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(=) ...-- .?~3..5-:._'f.h ELEVATION AT SURFACE P@ST PINICHSLD g * ~ w ~ ~ ~ ~ ~  ..--..-...-.-..-.-.---._--..- 
(-)  -...-. ...1-3..-\..Bd ..-.. ROD READING TOP UTILITY 

q.~-%..t...~-~- ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-)  -.,..-.-..-.-w.-l-l. - .....-.. ROD REIDING BOTTOM UTILITY I 
(=)----.-I---. ELEVATION BOTTOM UTLITY DEPTH (MEASURED) ..-x_dD, .. 

CHECK B C K  TO B.M. (BAECX SET-UP) DEPTH (SURVEYED) -- -Id-!...,-. -..-- 
SURFACE ELEV. ,.--.- %3..5.:.%. ..-." DIFFERENCE R _ S _ Q ~  ..--.-.......- 
ROD REAMNO (+I-  -- - J-L*,. a0 ..--. BOTTOM (MEASURED) .. -..._.-.,-,-.----- 
H.I. (=) ..--...- ¶.ki.lplp*.lpL\I.. -. BOTTOM (SURVEYED) --.,-.,----.--,-.- 
ROD REAMNG B.M1-) -..-- _hL_!-L DIFFERENCE ------ 
B.M. ELEV CHECK (=) ....,- %%.D!&~ 

WW - lllW OF WAY 
w r s - m r r o s u  
R - m y  UL 
WC.IY)( f fCUI I )  
6 1 . l L L W w u . l  
P - m u €  
LP . aK3 of P A m  
PC - m OF QRVATUIL 
V* - ODPIYI: 
D I W  W A Y  
En .%NWUII( 
CB - U T M  1119( 
0 -- 

-1ESTHOLL 

CROSS SECTIONK VIEW P- PINICHSU) "X"I0THER .-.-.- ..-.-. 
NOT TO SCPLE TK%3 SET T € UTILITY 

..Nu-. . COLoA RIBBON .&& - W Y X  ELEVATYH 

T . H . W  ..--.-.-... ...... ' RT LT OF - ..-............ - .............. Q ................... . . . . .  . .  ~JA. . - 
DESC E STATION S EET NAME 

W m  REWESrED UTLnY FOUND, a NO 0.D.ITYPE . -4." ..\N 1 STL. . b)45 L W ~  . . .  .,-, . . . . . . . . . . . . . . . . . . . .  
. PAVNG THCKWESS & TYPE N\ h ... .-. .- ....................... -. .-. . SOL TYPE W E T  , ,5QF.X. .- - -. ... .. . . . . . . . . , .  

....... . . . . .  REMmKS: .-.. .-. ...................... .-, . . . . . . . . . . . . . . . . .  ,.,- . . .  . . ........................ < 

........ . . . . . . . . . . .  ........... .-... Z~, &gPD, 4A.553 !:d.! 4-70 68. $9 . . . . . . . . .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . ,E. Ltb/30.-?~ . . .  



.............. ..... CREW CHIEF .-... m5.S Geotrack, Inc. CEOTRACK PROJECT NO. 17 0q7 . . ,, 

CREW MEMBERS --&~~-?. . m mM . "TL,T" LWATrnS 
CUSTOMER PROJECT NO- FC.Q-.2Srz 

.-... %~.Q_c,~!~'%='L ...... 7,279 ,,, 23rd (602) 331-3225 TEST HOLE No. ............................. a 
. . . . . . . . .  . ................ . CHECKED BY! Qw- Phoenix' kizono 85029 FCX (602) 331-8837 DATE W C  0.: 3?-.77 

.. . GENERAL LOCATION -!J~LE~BRZ ..T.~.E.Q \X PT.\%-?Q.&x ..Q.. .CSU.LL~W SH - . - & L L . . N ~ W \ ~  
. .  ....... . . . . . . . . .  . . . . . . . .  . SIZE/TYPE/MATERIK ANTIWATED ..$':.. ..--7.. .LA s LS 9 G  - - _ -.., , - -. - -.- -. 

. .  .... PAVf f i  CONDITON BEFORE WORK D~LE\S-?,n 
....... .............. JURISDICTION .. 6\35 ..-,05 ..-.- (~ .~QD?~.ZA-%.~  A 2  - ..- . . . . . . . . . . . . . . . . .  .,. ._ .,r 

.......... .... .... ELEVATw B.M. ,.,...-.. %3F1\..*~.3-- DESCRIPTION .X%M .ba:.. a00 o. ..QA\L ..\. PYW .: \5.~,! R-A~X ,... OY 
. ROD RErnNG ( + )  ------- 1--.!a- .... -93 ...% . 1. ...... ............. -. . .------.--- 

.. H.I. (=I-. .........- ?.!~.LI-~ clb B.M. QVENJLISSVMEDI~VEYED BY G- 

( - 1  2Je3-- ROD REIDMC AT SURFACE 

(=) ,..-....-- '3.5 .%,.f~f -. ELEVATION AT SURFACE PKIHUB-LD w ~ w / ~ ~ ~ ~ ~  ................................. 
. ( -  -...-...-.,.. J.R-:.~..a ROD R E m M  Top u T w Y  

(=)----..%3-%-o~\ ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-)-.,.-.,.-,-,.-I--. ROO REIDMG BOTTOM UTILITY 

= )  - - . - .  ELEVATION BOTTOM UTLITY DEPTH (MEASVRED) ..,- ~ 9 3 . 2  
CHECK BACK TO B.M. (BREAK SET-UP) M P T H  (SURVEYED) --Y~I.L -.,..-- 
SURFACE ELEV. ..-.,-.-- ?51.:..b.3 ..-.. DIFFERENCE .......... ~-?.!Ll.l,..-_ ........ 

