal complex, 1 to 10% slopes 6.1% 100 
Gunsight-Rillito complex, 0 to 10 % slopes 2.4% 200 
Gunsight-Rillito complex, 1 to 25 % slopes 8.8% 100 
Pinamt-Tremant complex, 1 to 10% slopes 7.4% 100 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 36.2% 30 
Tremant-Rillito complex, 0 to 5% slopes 3.9% 200 

T able 3 .8. Slope, Slope Le ng th , and K Fa ctors for Buckeye FRS # 3. 

NRCS Soil DescriJ:>tion Slope(%) Slope Lenqth (ft) 
Antho-Carrizo-Maripo complex 2.8% 200 
Denure-Momoli-Carrizo complex 4.1% 200 
Gunsight-Rillito complex, 0 to 1 0 % slopes 2.3% 200 
Harqua-Gunsight complex, 0 to 5 % slopes 1.9% 200 
Pinamt-Tremant complex, 1 to 10 % slopes 7.4% 100 
Quilotosa-Vaiva-Rock outcrop complex, 20 to 65 % slopes 37.3% 30 

• Rock outcrop-Cheriono complex 27.8% 30 

LS Factor 
0.24 
0.28 
0.36 
2.00 
0.37 
1.60 
0.20 
0.31 
0.96 
1.70 
2.10 
0.17 
0.70 
0.70 
0.27 
0.57 
0.21 
0.31 
0.21 
0.78 
0.72 
3.20 
0.22 
0.42 
0.20 

LS Factor 

0.28 
0.74 
0.37 
0.37 
0.57 
0.74 
0. 12 
0.37 

LS Factor 

0.28 
0.43 
0.37 
0.37 
0.74 
0.1"2 
0.74 
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3.4.5 Support Conservation Practices 

Support conservation practices were not taken into account in this analysis; therefore, the P 
factor was assumed to be 1.0. 

3.4.6 Average Annual Sediment Yield Results 

The average annual sediment yield analysis was performed for each of the Buckeye FRSs 
(Tables 3.9, 3.10, and 3.11). An average annual soil loss was calculated in RUSLE2 for each 
soil group. Given these results and the GIS calculated total area of each soil group, an area · 

· weighted soil loss for each FRS drainage basin was computed (Table 4.1 ). Channel erosion 
was taken into account as being 20 percent of the total soil loss as assumed in the original 197 4 
study. The sediment delivery, or how much of the sediment loss actually is transported to the 
FRS, was assumed to be 70 percent. The trap efficiency, or how much of the sediment is 
deposited in the FRS as opposed to flowing to the Hassayampa River, was assumed to be 65 
percent. These same assumptions were made in the original 197 4 sediment yield analysis. 
Accounting for these factors provided a final resultant sediment storage value or an estimate of 
how much sediment would be deposited at each FRS. 

The results indicate that the calculated sediment storage is 0.20 Ac-fVmi2/yr for FRS #1, 0.70 
Ac-ft/mi2/yr for FRS #2, and 0.40 Ac-fUmi2/yr for FRS #3. The calculated sediment storage of 
FRS #2 is higher than either of the calculated sediment storages for FRS #1 and #3 because of 
its high slope over a smaller area and aJso because it has a higher percentage of relict fan and 
mountain soil types. The calculated sediment storage of FRS #1 is lowest because of its lower 
average slope compared to the other two drainage areas . 

These numbers appear reasonable when compared to other measured sediment yield data from 
the Southwest (Table 3.12} Table 3.12 presents actu·al data based on total sediment deposited 
over a certain period of time. 

The results also appear reasonable when compared to computed sediment yield analysis data 
from previous Maricopa County studies (Table 3.13). Table 3.13 presents computed average 
annual sediment yield estimates from previous studies performed. The Maricopa County area 
previous studies have an arithmetic average of 0.65 Ac-ft/mi2/yr, which can be viewed as an 
upper limit of most of the estimates (Fuller 2003). The calculated sediment storage of FRS #2 is 
higher than the previous study average most likely because of higher average slope over a 
relatively small area. 

3.5 Single Event Sediment Yield Analysis 

A single event sediment yield analysis was performed on the 1 00-year 6- and 24-hour events. 
Initially, the 100-year 6- and 24-hour event-based sediment yield analyses was performed using 
the same factor values as the average annual analysis in RUSLE2 with the exception of the R 
factor being adjusted to account for the events. However, this approach produced 
unreasonably low sediment loads so a different approach was taken. The second approach 
predicted a sediment load ·and deposition based on an assumption of the sediment 
concentration by volume given the flow characteristics that the flood would have. This approach 
led to a more reasonable prediction of the sediment deposition at the FRSs . 
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Table 3.16. FRS #1100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

S:::,i! Df~scr.p:;on 
,ntho sandv loams 

Carrizo viitv ilraveliVsand 
Carrizo-Gunsight complex, ltOS percent slopes 
Cheriono-Rock outcrop complex 
Chuckawalla-Gunsight complex, 1 to 8 percent slooes 
Cioriano verv Qravellv foam 
Coolidge-Laveen association 
Oenure.JAomoli--Carrizo complex 
Ebon-Gunsight-Cipriano association. 3 to 25 percent slopes 
Ebon-Pinamt coiilPiex, 20 to 40-percent slopes 
Gachado-Lomitas-Rock ciutcroo comolex, 7 to 55 percent slop_es 
Gifman~o association 
Gunsight=Cipriano complex, fiOTPeiCeni slOpes 
Gunsight-Pinal complex, 1 to 10 percent slopes 
Gunii9ht-Rillito ciimplex, 0 to 10 percent slopes 
Gunsight-Ri16to complex, I to 25 percent slopes 
Gunsiohi-Ri16to ccimple£1ow precipitation, 1 to 40 percent sloPe 
Hargua.Qunsight complex, 0 to 5 percent slooes 
Perrvville-Riltito complex, 0 to 3 percent slopes 
Pinal graveily loam _ _ __ _ 
Pinamt-Tremant complex. Ito 10 percent slopes 
Ouilotosa-Vaiva-Rock outcrop complex. 20 to 65 percent slopes 
Rillito aravelly loam, Ito 8 percent slosies 
Sai-Cipriano complex. 1 to 10 percent slopes 
Tremant gravellv loams. low precipitation 