. ROD REbDING (+ -, -..-- Z-b-0. ..- BOTTOM (MEASURED) . .,...-..-,-.,--.-. 
H.I. ( = )----~?.%SQ.L.!?-~. ....- . BOTTOM (SURVEYED) -,.-....-.-,".,...-..., 
ROD REAMNG B . M I - L ~ - ~ . A P - ~ -  DIFFERENCE -------.... 
B.M. ELEV CHECK (=) ..--.- ~ J - ~ L o ?  - 

WV - (1101T OF WAY 
m - r n T  TO SCuE 
R - PRORltTY L N  
B/C . BLEX OF am 
w -(LLDHD W L U  
C .-UE 
CP - EWC a P A M  
PC - POn OF M V A T U L  
Y W  - SXwKK 
D/W . DRNOIAY 
sl .BDIOYU(I( 
CI) WTM BCSII 
0 -uwmE 

* T E S T K X E  

CROSS SECTIONK VIEW 
NOT TO SCKE 

P K / H U ~ C H S U )  M ~ v ~ ~ ~ ~ ~  ..,...,.-.-.,. 
SET AT E UTlllTY 

-. JA. COLOR RIBBON .=!dud 
III 

9 39 -- - -kiiFii€ E U V A T D I I  

... ...... ..................... T.H. WD .--.-.......-... ! RT LT OF - ............. ....- . . . .  .......... ... . . . . . . . . .  
DESC E STATION 

-. 

It 
. . .  . - . . . . . . .  WAS REOUESTED UTILITY FOUND? @ NO O.D./TYPE 3 .L? \~TL .kh> .. L\@ . . .  _.. ..- .............. .,_., 

PAVING TMCKNESS (I TYPE -. f?!\ 4. .-.- ...-" ..-. . -... ....... .........- ".-* . ."- ,-.. . -. SOU. TYPE ->%I. .\ .&yx ...- ..- ....-. .. - ....... 



UTILITY LOCAION REPORT 
CREW CHIEF .... MOSS . . . . . . . . . . . . . .  CEOTRKK PROJECT NO. \ 70Y1  . , 

CREW ,, -%49kEZ I& =eo*r=k. lnc- 
SURVEYORS . UTLITY LOCATORS 

CUSTOMER PROJECT NO. .EC0.-95-.37. 
. pp. -...-. -- (602) 331-3225 TEST HOLE NO. - .... ? ...-. .. ..-., ..........-.... 11219 N. 23rd Avenue 

CHECKED BY: .... -.. ... ....- . ., Phoenix. kizono 85029 FAX (6021 331-8837 DATE WC , \ , D . . , ~ L \ ~ ~ J ,  ,,,- , , - , , -  , , 

. CENERK LOCATION -@Q!~&&~~%~M\.Y:. .... f?!l!T9s/X.-CL . -%~se.W _ wh+.tt. &A.bB..r?.E_m _ - .--- 
. .  .. -.., . . . . . . . .  SIZEITYPEIMATERIK ANTICRATED -0 :.: ..M ?arp.. bhCj L\Q G.. - - - . . . . . . . . .  .- -, _ - - - ,- - _ -. - 

. .... ...".., PAVING CONDITDN BEFORE WORK S_\~~-EI.FLR. 
. .........,...,....., . ...... . . - . . . . . .  . . . . . . . . . . . . . . . . . . . .  JVRISMCTION ..b~Dy.!&%%s .+. pz..- .-. - ,- ,-. .- 

...... ELEVATION B.M. -..-...-.. ~.3.BB,...03...-. DESCRIPTION X%dbb\ : . N.U. . U % N .  CoMC .... UAULY xm.$.: .....*.....- 
ROD R E ~ I N G  (+I !&6&.- . -36d 3E ..by_ -TI% .I.? .# .EL. +3.-.!!,-!=,.. 

..... H.I. (=I ... .-..... ?.%3.,-4~ B.M. CCLV~~~~.~~SUMED/SURVEYED BY GEOTRACK 

(-1 ---- ~ - L Q - -  ROO READMC AT SURFACE 

(=L .---.. ~3-@1b~C!..- ELEVATION AT SVRFACE PK/HUB/=HSLD "X"/OTMR ..................................... 
(-1 ,-...-....--..- qd,\ ,.-. . ROD READING T W  UTILITY 

( = u L \ f l -  ELEVATION TOP UTILITY 

(-1 -.-.-.-.-. -.- ,...-.-.-. ROD RfCDMC BOTTOM UTILITY 
ACCURACY CHECK 

(=I -...--.-----... ELEVATION BOTTOM UTLITY DEPTH (MEASURED, ._- b~', .. 
CHECK B K K  TO B.M. (BREM SET-UP) DEPTH (SURVEYED) ---&a -.-_.,-- 