-Climare · · :·1 "· . Sa:t CfasSt~cat"an u~.ed :r. RU5LE2" 
Atizona\PhoeniX at Point II ANTHO SANOY LOAMSIANTHO sanc!Y.toam 25% 
Atizona\Phoenix at point 114 CARRIZO VERY GRAVELLY SANO\CARRlZO very gravelly sand 100% 
Arizona\Phoenix at point 115 CARRIZO-GUN SIGHT COMPLEX. I TO 5 PERCENT SLOPES\GUNSIGHT very gravelrYSandyloam 30% 
Arizona\Phoenix at oint 18 CHERIONI:ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLO?ESICHERIONieirtieme-Sio.ltoam 60% 
Arizona\Phoenix aJpoint 19 CHUCKAWALLA-GUNSIGHT COMPLEX, I TO 8 PERCENT SLOPES\Ql.I~IGHT ve'YJ!@'I~am 35% 
Arizona\Phoenix at pointl21 CIPRIANO VERY GRAVELLY LOAMICIPRIANO very gravelly loam 100% 
Arizona \Phoenix at point ICV COOLIDGE-LAVEEN ASSOCIA TIONICOOUDGE sandy loam 40% 
Arizona\Phoenix at Point 129DENURE·MOMOLI-CARRIZO COMPLEXIMOMOU qravelly sandy loam 30% 
Arizona\Phoenix at point 14YEBON-GUNSIGHT-CIPRIANO ASSOCIATION, 3 TO 25 PERCENT SLOPES\GUNSIGI:IT ver,'graveliYsatidViOaffi20% 
Arizona\Phoenix atpeint l<f§EBON-PINAMT COMPLEX, 20 TO 40 PERCENT SLOPESIEBON verv aravellv loam 45% 
Arizona\Phoenix at point 152 GACHADO-LOMifA§:ROCK OUTCROP COMPLEX. 7 TO 55 PERCENT SLOPESIGACHADO very gravellv loam 45% 
Arizona\Phoenlx at pointiGM GILMAN-ANTHO ASSOCIATtON\GILMAN loam 50% 
Arizona\Phoenfx at Oint 68 GUNSIGHT-CIPRIANO COMPLEX, 1 TO 7 PERCENT SLOPES\GUNSIGHT v avel sand loaiTI45% 
Arizona\Phoenix at Point GWD GUNSIGHT-PINAL COMPLEX, I TO 10 PERCENT SLOPES\PINAL cravellv loam 30% 
Arizona\Phoenix at inl GYO GUNSIGHT-RILLiTO COMPLEX, 0 TO 10 PERCENT SLOPESIGUNSIGHT ravell loam 40% 
Arizona\Phoenix at oolnt 70 GUNSIGHT-RILLITO COMPLEX, 1 TO 25 PERCENT SLOPES\GUNSIGHT very qraveDy loam 40% 
Arizona\Phoenix at polntl71 GUNSIGHT-RILLITO COMPLEX, LOW PRECIPtTAl'iON, 1 TO 40 PERCI:NTSlOPESIGUNSIGHTvery oraveli>i!Oam 40% 
Arizona\Phoenix at .Oint HLC HARQUA-GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNSIGHT ravell loam 35% 
Arizona\Phoenix at point PRB PERRYVILLE-RILLITO COMPLEX, 0 TO 3 PERCENT SLOPESIPERRYVILLE loam 35% 
Arizona\Phoenili at-oint PT PINAL GRAVELLY LOAMIPINAL ravel loam 100% 
Atizona\Phoenix at Point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPESITREMANT qravellv loam 35% 
Arizona\Phoenix at point 1100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\OUILOTOSA extremely oravaiiY sandy loam 
Arizona\Phoeni>e at point IIOZRILLITO GRAVELLY LOAM, I TO 8 PERCENT SLOPES\RILLITO oravelty loam 100% 
Arizona\Phoenix at pointl106 SAL-CIPRIANO COMPLEX, 1 TO 10 PERCENT SLOPESISAL extremely qravelly loam 50% 
Arizona\Phoenix at point 1114 TREMANT GRAVELLY LOAMS, LOW PRECIPITA TION\TREMANT oravellv loam 35% 

Area(Acrel 
6965.35 
2473.06 
3454.05 
4S2.21 
i4s4.62 
260.70 
721.22 

2306.75 
704.65 
446.62 
535.04 
456.13 
94.77 

585:35 
1332.15 
;ft'94.56 
378.99 
61.37 

1008.32 
38.09 

1952.98 
8411.65 
7261.00 
1988.08 
129.93 

%o1Tor.at 
14.36% 
5.10% 
7.12% 
0.99% 
3.0ii% 
0.54% 
1.49% 
4.76% 
1.45% 
0.92% 
1.10% 
0.94% 
0.20% 
1.21% 
2.75% 
8.65% 
0.78% 
0.13% 
2.14% 
0.08% 
4.03% 
17.35% 
14.97% 
4.10% 
0.27% 

Total! 48490.90 I 100.00% 

Table 3.17. FRS #2100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

"·;.:··· .... ;.· Soil Oescnption Chmala Sod ClaM!Ii~1hollll~i~rf in HUSLE2 Area(AcJe} -%otTot.-"11 
Antho association Arizona\Phoenix at point AL ANTHO ASSOCIATIONIANTHO gravelly san<ly.loam 30% 76.89 2.06% 
Cherlono-Rock outcrop comolex Arizona\Phoenix at ooint 18 CHERIONI-ROCK OUTCROP COMPLEX, 5 TO 60 PERCENT SLOPESICHERIONI extremelY-stonv loam 60% 695.20 18.65% 
Gunsloht-Pinal comolex, 1 to I 0 oercent slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX. I TO 10 PERCENT SLOPES\PINALoraveliVIoam 30% 524.60 14.08% 
Gunslaht-Rillito complex, 0 lo 10 percent slooes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT aravellv loam 40% 96.47 2.59% 
Gunslght-Rilhlo comPlex. 1 to 25 oercent stooes Arizona\Phoenix at Point 70 GUNSIGHT-RILLITO COMPLEX. I TO 25 PERCENT SLOPESIGUNSIGHT vetVaraveilv loam 40% 103.75 2.78% 
Pinamt-Tremant comolex, I to 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPESITREMANToraveliVIoam 35% 1103.25 29.61% 
Oullotosa-Vaiva-Rock outcroo comolex. 20 to 65 oercent slopes Arizona\Phoenix at point 100 OUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely Qta'lellv sandv loam 494.30 13.26% 
Tremant-Ril6to complex, 0 to 5 percent slopes Arizona\Phoenix at point TSC TREMANT-RILLITO COMPLEX, 0 TO 5 PERCENT SLOPESIRILLITOaraveliVtoam 30% 558.66 14.99% 

Total 3726.48 100.00% 

Table 3.18. FRS #3100-Year 6-Hour Storm Sediment Yield RUSLE2 Results 

Sml Descriplion Clima!e I ---SQj;-c,,ls5ifrcatmn u.sr.d 10 RtJSLE2 
Antho-.Carrizo.Marioo comolex Atizona\Phoenix at.£Qi.nt ~ ANTHO-CARRIZO-MARIPO COMPLEXIANTHO sandy loam 35% 
Denure~Momoli-Carrizo complex Arizona\Phoenix at point 129 DENURE-MOMOLI-CARRIZO COMPLEX\MOMOU Qravellv sandy loam 30% 
GunSiQht-Rtt6to complex, 0 to 10 oercent slooes Atizona\Phoenix a!.£QirlTIQYO GUNSIGHT-RILLITO COMPLEX. 0 TO 10 PERCENT SLOPES\GUNSIGHT qravelly loam 40% 
Haraua-Gunsklht comclex, 0 to 5 PerCeOtSiopes Arizona\Phoenix al point lHLC HAROUA-GUNSIGHT COMPLEX. 0 TO 5 PERCENT SLOPES\GUNSIGHT gravelly-loam 35% 
Pinamt· Tremanl complex. 1 to 10 oercent slooes Arizona\Phoenix ailiQint ~. PINAMT-TREMANT COMPLEX. I TO 10 PERCENT SLOPESITREMANT gravelly loam 35% 
Quilotosa-Vaiva-Rock outcrop com-orex:zo to 65 percent sloces Arizona\Phoenix al poinf)1oo OUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX, 20 TO 65 PERCENTSLOPESIQUILOTOSA extremely qra·1et;y sandY loam 
Rock outcrop-Cherioni complex Arizona\Phoenix at point 118 CH-ERJONI-ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPES\CHERIONI extremely stony loam SO% 

AreatAc:el %of Tota! 
806.13 14.36% 

9.60 0.17% 
143.20 2.55°k 
86.88 1.55% 

1508.85 26.87% 
2992.43 53.29% 

13.54 0.24% 
Total 5615.45 100.00% 

"":~"~ :~~toi;"'""~~_:~:;:'L .. :~ !~~~~~1 :~;~::'?2 - ; · A:;";:;;J~i~at~il-~Ji;At,;fi 
1.7% I 200 I 0.24 I 0.30 I o.28...:__L o.4 
1.9% I 2oo I 0.28 r- .. o.Jo I o.o6 _I 0.1 

2.5% I 200 I 0.36 I 0.30 I 0.43 __l o.9 
21.6% 9.9 
2.6% 1.3 
11.4% I 100 I 1.60 I o~ 0.74___1 7.5 
1.4% I 200 I 0.20 I o:JO---r-- o.28__L 0.3 
2.2% I 2oo I 0.31 I 6.30 ~ 0.43 _ _1_ o.8 
7.7% I 100 I 0.96 I ti.30 -~ 0.43 _L 2.5 
12.1% I 100 I 1.70 I 6.30--. o.32_L 3.6 
22.5% I 30 I 2.1o I 0.30 -~ 0.43_L 6.0 
1.2% I 200 I 0.17 I 0.30 -~ 0.37 I 0.4 
4.7% 1.8 
5.7% 1.6 
1.9% 0.6 
4.0% 2.0 
1.5% I 2oo I 0.21 I 0.30 I 0.57 I 0.1 

2.2% I 200 I 0.31 I 0.30 I 0.37 I 0.1 
1.5% 200 0.21 0.30 0.37 0.5 
6.3% 1.8 
5.8% 3.2 

35.3% I 30 I 3.20 I 0.30 I 0.12 I 2.4 
1.5% I 200 I 0.22 I 0.30 I 0.37 I 0.5 
3.4% I 200 I 0.42 I 0.30 I 0.37 I 1.0 
1.4% I 200 I 0.20 I 0.30 I 0.74 I 0.9 

Total !Tons/Acre 
Total (Ac-lt/Sq-mi) 

Channel 120% ofTotal 
Tol'aiErosion 

Estimated 70o/o Delivery 
Estimated 55% Trap Efficiency 

Scdinient Sionuae {Ac-f!/Sq-mi} 

Annual R.Factor ... ·· . .-:~22.6::. __ ,.- R (t0fr,n'6hr).c,:.," 77.47. ·' · .. .... •.:{::.,'iCB}I.e.bE?;:-;:;(c. 
-.:· ·stoon %) :·· Slope tenqfh"fft · NeilS Fact<> Net C Factor Nt:l K-Fr.cfllr ·. Av~Annual SOillo5stTonsJAc">'r) • 

2.3% 200 0.33 0.30 0.28 0.56 

24.1% 30 2.30 0.30 0.74 11 

6.1% 100 0.75 0.30 0.37 1.7 

2.4% 200 0.34 0.30 0.37 0.76 

8.8% 100 1.40 0.30 0.57 4.9 
7.4% 100 0.92 0.30 0.74 4.2 

36.2% 30 3.30 0.30 0.12 2.5 

3.9% 200 0.56 0.30 0.37 1.3 
Tolai(TonsJAcrS) 
Total A.,.fi/So-mi 

Channel_(20"/o of Total 
Total Erosion 

EsUmated 70% Deliverv 
Estimated 65% Trap Efficief\CV 

Sl)d!ment Stora_g~ (Ac·ff/Sq.mi} 

.·.jj~f.~htf:r:~:~~i~1~~f[B:S~ri~s.'A:.'E~o:) 
0.083 
0.007 
(1.094 

0.138 
D.Os5 
0.057 
0.007 
0.055 
0.051 
0.047 
0.093 
0.005 
0.005 
0.027 
0.023 
iill3 
0.008 
0.001 
o:oi4 
0.002 
0.181 
0.584 
0.103 
0.055 
0.003 
1.94 
0.58 
0.12 
0.69 
0.48 

0.31 
0.30 

~:\~i~~ht~d.~:;;~)lo;Jtlt!~l(~~~~~~~;~~~:?:i 
0.040 
7.034 
0.820 
0.067 
0.4611 
4.262 
1.137 
0.668 
14.50 
4.30 
0.86 
5.16 
3.61 

2.35 
2.30 

Annual R Factcir ·. 22.6 .... R(100;or6n<): · .5J.ll,. •· 

·srope(%) Slape LenQth ft . Net t.S Factc:. Net C·Facl::), Net K F:zctor A~~-:~~~;;~~{~g;_{~fi~~~~:;)v,).J.-~·ei~~lied-A-:~~O:J:;1~th~r.S!Ac!E·J~N~ 
2.8% 200 0.40 0.30 0.28 o.6a 1 6.250 

4.1% 200 0.60 0.30 0.43 1.& I 0.007 

2.3% 200 0.32 0.3() 0.37 0.72 I 0.047 

1.9% 200 0.27 0.30 0.37 0.6 I 0.024 

7.4% 100 0.92 0.30 0.74 4.2 I 2.885 

37.3% 30 3.30 0.3() 0.12 2.6 I 3.542 

27.8% 30 2.60 0.30 0.74 D I 0.0~ 
Tota!J!.onsiAcre} I 6.83 
To~al IAc-t:ISq-mfl I 2.03 

Channe~ofTotal) 1 0.~1 
Total Erosion I 2.43 

Estimated 70% DeliverY- I 1.70 
Estimated 65% Trap Efficiency 1.11 

•-~.:'":-t:.fim::lnt S:or:H.tc fAr.·HiSq.:n:) ~-----~-~=~.==j 
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Table 3.12. Comparison of Sediment Yield Data from the Southwest. 

Watershed Area (mn Period (years) Sediment Yield (Ac-ftlmi"'/yr) 
Buckeye Flood Retarding Structures 

FRS#1 75.8 - 0.20 
FRS#2 5.8 - 0.70 
FRS#3 8.8 - 0.40 

New Mexico (Curtis 1976) 
Santa Cruz 93.1 27.4 0.27 

Santa Cruz R 00 3.12 6.7 3.30 
Santa Cruz R #3 1.16 7.0 9.10 

Zia Pueblo 2.40 7.0 5.64 
Tortugas Arroyo 20.54 9.7 .0.69 
Upper Rio Hondo 93.9 12.9 0.54 

Oak Creek 9.41 6.0 3.32 
Upper Gila Valley Region 0.33 8.7 1.54 

Southeastern Arizona - Walnut Gulch Experimental Watershed (Renard 1972) 
Basin 201 0.17 - 0.33 
Basin 214 0.58 - 0.31 
Basin 223 0.17 - 0.38 

Glendora, California (PSIAC 1974) 
Bell Canyon #4 0.06 I 39 0.88 

Eagle, Colorado (PSIAC 1974) 
Boca Mountain < 0.01 7 0.65 

Table 3.13. Comparison of Sediment Yield Analysis Results in Maricopa County. 