SURFACE ELEV. ..-..-..- 19.3-8& -..-... DIFFERENCE aa-s.'-_..-.-. .... 
.. ROD READING (+I- ---.- -52...2fi - BOTTOM (MEASURED) - .-.. ...,.,_,.-.--..--" 

.... H.I. (=) ..,- % ! ! . &  _.. BOTTOM (SURVEYED) --.--,..--,....,-.~--".- 
ROD REIDlNC B . M I - ) _ ~ . & ? -  DIFFERENCE --------___ 
B.M. ELEV CHECK (=)..,338_101_, 

CROSS SECTIONK VIEW 
NOT TO SCKE 

WV - UWT Of WAY 
NTS . M T  TO SM 
K --YUC 
B/C . BLCK ff am 
I11 -(LUI(C WYL 
€ -cfNxRucE 

EP . EMX ff P A V Y M  
PC - POHT ff M V A N R L  OEPm fKY Y Y U k  

Y W  . SDEINK 
D/W - -AY 

PK/HUB/-HSLD u ~ / ~ ~ ~ ~ ~  ,.-... .-.-..,.. 
SET AT % UTILITY 

.kJd COLOR RIBBON .A!!= . .. .  

1 9.~.@L0k-. rrr - - h F r c ~  ELEVATYW 

T.H.DVD ..--............... ! RT LT OF -,-... .. .......,.. .......-.. ,..,*. Q ...................... . . . . . .  .-.,. . . . . . . . . . . .  ...... 
ESC E STATION 

dl$... - 
S REET N M  

. WAS REWEsTED UTLmY r o w ?  YES NO 0.D.lWPE . .,9̂ .. ~?!s?L: b & ~ .  c\&" ..... -,-. .,-~ ................ .,-, .......... 9 P A V M  THICKNESS k TYPE - ...... N.L..- .... -- .-....--..--..-,-..-.-....--.,-. .-. ,-. SIX. TYPE ...b ,vq . \..-5,~?,3.- , -  .,- ....... 
. .  REMMKS: ...-.. .... -. ..-- .. ............... ..................... . ........ ..-,. ... ." . . . . . . . . . . . . . . . - . .  ....- ...................... ..,- 

.... ..- . -.- .................. ..- .-..- .-. %//. i%X8. /Afh.TES: M, I.66 6 8-97 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . ._ ._ . . . ._ . . . . ._ . . ._ ._ . ._ . .  E, 46272,69 . . . . .  . . ,  



UTILIlY LOCAION REPORT 
..... CREW CHEF ...- ,..fiO?.? ................. GEOTRACK PROJECT NO. \YO 

CREW MEMBERS ---,!%SL - Q Geotrack. lnc. 
SRMYCRS - UTLITY LOCATORS CUSTOMER PROJECT NO.-FC&_.%.~-~. 

......... .............. .... .-..., ......*-... . ..... (602) 331-3225 TEST HOLE NO. 5.. ..-. 11219 N. 23rd Avenue 
CHECKED BY: .$(E ................. *izOno wo2. FM mo2) 331-8837 DATE . LO. :..a4 :.TI- . . . . . . . . . .  

G ~ R K  LOCATION .&4oolL!kg:../P.tto~~ !X-- . P1 \K?P%s.. AT. .-%QUOD W ~ S U U S @ . ~ G C  
SIZE/TYPE/MATERIK ANTICIPATED 0.;: ..v :?-. b e .  u ~ %  . . . . . .  - . . . . .  ...- -..- -. - .. - - .- .. _ .. - . .  
PAVMC CONMTDN BEFORE WORK lgT-Fl?&L'O. _.. . -. .......... . - ........ .. .... - 
JuRlsacTloN .. ,C\X.?/... -0.E- ~OQ.P.YF%... \ -e . . . . . .  . . . . .  . . . . . . . . . . .  .- ................ 

. . ELEVATION B.M. -.-....--..- %3..@.& DESCRIPTION ,T%.!!!. tf: b .0 :  UJ ..Coed 8 C~~~C:-..VP&.L~ *.-, ~P.P.M$. 
. . ROD READING ( )----&-&2 -3bds~ k5T. .o-F-.-T.: !Aq .-?.-*-.&>, 3 - ~ 2  

H.I. (=) ... ,-- ....- m%%3.:.~.?. B.M. ~IMY>ASSUMED/SURMYED BY GEOTRACK 

(-)------!sd ROD READMG AT SURFACE 

(=) -.-,....--. 133 ... !5.4. ELEVATION AT SURFACE P K / H U B ~ H S L D  w ~ " / ~ ~ ~ ~ ~  ..-A ...-....-........,...--...-...--... 
.... (-)  -....-.,..... 3250 ROD RECDMG TOP UTLITY 

 XI^^^&.^. ELEVATION TOP UTILITY 
ACCURACY CHECK 

. ( - 1  -.-.-.-.-.- ..--.....-..-.. ROD READING BOTTOM UTILITY t 

- .  ELEVATION BOTTOM UTLITY DEPTH (MEASURED) -.-.. 
CHECK BACK TO B.M. (BREAK SET-UP) DEPTH (SURVEYED) ,. .--. 3.&b -,,,.,-- 

SURFACE ELEV. .-.-.- 3.5,-1!-55 -.-... DIFFERENCE .. ...--. Q-+.,_~Q-~ .-.. ...... 
ROD READING (*L 5.L.0f i . -  .. BOTTOM (MEASURED) -...-.. ....---...-..-,-.--. 
H.I. (=I  --.- 2kkLd?-5..- BOTTOM (SURVEYED) -.-,,.,--..,.... --.-. 