W atershed Area (mi2) 

Buckeye Flood Retarding Structures 
FRS #1 75.8 
FRS#2 5.8 
FRS#3 8.8 

Maricopa County Previous Studies 
Casandro Wash 1.2 
Rawhide Wash 13.6 

Phoenix Mountain Preserve (Tatum Wash)"' 1.9 
Shea Boulevard (Tatum Wash)" 2.2 

Western Tributary (Cherokee Wash)" 0.1 
Desert Park Tributary_(Cherokee Wash)" 0.3 

Desert Greenbelt Project, AZ' 8.6 
Cave Creek, AZ" 121 .0 

Spookhill Dam, AZ• 16.4 
Saddleback Dam, AZ' 30.0 

Davis Tank, AZ.., 0.2 
Kennedy Tank, AZ.., 1.0 
JuniperWash, AZ.., 2.0 

Alhambra Tank, AZJ 6.6 
Black Hills Tank, AZ" 1.1 
Black Hills Tank, AZ0 

1.6 
Mesquite Tank, AZ" 9.0 

Tank 76, AZJ 1.2 
Spook Hill ADMP 3.0-14.0 

North Peoria ADMP0 0.1 - 32.9 
Average 

1. CH2M·Hill, 1994 4. Hjalmarson, 1996 
2. J E Fuller, 1997 5. Peterson, 1962 
3 . WEST Consulting, 1997 6. Langbien, Hains and Culler, 1951 

Average Annual Sediment Yield 
(Ac-ftlmi2/yr) 

0.20 
0.70 
0.40 

0.31 
0.39 
1.9 
2.1 
2.16 
1.98 
0.10 
0.31 
0.15 
0.08 
0.96 
0.27 
0.29 
0.03 
0.68 
0.58 
0.03 
0.21 
0.13 
0.31 
0.65 

7. JE Fuller, 2000 
8. JE Fuller, 2002 
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3.5.1 Approach Using RUSLE2 and Erosion Works 

For the 1 00-year event analysis, a software package called Erosion Works (American Excelsior 
2004) was chosen to calculate the rainfall erosivity. Erosion Works is a program that takes a 
given rainfall intensity hyetograph and provides the corresponding R value for an event-based 
soil loss analysis. 

To determine the 100-year 24- and 6-hour hyetographs for each of the structures, the 
procedures in Volume I of the Drainage Design Manual for Maricopa County (Sabol et al. 2003) 
were followed. The 1 00-year 24- and 6-hour area averaged point rainfall depths for each 
structure were obtained from the Buckeye/Sun Valley Area Drainage Master Study Hydrology 
Report (PBS&J 2004). Table 3.14 shows the values that were used. The depth-area reduction 
factor (Table 3.13) was determined next using Figures 2.1 and 2.2 in Volume I of the Drainage 
Design Manual (Sabol et al. 2003). The depth-area reduction factor was applied to the area
averaged point rainfall depths, which was then applied to the dimensionless distributions in 
Table 2.4 and 2.5 (after determining the appropriate pattern number for the 6-hour storm) of the 
Drainage Design Manual. Figures 3.6 and 3.7 show the final rainfall intensity hyetographs used 
in determining the rainfall erosivity for each FRS for the 1 00-year 24- and 6-hour storms, 
respectively. With these hyetographs, the 1 00-year 24- and 6-hour event rainfall erosivity 
values were calculated (Table 3.15). 

Table 3.14. Basin 100-Year Rainfall Depths and Area Reduction Factors. 

Drainage 
Basin 

FRS#1 
FRS#2 
FRS#3 

Rainfall Depth Depth-Area Rainfall Depth 
Depth-Area 

Reduction Reduction 
(ft) (6-hr) 

Factor (6-hr) 
(ft} (24-hr) Factor (24-hr) 

3.23 0.82 4.16 0.86 
3.28 0.96 4.13 0.91 
3.26 0.94 4.14 0.88 

100-Year 6-Hour Storm Hyetograph 

3 .500 .---------------------------, 

3.000 t-----------------"'---------------1 .. . . 
~ 2.500 -1--------------.....-,~---------j 

~ 
£ 2.000 +----------------...,1-----h-------l ., 
c: 

"' ~ 1.500 -t---------------ii-.,L-----'M[r---------j 
:§ 
c: 

~ 1.000 +------------- ----:'11----\-\------l 

0 2 3 4 5 6 

Time (Hours) 

j_.__ FRS #1 - - + --FRS #2 --FRS #31 

Figure 3.6. 1 00-Year 6-Hour Storm Hyetograph . 
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100-Year 24-Hour Slonn Hyetograph 

. _.,.J '--
10 15 20 

Time (Hours) 

,....._ FRS #1 -+--FRS #2 --tt- FRS #3 1 

Figure 3.7. 100-Year 24-Hour Storm Hyetograph. 

Table 3.15. Basin 100-Year Rainfall Erosivi!J' Values . 

Drainage Basin Rainfall Erosivity R Rainfall Erosivity R 
(6-hour) j24-hour) 

FRS #1 31.72 66.96 
FRS #2 77.47 74.38 
FRS#3 57.77 69.62 

3.5.2 Results of RUSLE2 and Erosion Works Approach 

25 

The results for the 100-year 6-hour storm analysis are shown in Tables 3.16, 3.17, and 3.18 
with all RUSLE variables and values that were used. The calculated sediment storage for FRS 
#1 is 0.30 Ac-fUmi2 per event, for FRS #2 was 2.30 Ac-fUmi2 per event, for FRS #3 was 1.10 Ac
ft/mi2 per event. The final results for the 1 00-year 24-hour storm analysis are shown in Tables 
3.19, 3.20, and 3.21 . The resulting sediment storage for FRS #1 was 0.70 Ac-ft!mi2 per event, 
for FRS #2 was 2.30 Ac-ft!mi2 per event, for FRS #3 was 1.30 Ac-ft!mi2 per event. 

Compared to the average annual results, the results for the 1 00-yr event were not significantly 
greater. To better evaluate these results the sediment concentration by volume was computed 
(Tables 3.22 and 3.23). In an arid region the average sediment concentration throughout a 
large event, such as the 1 00-year flood, would be expected to be quite high. Concentrations of 
50,000 ppm or greater would not be unrealistic. However, many of the values in Tables 3.22 
and 3.23 are considerably lower, suggesting that the single event application of the RUSLE may 
not be appropriate in an arid region. Therefore, an alternate approach to quantifying the single 
event sediment yield was adopted, as described in the following section . 
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• Table 3.16. FRS #1 1 DO-Year 6-Hour Storm Sediment Yield RUSLE2 Results 
A..1n~ R Faaor 22.6 R (l00y~.5hr'} '31 .7Z Rl!SLE2 10(}-YeorO-hr 

... Soil Oescnr.t on · CI1mate- .. -. So./ Clas~~cafon us~d in RUSLE2 .. - A!ea (Acrel %oJlQ.(a\ Slope {~~ ~ c::-~ope t.er.c;tn (t: · Net LS Factor ~:etCFact(X'" Na: y, Fn:ttr " \."ti ,>Jirltiar&>i lciS tionsJA;:)viJ Wt-J chte-i -.~ve.""a~ S6:i' l~s~ (To."ls.'ftcrE\·en~ l 
Anlho sandy learns Arizona\Phoenix at point 1 ANTHO SANDY LOAMSIANTHO sandy loam 25% 6965.35 14.36% 1.7% 200 0.24 0.31) 0.28 0.4 0.083 
Carrizo very gravelly sand Arizona\Phoenix at point 14 CARRIZO VERY GRAVELLY SANDICARRIZO very gravelly sand 100% 2473.06 5.10% 1.9% 200 0.28 0.30 O.Oo 0.1 0.01)7 

CarrizcrGunsighl complex. 1 Ia 5 percenl slopes Arizona\Phoenix at point 15 CARRIZO-GUNSIGHT COMPLEX. 1 TO 5 PERCENT SLOPES\GUNSIGHT very gravell sandy loam 30% 3454.05 7.12% 2.5% 200 0.36 0.30 0.43 0.9 0.094 
Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI-ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPES\CHERIONI extremely slony loam 60% 482.21 0.99% 21.6% 30 2.00 0.30 0.74 9.9 0.138 

Chuckawalla-GunsiQhl complex, 1 to 8 percent slopes Arizona\Phoenix at point 19 CHUCKAWALLA-GUNSIGHT COMPLEX. 1 TO 8 PERCENT SLOPESIGUNSIGHT very gravel! loam 35% 1454.62 3.00% 2.6% 200 0.37 0. 30 0.57 1.3 0.055 
Cipriano very gravelly loam Arizona\Phoenix at ooint 21 CIPRIANO VERY GRAVELLY LOAMICIPRIANO very gravelly loam 100% 260.70 0.54% 11.4% 100 1.60 0.30 0.74 7.5 0.057 
CoolidQe·Laveen association Arizona\Phoenix at point CV COOLIDGE-LAVEEN ASSOCIATION\COOUDGE sandy loam 40% 721.22 1.49% 1.4% 200 0.20 0.30 0.28 0.3 0.007 

, Denure·Momoli-Carrizo complex Arizona\Phoenix at point 29 DENURE-MOMOU-CARRIZO COMPLEXIMOMOLI gravelly sandy loam 30% 2306.75 4.76% 2.2% 200 0.31 0.30 0.43 0.8 0.055 

Ebon-Gunsioht·Cipriano associat ion . 3 to 25 percent slopes Arizona\Phoenix at point 47 EBON-GUNSIGHT-CIPRIANO ASSOCIATION. 3 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 20'/o 704.65 1.45% 7.7% 100 0.96 0.30 0.43 2.5 0.051 

Ebon-Pinaml complex. 20 Ia 40 percenl slopes Arizona\Phoenix at point 49 EBON-PINAMT COMPLEX. 20 TO 40 PERCENT SLOPESIEBON very gravelly loam 45% 446.62 0.92% 12.1% 100 1.70 0.30 0.32 3.6 0.047 

Gachado·Lomitas·Rock outcrop com lex. 7 to 55 percent slopes Arizona\Phoenix at point 52 GACHADO-LOMITAS-ROCK OUTCROP COMPLEX. 7 TO 55 PERCENT SLOPESIGACHADO very gravelly loam 45% 535.04 1.10% 22.5% 30 2.10 0.30 0.4 3 6.0 0.093 

Gilman-Antho association Arizona\Phoenlx at point GM GILMAN-ANTHO ASSOCIATIONIGILMAN loam 50% 456.13 0.94% 1.2% 200 0.17 0.30 0.37 0.4 0.005 

Gunsiaht-Cipriano com lex, 1 to 7 percent slopes Arizona\Phoenix at paint 68 GUNSIGHT-CIPRIANO COMPLEX. 1 TO 7 PERCENT SLOPES\GUNSIGHT very gravelly sandy loam 45% 94 .77 0.20% 4.7% 200 0.70 0.30 0.43 1.8 0.005 

Gunsighi-Pinal complex. 1 to 10 percent slopes Arizona\Phoenix at point GWD GUNSIGHT-PINAL COMPLEX. 1 TO 10 PERCENT SLOPES\PINAL aravellv loam 30% 585.35 1.21% 5.7% 100 0.70 0.30 0.37 1.6 0.027 

Gunsiohi-Rillilo complex. 0 Ia 10percenl slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX. 0 TO 10 PERCENT SLOPES\GUNSIGHT gravelly loam 40% 1332.15 2.75% 1.9% 200 0.27 0.30 0.37 0.6 0.023 

Gunsighi-Rillilo complex. 1 Ia 25 percenl slopes Arizona\Phoenix at point 70 GUNSIGHT-RILUTO COMPLEX. 1 TO 25 PERCENT SLOPES\GUNSIGHT very aravelly loam 40% 4194.56 8.65% 4.0% 200 0.57 0.30 0.57 2.0 0.243 

Gunsiohi-Rillilo complex. low precipilalion . 1 Ia 40 percent slope Arizona\Phoenlx at point 71 GUNSIGHT-RILLITO COMPLEX. LOW PRECIPITATION. 1 TO 40 PERCENT SLOPES\GUNSIGHT very oravell• loam 40% 378.99 0.78% 1.5% 200 0.21 0.30 0.57 0.7 0.008 

Harqua-Gunsighl complex. 0 Ia 5 percent slopes Arizona\Phoenix at point HLC HARQUA-GUNSIGHT COMPLEX. 0 TO 5 PERCENT SLOPES\GUNSIGHT oravelly loam 35% 61.37 0.13% 2.2% 200 0.31 0.30 0.37 0.7 0.001 

Perryville-Rillilo complex. 0 to 3 percenl slopes Arizona\Phoenix at point PRB PERRYVILLE-RILLITO COMPLEX. 0 TO 3 PERCENT SLOPES\PERRYVILLE loam 35% 1038.32 2.14% 1.5% 200 0.21 0.30 0.37 0.5 0.014 

Pinal aravelly loam Arizona\Phoenix at point PT PINAL GRAVELLY LOAMIPINAL oravell loam 100% 38 .09 0.08% 6.3% 100 0.78 0.30 0.37 1.8 0.002 

Pinamt·Tremant complex. 1 to 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPESITREMANT oravelly loam 35% 1952.98 4.03% 5.8% 100 0.72 0.30 0.74 3.2 0.181 

Quilotosa-Vafva·Rock outcrop comolex. 20 to 65 percent slopes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\QUILOTOSA exlremelv graniiY sandy loam 8411 .65 17.35% 35.3% 30 3.20 0.30 0.12 2.4 0.584 

Rilli to grave II loam. 1 Ia 8 percenl slopes Arizona\Phoenix at point 102 RILLITO GRAVELLY LOAM. 1 TO 8 PERCENT SLOPESIRILUTO gravelly loam 100% 7261 .00 14.97% 1.5% 200 0.22 0.30 0.37 0.5 0.103 

Sai-Cipriano complex. 1 to 10 percenl slopes Arizona\Phoenix at point 106 SAL-CIPRIANO COMPLEX. 1 TO 10 PERCENT SLOPES\SAL exlremely gravelly loam 50% 1988.08 4. 10% 3.4% 200 0.42 0.30 0.37 1.0 0.055 

Tremanl gravelly teams, low precipitation Arizona\Phoenix at point 114 TREMANT GRAVELLY LOAMS. LOW PRECIPITATION\TREMANT gravelly loam 35% 129.93 0.27% 1.4% 200 0.20 0.30 0.74 . 0.9 0.003 

Total 48490.90 100.00% Total Tons/Acre 1.94 

Total (Ac-t!ISq-mi 0.58 

Channe• 20% of Total 0.12 

T a tat Erosion 0.69 

Estimated 70% Oelive_ry 0.48 

Estimated 65% Trap Efficiency 0.31 

Se diment Stor•1g0 fAc-ftiSc&·mi) O.JO 
--- --

• Table 3.17. FRS #2 1 DO-Year 6-Hour Storm Sed iment Yield RUSLE2 Resul ts 
J\nnuill R Fnc!or "22.6 R (IOOyr fihr) 17.47 .RUS(.E2. 100-Yey.r 6-t)r 

c ' · ·· Soli Ot!scllption Cllnm la So11 Cl <-l f.:;Jii !:"~"l !IOn ttserJ m HUSLE2 : ,..\J ea Acre %or ·rot<:l t _ Slopc:("t:,\ Slop<> l cnqth m· Not LS Fact01 N~tCFactor Net K Fvctcr A'm Anmml Soli i,;s.,fronsJAciYr) WefQhtt?d· l"\'lr~raqe Salt l oss (fons!I KfEvimfi 