ROD READING B.MI-) -..---, k.*-fr-&- DIFFERENCE -..----....- 

CROSS SECTONK VIEW 
NOT TO SCKE 

ww . acwr or wAr 
NlS - NJT TO LULL 
R -PRQDamur 
W C . B K x O C Q W  
B w . e C l L W W M l  
C - cmm UE 

EP 5U ff PA- 
PC . WHT W M V A n m ?  

DEPTH FRW YLWUY 

ww - mnu 
O/W -AY 
sl .%HWLIIM 
(21 - C A T W  B * P I  
0 -YLIHOLE 

TOP YUUY. YA3lmYDIT 

. m ~ w  

~k'K&H~~~HSLD "X3'/DTHER -.-"-.-- ,-,-.-. 

COLOR RIBBON . k , d  

T.H. DUG ..--....-........ .' RT LT OF --.--..--... ..-. % ...... .. .." .... - . . .  .... . . . . . .  . . . . . - . . .  ... 
DESC '$ STATION 



UTILITY LOCATION REPORT 
. . .  CREW CHIEF ..-... s.0 ~ ~ O ~ % L L \ .  Q Geotrack. lnc. GEOTRACK PROJECT NO. \70 Yl ., 

CREW MEMBERS d g - k %  
O R M Y O R S  - UTLlTY LOCATORS 

CUSTOMER PROJECT ~ 0 . - . ~ & - ~ s ' 3 ~ ~ .  

. .  .... . -. . ..5' !?"Y9!. -. .......... -. ..... .... 11219 N. 23rd Avenue (602) 351-3225 TEST HOLE NO 5. ..-.. 
. ......,.,. CHECKED BY: .D&f.- ............... 85029 FAX (602) 331-8837 DATE W G  . .  _\.~.:aq f .?3.. 

. GEMRL LOCATION ..~P&RALZW.E M.VI.. ..A\&Po.GT OF.. R ,L, XGAQGS-. - .---- 
. . *, . . . . . . .  . , . . . .  SIZE/TYPE/MATERIK ANTICIPATED - 8 1: 9.: 'P: bA.% L\ .!? 5 - - _ - - ,- _ ,_ -.- _ _ -. -,- - - - --.a 

... . . PAVING CONDITION BEFORE WORK -.%P.~~..L-T\ !&PP .---. - -..- -... .,-.-.---.----. 
. . . . . . . . . . . . .  ...... JURISMCTION -..- LA* 3.32 ...- b bQD .\-J E A C  -\ &% . . .  ..- _._ .... ...- -...... ..- 

..... ELEVATION B.M. --_.- 324-!!.:..~.3-, DESCRIPTION T%-%*.s? .:. ' 'a '~ Tk%*% &T.?-,%S.,! -.-. I \ , Q ; _ . ~  ,... OF ,-.-" 

. . .. ROD READING ( + )---~...I-~L --?-%!?kg f59Q- -3.0-b-I.. .-W.L- --&Y-'?- G 
....... .. H.I. (=) .... ., 3.3~~\..IIII.333.9. B . M . ~ J ~ ~ S I J M E D / S U R V E Y E D  BY GEOTRACK 

( -1  ----- 3-3.g- ROD REUJMG AT SURFACE 

(=) -..--.... 3~2,.0.S.-. ELEVATION AT SURFACE P K / H U B ~ C H S L D  w ~ a t / ~ ~ ~ ~  ..--...--..._........-..-.....--.-... 
(-).-7..,...-....-?L~RR3 ROD READING TOP UTILITY 

(=)-!3.a~-3g- ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-1 -.-.-.-...-..--...-.-..- ROD REUJMG BOTTOM UTILITY 

(=) - - . - - _ _ _ _ _ . _ .  ELEVATION BOTTOM UTILITY DEPTH (MEASURED) -.-- 3 . ~ 3 '  
CHECK BACK TO B.M. (BREM SET-UP) DEPTH (SVRVEYED) -,--. AJ,~! ..,..- 
smFACE E m .  ......-.,, %a~..!..os DIFFERENCE ..-.-.-... ..-.....-- 

.. ROD READING (+)I ....-.- .-..$,%a ., BOTTOM (MEASURED) . .- ...-.,.--, ".,., ,,- 

H.I. (=I --....- .%iQ2..&n. -.. BOTTOM (SURVEYED) -...--..-,.,..,.-.-....- 
ROD R E ~  B . M I - ) - _ I P ~ ! L . .  DIFFERENCE ------- 
B.M. E L ~  CHECK (=)...-.-!La\- 

CROSS SECTIONAL VIEW PK/HUB=CHSLD *X"/OTHER -.-..,.-,.-. 
NOT TO SCALE T Y M  

RIV - RW7 Q WAY 
SET AT P UTLITY 

ms . mT TO XLLL 
R - PRORRTY UL 

COLOR RIBBON .%~d 
W C . ~ Q C l m  
Bw -- W U  
cL - CfNTER UL 
w EDQ ff PAYYWT 
PC - P C M  ff W A n m  
Y W  BEIU 
D I W  M A Y  
w .%HCHURK 
QI CATCH B*SW 
0 -- 