An tho association Arizona\Phoenix at oOint AL ANTHO ASSOCIA TIONIANTHO aravellv sandv loam 30% 76.89 2.06% 2.3% 200 0.33 0.30 0.28 0.56 0.040 

Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI -ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPES\CHERIONI extremely stony loam 60% 695.20 18.66% 24.1% 30 2.30 0.30 0.74 11 7.034 

Gunsi ht-Pinal comolex. 1 to 10 percent stapes Arizona\Phoenix at oolnt GWD GUNSIGHT-PINAL COMPLEX. 1 TO 10 PERCENT SLOPES\PINAL aravelly loam 30% 524.60 14.08% 6.1% 100 0.75 0.30 0.37 1.7 0.820 

, Guns! hi-Rillito com lex, 0 to 10 percent slopes Arizona\Phoenix at ooint GYD GUNSIGHT-RILLITO COMPLEX. 0 TO 10 PERCENT SLOPESIGUNSIGHT oravellv loam 40% 96.47 2.59% 2.4% 200 0.34 0.30 0.37 0.76 0.067 

Guns[ hi-Rillito com lex, 1 to 25 oercent slopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX. 1 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly loam 40% 103.75 2.78% 8.8% 100 1.40 0.30 0.57 4.9 0.468 

Pinamt-Tremant complex. 1 to 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPESITREMANT gravelly loam 35% 1103.25 29.6 1% 7.4% 100 0.92 0.30 0.74 4.2 4.262 

Qullotosa-Vaiva-Rock outcrop complex. 20 to 65 oercent slooes Arizona\Phoenix at ooint 100 QUILOTOSA-VAIVA·ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPESIQUILOTOSA extremely oravellv sandv loam 494.30 13.26% 36.2% 30 3.30 0.30 0.1 2 2.5 1. 137 

Tremant-Rillito complex, 0 to 5 percent slopes Arizona\Phoenlx at point TSC TREMANT-RILUTO COMPLEX. 0 TO 5 PERCENT SLOPESIRILUTO gravelly loam 30% 558.66 14.99% 3.9% 200 0.56 0.30 0.37 1.3 0.668 

Total 3726.48 100.00% Tala! Tons/Acre 14.50 
Tala! Ac-lt/Sq-mi 4.30 

Channel 20% of Total) 0.86 
Total Erosion 5.16 

Estimated 70% Delivery 3.61 
Estimated 65% Trap Efficiency 2.35 

Sodhnont Stora' B {Ac-ft!Sc•·mi) 2.30 

Tab le 3.18. FRS #3 100-Year 6-Hour Storm Sediment Yi eld RUSLE2 Res ults 
A~nual R Fac!or . 22.6 - R ( 1C0yr6hr)_ Si.77 R\!SI:E2 . 100-Yea: 6-11r 

- .. So 1l Dc!'cnnt ton C!1m:1!!! Soil Cla!.Siflca!lnn ti_!;P.d In RUSLE2 ·.· .· ;\:"e<J (1"'\': rt?) % of Tctnl , Slaoe ('hi :o ..., ~ ler::'Jlh ft NH I.SFactc. Net CFactor Ne: K Fac!c: Alio Arin~JJ SoU Lnss fToosJAcJYr) Welqli.ted:A'.•er.tg o? SoH loss (T~;siAC:Etterl.) -
Antho·Carri zo·M ari a com lex Arizona\Phoenix at point 3 ANTHO-CARRIZO-MARIPO COMPLEXIANTHO sandvloam 35% 806.13 14.36% 2.8% 200 0.40 0.30 0.28 0.68 0.250 

Denure·Momoli-Carrizo complex Arizona\Phoenix at point 29 DENURE-MOMOU-CARRIZO COMPLEX\MOMOU oravelly sandy loam 30% 9.60 0.17% 4.1% 200 0.60 0.30 0.43 1.6 0.007 

Gunsi ht·Rillito complex, 0 to 10 percent slopes Arizona\Phoenix at point GYD GUNSIGHT-RILLITO COMPLEX. 0 TO 10 PC:RCENT SLOPES\GUNSIGHT gravelly loam 40% 143.20 2.55% 2.3% 200 0.32 0.30 0.3 7 0.72 0.047 

Harqua-Gunsight complex. 0 to 5 percenl slopes Arizona\Phoenix at ooint HLC HARQUA-GUNSIGHT COMPLEX. 0 TO 5 PERCENT SLO?ES\GUNSIGHT gravel ly loam 35% 86.88 1.55% 1.9% 200 0.27 0.30 0.37 0.6 0.024 

Pinamt.Tremant comolex. 1 to 10 oercent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX. 1 TO 10 PERCENT SLOPES\TREMANT gravelly loam 35% 1508.85 26.87% 7.4% 100 0.92 0.30 0.7~ 4.2 2.885 

Ouilotosa·Vaiva -Rock outcrop comolex. 20 to 65 oercent slooes Arizona\Phoenix at point 100 QUILOTOSA-VAIVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\QUILOTOSA extremelY orav• r;y sendv loam 2992.43 53.29% 37.3%, 30 3.30 0.30 0.12 2.6 3.542 

Rock outcrop-Ch erioni complex Arizona\Phoenil( at point 18 CHERIONI-ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPESICHERIONI extremely stony loam 60% 13.54 0.24% 27 .8o/, 30 2.60 0.30 0.74 13 0.080 

Tolal 5615.45 100.00% Tolal (Tons/Acre) 6.83 
To!al Ac-~JSq - mi 2.03 

Channel 20% of Total) 0.41 
Total Erosion 2.43 

Estimated 70% Delivery 1.70 
estimated 65% Trap Efficiency 1.11 

) S ~d:m ~ n: S:or:.qn 1/o c·!t.I S :-t ·m i ) 1.1!.1 

• 



• Table 3.19. FRS #11 00-Year 24-Hour Storm Sediment Yield RUSLE2 Results 
-'\.'111~2 : R F<X:ior 22.€ ~ (10Cy' 2!r< 60.96 I 'tUSL::2 t03·Year 2.!-h· 

S01! Oe5cnrJi ton Cl1ma!-:.! Soil Cbss1fi.:.a!ton used 1:-: HUSLE? Area (Acre ) % o~ rota! S:ope (%! IS !.:.;H~- Len(Jin 11:· "Jet LS J::ac1c• N:Jt C Fa-: :~ Ne: K cnc·~~ · .;,-a A.-:"; .a S:r Loss :/o""'s./,..l.~:iYri //eqhH:1-A'I::!I<J~~ Soii l ;).<o:..o;;, ! Tur..s!~ :=: : £>,-;t. 