TEST KLE 

$ :Em 
. --- ............. .................... 
WTTW YMM &*SIREYHI BOTTW Q URRI PCVAMW 

T.H.DW .--.- ..-........ ! RT LT W - ".. . . . . . . . .  ... ....-.. ..-. . . . . . . . . . . . . . . . .  
DESC STATION 

*AS REWSTED mrnr r o w ?  @ NO o . ~ . / r y p E  .. 2:; . -.M.\-~sL.= .,k.%$ . . L \ ~ G  .... ".,-., ................................. 
PAVING THICKNESS & TYPE -. ..dl& .- .....-. ............. . -. ...... S O I  TYPE ...tf.w .... k.O$g, _ ,,-. - -. ...... ... 
REMARKSs ............................................................................................................................................~....... 

....-..-.--.... ...... ilrk..&~f4/n/p?~5.~ d... L/& z/?. 7.8 .......................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
......._............._........._........._....... . . .  ,.6. L / 7 0 6 S , ~ z -  . . . . .  



UTILITY LOCAION REPORT 
CREW CHIEF -.TO RTO KGLLJ. , .. .. 

eotrack, lnc. GEOTRACK PROJECT NO. 11 0 47 ,. 

..... CREW MEMBERS ~ . & . ~ . ~ ~ Z - . .  -. b Z v E y w  " T W Y  bXATrXtS CUSTOMER PROJECT NO.. . ~ ~ . - ~ r ~ . ~  
....... --fiua~L-'L- 11219 N i l r d  A r m  (602) 331-3225 TEST HOLE NO 1 ........................ 

c c  v ! . . . . . . .  kizona a5029 F" 331-em7 DATE wc . 10 .: ,a. 3 ,- 37. .......... + . . . ..... GENERAL LOCATION .UCF~~L--B.$ , - -..\, 00.0' ..£.ASS. .o.E.. -E-SX%E LLH ?\CŴ JL- ..-... ..,- _ 
. -. sIzE,TYPE/uATERIAL Mtc lPATED ao:. T .LTSQG~ -'P\S,L\N.~ . . - .  - - . . . . . . . . . .  -,-.,- - - -,.-- - - ..... -- 

... . . .  PAVING CONDITION BEFORE WORK -P\-PL%&d - ..-----.------. 

JURISDICTION .cLc% 2.E- ..& 0>.%5%- .+ h&. . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . .  ._ ...... _._ ........ 
. ELEVATION 6.U. --....-..-. %iq..:.J.a-. oEscR,TloN T%.~#.5.0  1,. 3 .L ...,N,,. ..u, ,..ms,...s,,_.fi,.g,._ 

ROD READING + - . - - % . c % ! !  ... . - .. -. .....-..... . .  . .... ___  _X_l_____ 

.. 14.1. (=1 ........ ...- ~i..a.7 ...s B.  B.M. .@VEWWSVMED/SVRVEYED BY GEOTRACK 

(-)-----ha% ROD READNO AT SURFACE 

(=L -,..- qla.~-~.33-. ELEVATION AT SURFACE PKIHUB/@CHSLD w ~ - / ~ ~ ~ ~  ...--..-............-...--..-..-... 
( - I  .....-.-..-.,.. 1\-0,-\-&.% ROO READING TOP UTILITY 

(=LA%% ELEVATION TOP UTILITY 
ACCURACY .- RCD READING BOTTOM UTILITY 

(=I  --.--I--..-.-.1I. ELEVATION BOTTOM UTLITY DEPTH  MEASURED) -..- ~ % 0 & - . .  
CHECK BACK TO B.M. (BRELK SET-UP) DEPTH (SURVEYED) -,-. -.u .,--.,-.,-- 

SURFACE E m .  ....--.-- ~\a~-:-2a-.-.~ ...... .................. D I F F E ~ ~ ~  a._a.Y 
.. ROD READING (+I-. ---.b.! 9%- BOTTOM (MEASURED) ...,.. ...----.--.--_--- 

. n.1. ( = I  ..-...- 1.a.11,.17. -.. BOTTOM (MvEYED)  .--.---..-,--....--.-,--.-.. 
ROD READING 8 . ~ 1 - )  -.--- 3~.S--  DIFFERENCE ------___ 

CROSS SECTIONAL VIEW 
NOT TO SCKE 

P K / H U B ~ H S L D  *X~/DTHER .-..... -.-.-. 
T1EIl( SET AT P UTILITY 

WW . raan w WAY 
HIS - WT TO SM COLOR RIBBON .%k!=~kd 
R - m m Y  M 
wc.uYXwcam 
w - - w K L  
Q .conau€ 

W WQI OF P A M  
PC - m w C U N A n m  ~ F K Y Y Y C U .  

Y W  . Y X I U  
YAm7EYWT 

OIW - L R N E I A Y  
er -EamuwN 
Ca -C*Tcn BASII 
0 -uwKu - TEST HOLL ; . m m m  
5 -paE 

......... 
BOTTOY YUUN YASUmOn 

- - "  . .-.- -.. ".."-.." 
BOTTW OF u n n y  ELEVATD~ 

1.H. DUG..---... ...... ..? RT LT OF ................. .- ................ ...................... 
DEsc E 

.. ,.- 
STATION 

- F I G  8 . 5  - . 
STREET NAUE 

. w e  RECPJEsTED UTr lTy  F o w l  @ *, O.D./TYE ..a!:.:- .b%nQ, ...sxb-bL. % T ~ \ ~ ~ u M ,  ..&\qz . . . . . . . .  
P A V w  WCKNESS I TYPE -Nh.-.- ....--..- . --....-., . -..---...--. ._ -  .,-. .- S o l  TYPE tfh%b, ...\ Q%Y ..."-.. .,,- .. .- . .,.- ..... 

..... -... ..... ............. ........ ...... . .  REMMKS: -..- - - - .--. -.--. ............ _ .-... ..- - .  ._. . . . . .  .--. ................... ........- 
.... ..-.-.-.....-.., -.- ..-.......w..-.-.-.. ......... %,~,.,&?DDII(/ATE.$ A/. .68!?-32._ . . . . . . . . . . . . . . . . . . . . . . .  

.... . _ .̂.. ............... .,- .__ . . . . . _ . _ . . . _ .  ,. . . . . . , .  E .+62 3 1 , W  . . . . . . . .  



UTILITY LOCAYON REPORT 
CREW CHIEF .-... ... M O %  ............... - GEOTRACK PROJECT NO. i> 0qT . .  

CREW MEMBERS - .C -~UZ .... Geotrack, Inc. & , UTLTY LCCATWS 
CUSTOMER PROJECT N O . - ~ ? C ~  ?6-\ci39-. 

...... ............... .... .... S ~ . ~ ~ . W L U , I  ....... ,1219 N, 23rd A~~~~~ (602) 331-3225 TEST HOLE NO. ..8.. -. 
............ . .. . ....,.. CHECKED BYt 9 1 k  .., ..., ., - kizono 85029 (602) 331-8837 DATE Duc .\b- .a3...q7 . -~ -~ 

..... GENERK LOCATION N. ~\VE-.&L-%S-..+...%.-\~PO~ Ek%S OE-.E~T(LEL*.%SJ, ..-...-.-.-.--.---- 
.. . ,.. . . . . . . . . . . . .  . SIZEITYPEIMATERIK MTICpATED .aC. TET POLGUM -7S?.EL\VE.. , .. _ .- .-..- _, .. -. .- -. - - -. -. 

. .. .. . . . .  PAVING CONDITON BEFORE WORK - -.--- -- 
................. . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  .. JuRlstncno~ 9x3 ..-.. 6L,. GGo0~x~k&. ,,. 4?- .- .- 

.. ...... ELEVATION B.M. ..,.-.,-- ?,2.3.-1& DESCRIPTION .XSW..48 :.. ..K .C. sr? 'A-.W !.:.r..S :.5.S?-%--..%.L-BB4; ........-.-. 4;4; 

ROD READING (+) ----- 4.&!!b- _-__ --.-.... .... - _  .._........ -__ ._.. .._. ____ _ ,____ __.I__C_-_ 

H.I. (=l. .. .--..._... 4..%.225&. B.M. ~U~~(LISSVWEDISWVEYED BY GEOTRACK 

(-)---A!&- ROD READMG AT SURFACE 

(=L--.-?@.:%. ELEVATION AT SWFKE P K I H U B ~ C H S L D  w ~ f l / o ~ ~ ~ ~  ..--.-,..._....--..--.--.-,.- 

-%\3 -0k  ELEVATION TOP UTILITY 

( -1  --..-,,-- -.- ,.. - ROD READING BOTTOM UTILITY 

( 1  ELEVATION BOTTOM UTLITY 

CHECK BACK TO 8.M (BREAK SET-UP) 

m F a E  ELEv. Aa.o",-?Q 
RODRErnNG (*L I.-,- Lsll-", 
HA (=I --..- 1 ~ 9 ~ 2 2 -  -.- 
ROD READING &MI-1- 3 *ssss 

.. B.M. ELEV CHECK (=) ...-.., %!..3-!.-\9-. 

ACCURACY CHECK 
I 

DEPTH (MEASURED) --33.a7- ---.. 
DEPTH (SURVEYED) -.--.3,%% 7,-....,- 
DIFFERENCE --.-.--.- QDD .- .....-.......... 
BOTTOM IUEWURED) -,-.,-.,-,I.-,,.,_ 

BOTTOM (SURVEYED) 

DIFFERENCE ------.. 

IVV . BOR ff WAY 
m WT TO SM 
n - mORmY uc 
W C . B S U W Q I B  
I P I - m . u o m w L L L  
P .awrERM 
0. .ma ff PA- 
PC . P(rm ff M V A T U L  
fPI - SDEXLU( 
D/W -AY 
w .BD(OUlib: 
CB . CATCn B A m  
0 -- 