Antho sandy learns Arizona\Phoenix at point 1 ANTHO SANDY LOAMSIANTHO sandy loam 25% 6965.35 14.36% 1.7% 200 0.24 0.30 0.28 0.4 0.174 
Carrizo very qraveH sand Arizona\Phoenix at point 14 CARRIZO VERY GRAVELLY SANDICARRIZO very gravelly sand 100% 2473.06 5.10% 1.9% 200 0.28 0.30 0.06 0.1 O.O t5 
Carrizo-Gunsight complex. 1 to 5 percent slopes Arizona\Phoenix at paint 15 CARRIZO·GUNSIGHT COMPLEX. 1 TO 5 PERCENT SLOPES\G UNSIGHT very wavell sand• loam 30% 3454.05 7.12% 2.5% 200 0.36 0.30 0.43 0.9 0.198 
Cheriono-Rock outcrop complex Arizona\Phoenix at point 18 CHERIONI·ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPES\CHERIONI • xt remely stony loam 60% 482.21 0.99% 21.6% 30 2.00 0 .30 0.74 9.9 0.292 
Chuckawalla-GunsiQht complex. 1 to 8 percent slopes Atizona\Phoenix at point 19 CHUCKAWALLA·GUNSIGHT COMPLEX, 1 TO 8 PERCENT SLOPES\GUNSIGHT very gravell loam 35% 1454.62 3.00% 2.6% 200 0.37 0.30 0.57 L 1.3 0.116 
Cipriano very gravelly loam Arizona\Phoenix al point 21 CIPRIANO VERY GRAVELLY LOAM\CIPRIANO very Qravelly loam 100% 260.70 0.54% 11.4% 100 1.60 0.30 0.74 7.5 0.119 
CoolidQe-Laveen association Arizona\Phoenix al point CV COOLIDGE·LAVEEN ASSOCIATION\COOLIDGE sandy loam 40% 72 1.22 1.49% 1.4% 200 0.20 0.30 0.28 0.3 0.015 
Oenure-Momoli-Carrizo complex Atizona\Phoenix at point 29 DENURE-MOMOLI·CARRIZO COMPLEXIMOMOLI aravelly sandy loam 30% 2306.75 4.76% 2.2% 200 0.31 0.30 0.43 0.8 0.116 
Ebon·Gunsiaht-Cioriano associa tion. 3 to 25 percent slopes Arizona\Phoenix at point 47 EBON·GUNSIGHT-CIPRIANO ASSOCIATION. 3 TO 25 PERCENT SLOPES\GUNSIGHT very gravelly_ sandy lo;m 20% 704.65 1.45% 7.7% 100 0.96 0.30 0.43 2.5 0.108 
Ebon·Pinamt complex, 20 to 40 percent slopes Arizona\Phoenix at point 49 EBON·PINAMT COMPLEX. 20 TO 40 PERCENT SLOPESIEBON very qrav•lly loam 45% 446.62 0.92% 12. 1% 100 1.70 0.30 0.32 3.6 0.098 
Gachado-lomitas-Rock outcrop complex. 7 Ia 55 percent slopes Atizona\Phoenix at point 52 GACHADO·LOMITAS·ROCK OUTCROP COMPLEX. 7 TO 55 PERCENT SLOPESIGACHADO v~avelly loam 45% 535.04 1.10% 22.5% 30 2.10 0.30 0.43 6.0 0.196 
Gilman·Antho association Arizona\Phoenix at point GM GILMAN·ANTHO ASSOCIA TION\GILMAN loam 50% 456.13 0.94% 1.2% 200 0.17 0.30 0.37 0.4 0.011 
Gunsight·Cipriano com lex. 1 Ia 7 percent slopes Atizona\Phoenix at point 68 GUNSIGHT·CIPRIANO COMPLEX. 1 TO 7 PERCENT SLOPES\GUNSIGHT verv oravell sand loam 45% 94.77 0.20% 4.7% 200 0.70 0.30 0.43 1.8 0.010 
GunsiQht·Pinal complex, 1 Ia 10 percent slopes Arizona\Phoenix at point GWD GUNSIGHT·PINAL COMPLEX, 1 TO 10 PERCENT SLOPESIPINAL Qravelly loam 30% 585.35 1.21% 5.7% 100 0.70 0.30 0.37 1.6 0.057 
Gunsioht·Rillito complex, 0 to 10 percent slopes Arlzona\Phoenix at point GYD GUNSIGHT·RILLITO COMPLEX. 0 TO 10 PERCENT SLOPESIGUNSIGHT gravelly loam 40% 1332.15 2.75% 1.9% 200 0.27 0.30 0.37 0.6 0.049 
Gunsight·Rillito complex, 1 to 25 percent slopes Arizona\Phoenix at point 70 GUNSIGHT-RILLITO COMPLEX. 1 TO 25 PERCENT SLOPESIGUNSIGHT very Qravelly loam 40% 4194.56 8.65% 4.0% 200 0.57 0.30 0.57 2.0 0.513 
Gunsiahl·Rillito complex. low precipitation, 1 to 40 percent slope Arizona\Phoenix at point 71 GUNSIGHT-RILLITO COMPLEX, LOW PRECIPITATION. 1 TO 40 PERCENT SLOPES\GUNSIGHT verv aravelly loam 40% 378.99 0.78% 1.5% 200 0.21 0.30 0.57 0.7 0.017 
Harqua.Gunsight complex. 0 Ia 5 percent slopes Arizona\Phoenix at point HLC HARQUA·GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLOPES\GUNSIGHT gravelly loam 35% 61.37 0.13% 2.2% 200 0.3 1 0.30 0.37 0.7 0.003 
Perryville·Rillito complex, 0 to 3 percent sloJleS Arizona\Phoenix at point PRB PERRYVILLE·RILLITO COMPLEX. 0 TO 3 PERCENT SLOPES\PERRYVILLE loam 35% 1038.32 2.14% 1.5% 200 0.2t 0.30 0.37 0.5 0.030 
Pinal oravellv loam Arizona\Phoenix at point PT PINAL GRAVELLY LOAM\PINAL Qravelly loam 100% 38.09 0.08% 6.3% 100 0.78 0.30 0.37 1.8 0.004 
Pinamt·Tremant complex. 110 10 percent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPESITREMANT qravell loam 35% 1952.98 4.03% 5.8% 100 0.72 0.30 0.74 3.2 0.382 
Quilotosa·Vaiva-Rock outcrop com lex. 20 to 65 percent slopes Arizona\Phoenix at point 100 OUILOTOSA-VAtVA-ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPES\QUILOTOSA extremelv gravelly sandv loam 5 8411 .65 17.35% 35.3% 30 3.20 0.30 0.12 2.4 1.234 
Rillilo_gravelly loam. 1 to 8 percent slopes Arizona\Phoenix at ooint 102 RILLITO GRAVELLY LOAM. 1 TO 8 PERCENT SLOPESIRILLITO Qravelly loam 100% 7261 .00 14.97% 1.5% 200 0.22 0.30 0.37 0.5 0.217 
Sai·Cipriano complex, 1 to 10 _£ercent slopes Arizona\Phoenix at point 106 SAL·CIPRIANO COMPLEX, 1 TO 10 PERCENT SLOPES\SAL extremely f!ra velly loam 50% 1988.08 4.1 0% 3.4% 200 0.42 0.30 0.37 1.0 0.1 15 
Tremant gravelly loams. low precipi ta tion Arizona\Phoenix at point 114 TREMANT GRAVELLY LOAMS, LOW PRECIPITATION\TREMANT grave ll loam 35% 129.93 0.27% 1.4% 200 0.20 0.30 0.74 0.9 0.007 