- E S T  KICL 

CROSS SECTIOW VEW PKIHUB/~T#CHXD w ~ v ~ o ~ ~ ~ ~  .-.-... ...-..,.. 
NOT TO SCKE FYM SET AT E LlTY 

fleas. COLOR RIBBON .l!-,~lA .................. - SWFYX EKVATIW 

/ 

T.H. DUG ..-.-..-. .... ."..: RT LT OF -..-.- .--...-- ....- ............... -. B .............. - ..- - ... ............. Y C .... 8.2. . . . . . . . . . . . . .  
DESC F. STATION STREET NAME 

w u  R c w E s n o  a n y   ow? @J NO O.D ,TYPE .-a): . LOWPCID. _STE~L P G > ' P O ~ ~  R L P E U ~ E  . 
PAVING THICKNESS (I TYPE --&l&. ,. -., -.- ,- .-.,,-A , SOIL TYPE -h\A'&~.~-$?f?/-- - - -- -- - 



UTILITY LOCAION REPORT 
......... CREW CHEF ..,<. #TOR%\ Geotrack, Inc. GEOTRACK PROJECT NO. \I 091 . . , 

CREW MEMBERS -5.* ~-C'ct.%~--- CUSTOMER PROJECT N O . ~ C ~ ? _ ~ ~ ' ~ - ~ ~  

....... .-.. ...... 112,9 ,,, 23rd (602) 331-3225 TEST HOLE NO. ....... 9.. . . .  .............. 

........-... . . .  . . . . . . . , , ,  
.... GENERK LOCATION ..&-.%P%_. .J\cBS. .$ 3. .\?&o!?'. .k&%r. -...OF &u. ' ~ ~ W Y L -  

.. . . . .  . a:. .. . . . . .  . . . .  . - - . - . . - . . - - .~<_" . .  
. . . . . .  ........-. .-..... PAVING CONDITION BEFORE WORK - v - L ~ - ~ - : ~ . . . :  _---- .- - - 

. -... . . . . -  JURISDICTION ..QX\i -.a~',. .,.b .w?-'(~%A. ., fs2- . . . . .  .- . . . . . . . . . . .  ,,-. ..,- ._. ,._ ,,,. .- 
........ . . .... ELEVATION B.M. ...,.-.,-. 3.&3..~a.. DESCRRTION n.w#..58::. 3. c.. AN. b . . , ~ . .  ,...st ~.\QE.,. .-fi.~..&.5 

. . ROD READING (+) - -AA-b.  _ -.-- 

H.1. (=1 ... .-. .....-. 1.~3,..f;_.~.. ~.MI JVEWASSVMED/SVRVEYED BY GEOTRXK 

(-)-----!d& ROD READING AT SURFACE 

(=L -...-- ~.OOQO~.l.SS. ELEVATION AT SURFACE P K I H V B I ~ H S L D  v ~ w / ~ ~ ~ ~ ~  ...--..-...-.......-...--...-..-... 
(-) .....-.,..---..--. LtfiBB, ROD RECDHG TOP UTILITY 

( -9 f i J0 -  ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-1 -.-..-.,,-.-.-.- .,--- ROD RELDW BOTTOM UTILITY 

ELEVATION BOTTW UTILITY DEPTH (MEASURED) AA?' .. 
CHECK BACK TO B.M. (BREM SET-UP) DEPTH (SURVEYED) ---z-R!' .,- 

SURFACE REV. ..--..-- ?.2!?s7A --.-... DIFFERENCE --_.- ,asl.-.--. -.- .. -.- 
ROD READING (+L ---.-. 10. a ---- BOTTOM (MEASURED) ..-.~...-.,_--.-,----- 
H.I. (=) .,... _9..2-2,3.b -..--- BOTTOM (SURVEYED) -, .,.,.-----,....--.-. 
ROD READlNG &MI-) -.--I A.L!&$-_- DIFFERENCE .--.--,----.. 

B.M. ELEV CHECK (=) ...--...- 31s2..1.1 -...- 

CROSS S E C T W U  VIEW 
NOT TO SCKE r m  P K ~ H U B / & & C H S L D  w ~ * ~ ~ ~ n ~ ~  .-.-.". -.-._.. 

WW . raon or WAY 
SET AT € UTLITY 

m - m r m t c w t  
R - PR(PEllfY UC 

-.€hsT - COLOR RIMON RIM O ad 
W C . 8 * M o r a m  
8w .- W L l L  
c .comRUC 

CP . oDa OF PA- 
PC - POHT cf amvATII1L 
V W  . BEIU 

DEPTH FRCU 5UM1 

Dm . calwwAY 
w .BPIOUIRK 
a -CATCH E m  
0 -- TOP YUUY 

TEST HaL g .FBnYmMn 
-WCE 

....-.----.. .......... 
mnw YUUY LEAPU(OOn 

b-Ti-ai @ iriuT.Y ptjAT.& 

T.H. DM.-  --... -... -...' RT LT Of ---.-..-...... ........................ Q ....................... ......... .MCC. .85 . . . . . . . . . . . . . . . .  
DESC fi STATION STREET NAUE 

WAS RECUESTED UTUTY FOUND? a NO D.D.ITIPE ..... \?!1 ..... CPprIEB.. -5S.ESk . .TcT.?+.LE.?~H~.. L.( .~E ...... 
P A V W  THCKNESS I TYPE -..%.I..&. .-...-. .-. ..-. ..-.........-..-.. ..- .-. SOL TYPE -!A%%P %,+ .p%-l .....-.. .... ..,,-. -,- " - . . . .  