Total 48490.90 100.00% Total Soil Loss (Tons/Acre 4.10 

Total Soil Loss Ac·ft/Sq·mi 1.22 
Channel Erosion 20% of Total 0.24 

Total Erosion Ac· ft/Sq-mi 1.4S 

Estimated 70% Delivery 1.02 

Estimated 65% Trap Efficiency 0.66 

L ."i .. •l.limcnt Sror:-tqe {Ac-!IJSq-mi ) 0.70 

Table 3.20. FRS #2 100-Year 24-Hour Storm Sediment Yield RUSLE2 Results 

•• Annu<tl R Factor Z?.6 R. {10D-;r 2t1hr . · 7 • .38 R\,) SLE2 l03-Year 2!. -hr 

Sot t D~scnpli on Cllm <t! f} S11tl Clttsstfir .. 11l0n nc;etltn RU SU: :~ lv ei1 ( 1\cr~ ) 0:~ of l o:nl Slope{% Slope LP.i1CJth (fl' Net LS Factor Not C Fm:tor Nc! K Fa :::o~ £,~·q Annual Soii los~ {Tot t ~-JAdYr) 1J'!-1 iQhr c<l'-t\'zer~1qf? SoH l os;.' i Ton:-./A-:JEwm!) 
Antho association Arizona\Phoenix at point AL ANTHO ASSOC IATIONIANTHO qravellv sandy loam 30% 76.89 2.06% 2.3% 200 0.33 0.30 0.28 - 0.56 0.038 
Cheriono-Rock outcrop com lex Arizona\Phoenix at point 18 CHERIONI·ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPESICHERIONI extreme! stony loam 60% 695.20 18.66% 24.1% 30 2.30 0.30 0.74 11 6.754 

· Gunsi hi-Pinal complex, 1 to 10 percent slopes Arizona\Phoenlx at point GWD GUNSIGHT·PINAL COMPLEX, 1 TO 10 PERCENT SLOPES\PtNAL gravell y loam 30% 524 .60 14.08% 6.1% 100 0.75 0.30 0.37 1.7 0.788 
[ Gunsi ht·Rillito com lex. 0 to 10 percent slopes Arizona\Phoenix a~ point GYD GUNSIGHT·RILUTO COMPLEX. 0 TO 10 PERCENT SLOPES\GUNSIGHT gravell loam 40% 96.47 2.59% 2.4% 200 0.34 0.30 0.37 0.76 0.065 
Gunsi hi-Rilli to com lex, 1 to 25 percent slopes Arizona\Phoenlx at point 70 GUNSIGHT·RILLITO COMPLEX, 1 TO 25 PERCENT SLOPESIGUNSIGHT verv oravellv loam 40% 103.75 2.78% 8.8% 100 1.40 0.30 0.57 4.9 0.449 
Pinamt-Tremant com lex. 1 to 10 percent slopes Arizona\Phoenlx at point 98 PINAMT·TREMANT COMPLEX, 1 TO 10 PERCENT SLOPESITREMANT gravell loam 35% 1103.25 29.61 % 7.4% 100 0.92 0.30 0.74 4.2 4.092 

1 Ouilotosa-Vaiva-Rock outcrop complex. 20 to 65 p_ercent slopes Arizona\Phoenix at point 100 QUILOTOSA·VAIVA·ROCK OUTCROP COMPLEX, 20 TO 65 PERCENT SLOPES\QUILOTOSA extremely graveliy sandy loam 5 494.30 13.26% 36.2% 30 3.30 0 .30 0. 12 2.5 1.091 
Tremant-Rillito complex. 0 to 5 percent slopes Arizona\Phoenix at point TSC TREMANT·RILLITO COMPLEX, 0 TO 5 PERCENT SLOPESIRILLITO gravelly loam 30% 558.66 14.99% 3.9% 200 0.56 0.30 0.37 1.3 0.641 

Total 3726.48 100.00% Total Soil Loss Tons/Acre 13.92 
Total Soil Loss Ac·ft!Sq·mi 4. 13 

Channel Erosion 20% of Total 0.83 
Total Erosion Ac·ft!Sq·mi) 4. 96 
Es~mated 70% Delivery 3.47 

Estimated 65% Trap Efficiency 2.26 

! S:·d i ~1 1!nt Stora!Je {Ac· ftJ Sq-I!_!J) 2.J() 

Table 3.2 1. FRS #3 1 00-Year 24-Hour Storm Sediment Yield RUSLE2 Results 
Annua~ R Factor 22.6 ~ (100yr 2~~( 69.62 I RUSL~2 . 1CC-Ye.!r 2~-~r 

S~1 1 Dr:r.c:nntJOn Chmtt t ~J .So1l Ci i1:. ~f~ c., t i.1 tl u~e : ! m RUSL E~ J'lrca (A:: r~ l % ol Tot~ S!ope {0
•::, } St.:me Le:-q th !1:' NE:tlS Fa:::o: :..;m C Facw: J t-.: P.l K Facto; ,;\:; An:u;al SaG l oss (Tort.t:JAr:fYr) Vic;Qhtr..,.,:..· :r.r:r.J~ ~:: L o..c:;~ /Tor. ~',~dE.·.·e n: j 

A ntho-.C arrizo-Marioo com lex Arizona\Phoenix at point 3 ANTHO·CARRIZO·MARIPO COMPLEXIANTHO sandy loam 35% 806.13 14.36% 2.8% 200 0.40 0.30 0.28 0.68 0.301 
Oenure-Momoli-Carrizo complex Arizona\Phoenix at point 29 OENURE-MOMOLI·CARRIZO COMPLEXIMOMOLI qravell sandy loam 30% 9.60 0.17% 4.1% 200 0.60 0.30 0.43 1.6 0.008 
G unsiqht-Ril!ito com lex, 0 to 1 0 _eercenl slopes Arizona\Phoenix at point GYD GUNSIGHT·RILLITO COMPLEX, 0 TO 10 PERCENT SLOPES\GUNSIGHT qravelly loam 40% 143.20 2.55% 2.3% 200 0.32 0.30 0.37 0.72 0.0:.7 
Ha rqua-Gunsight complex, 0 to 5 oercent stapes Arizona\Phoenix at_29int HLC HARQUA·GUNSIGHT COMPLEX, 0 TO 5 PERCENT SLO?ES\GUNSIGHT gravelly loam 35% 86.88 1.55% 1.9% 200 0.27 0.30 0.37 0.6 0.029 
? inami·Tremanl com lex. 1 to 10 oercent slopes Arizona\Phoenix at point 98 PINAMT-TREMANT COMPLEX, 1 TO 10 PERCENT SLOPESITREMANT qravelly loam 35% 1508.85 26.87% 7.4% 100 0.92 0.30 0.74 ~.2 3.476 
Ouilotosa-Vaiva-Rock outcrop comolex. 20 to 65 percent slopes Atizona\Phoenix at point 100 QUILOTOSA·VAIVA·ROCK OUTCROP COMPLEX. 20 TO 65 PERCENT SLOPESIQU ILOTOSA •xtr•mel · qraveHv sandv loam 5 2992.43 53.29% 37.3% 30 3.30 0.30 0. t 2 2.6 4.268 
Rock outcrop-Cherioni com:;>lex Arizona\Phoenix at ooint 18 CHERIONt·ROCK OUTCROP COMPLEX. 5 TO 60 PERCENT SLOPESICHERIONI extremely stony !oam 60% 13.54 0.24% 27.8% 30 2.60 0.30 0.7-< 13 0.097 

Total 5615.45 100.00% To:al Soil Loss (Tons/Acre) 8.2~ 

T:>:a: Soil Loss Ac-f'JSq·mi) 2.44 r· cr.znnel Erosion (20% ofTotal) 0.49 
To;al Erosi.:>n (Ac-fVSq-mi) 2.93 

[ Estima:ed 70% Delivery 2.05 

L_ Es~ma :ed 65% Trap Efficiency 
-· - 1.33 

; -:! i'Jwr.: s:nt:q r:-1 /, •.; .::!5 !:· ::11 ) 1.:n: --
·----- ~ · ------ --
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Figure 4.1 . View looking downstream at Deposition Zone #5 . 

Figure 4.2. View looking across and downstream at Deposition Zone #6 . 
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Figure 4.3. View southeast from a hill overlooking the fan at BSV Site 9 (Deposition Zone 7). 
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