UTILITY LOCAION REPORT 
CREW CHIEF ....... .MOSS. .,,_... ......... GEOTRACK PROJECT NO. \I 0 q7  . , 

CREW MEMBERS ~PL)L Q Geotrack. Inc. 
 SURVEY^ . UTUTY LCCATORS 

CUSTOMER PROJECT NO. #%Lt.-7-5:3. 
... .. .. ..... . O . . .  11219 N, l ~ r d  A~~~~~ (602) 331-3225 TEST HOLE NO ...... 1.0.. ..-. 

CHECKED By: . n e -  .............. Phoenix. kizono 8 5 0 ~ ~  FM 3:602) 331-8837 DATE W G  .... , .LO - a 3 .-.t7. . . . . . .  
4 

. .. ~ R A L  LOCATION ..S?::3*%. -PL.BB. 3 0 . ~ ' .  kh5S .b.F E S S I L E U  ?L.w-~-- .- .--- 

..... . . SIZE/TYPE/MATERlK NTICIPATED a,.. ?t5wcc * ?\P~,LL~~E - . . . . . . . .  - -...- -. - ... - - - ... -.... -. . .  
.. . - . . .  .. ... . P A V M  CONDITION BEFORE WORK -~\R^53.&1.h!1'.-. .- - 

JVRISDICTION I .%Kt3 -.-, ?-T...---G.oQQ.Y~AK ..... I 4% .........-... . . . . . . . . . . . . . .  I,- ......... ._ ....._._. ..._ <... 

.. .... ELEVATKJN B.U. ----.. !L%~~..S@ .,.-, DESCRPTION 30.t&.?.5.8.i-. .%.-G .ofJ H&.: ..:... ...5 .:.S+I\P~P .,., NLLBS .,,-".-... 
ROD REIDlNO (*I ---- k!&.-- -- ---, . -. . - .. - ..... - - .. -- - -, . - ...... - .. - .. -- --. - --- 

....... ..... H.1. (=1 .... .- %an .\.m B.M. CLV+N~A~SIJMED/S~RVEYEO BY GEOTRW 

(-)----~.1_\- ROD REIDMC AT SURFACE 

(=L .---...- 3-~.~33.... ELEVATION AT SURFACE P K / H U B / ~ C H S L D  w ~ M / ~ ~ ~ ~ ~  ..--.--..,..v.-.-...-- 3.33.3.33 

(-1 --..--...---... ~ o . L D . ~  .,-., ROD RELSMG TOP UTILITY 

(=) 9 ~l& ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-1 ROO RELSING BOTTOM UTILITY I 

(=) --.--.---. ELEVATION BOTTOM UTILITY DEPTH (MEAURED) ---?L&&-.. 

CHECK BACK TO B.U. (BREM SET-UP) DEPTH (SURVEYED) - ,-.L%..%& ,-..__ 

... SURFACE m v .  ..-.,-.-.- l a 1  31 ....-.... DIFFERENCE .- .-.. ..o-,. ~ 2 . l  
.. ROD RELSING (+L ......-- ..-- L.L%~..- BOTTOM (MEASVRED) -.,.. ,,.-._,- , .....-.. 

H.1. (=I .,,-- -.- ~I:-.II ..-,. BOTTOM (SURVEYED) --.-.,..,-,,,..,,.--.-" 
ROD RECMNG B.U1-) %45 DIFFERENCE ------------ 
B.U. ELEV CHECK (=) ...-, 5.2.3-r.U.-- 

CROSS SECTIONK VIEW 
NOT TO SCKE 

WY . raan or WAY 
m3.mr rosurr 
R - PRORfTY WE 
B/C . Em a CUIB 
w-IIIDHO w u  
c . a101 UE 
w - ma a P A W  
PC - Pan OF M V A M  
V W  - ODC*M 
D I W  . DRIMIAY 
w .BDIWURK 
a - CAT61 I)= 
0 -YUHDLL 

TOP YUUY YE*SUIEWT - TEST HQL 

PKIHUBI-HSLD "X"/OTHER .-.. .......-.... 
SET AT E UTILITY 

COLOR RIBBON .~!&&d 
WRFK€ E1IVAMW 

. . . . .  T.H.WG --,.-...-....' RT LT OF -.- ...--.............................. E ...... ................... ......... ..He. 85 
E S C  '4 STATION STREET NAME 

WAS REWESTED UTLITY FOUND? a NO O.D./TYPE .... 12': .... .CP.*X K.Q-.. SSEE b . -7Y.m %Q.L~F-V~.._L,\*.E. 
......... .... .. ...... PAVING THICKNESS I TYPE ,. ..M \.A ..-....,.. .-- ...-....,- .,.. ..-. .-... SOL TYPE .%o \-P,%Y .....- ..- .--. ..- 

REUMKS: ......-................................ ..-.. .......................................................................................................... 
................................ .. ...................... ........................... ...._ .,_ . . X . .  .&RQYAI ~ 6 5  I d.. -4ts 8 j.fL. ..3 8 
. E . - 4 6 3 ) 1 . . 2 7  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . .  



UTILITY LOCATION REPORT 
CREW CHEF . -70 F7.?ak~\c.\.. ... ,- 

eotrack, lnc. GEOTRACK PROJECT NO. \Tbql. . 
CREW MEMBERS -5 *$B-%--. - CUSTOMER PROJECT NO. - f ~ o - _ E  := Q f Y  . "1k.Y ,,,, 

N, 23rd ............~.............. ,602) 331-3225 TEST HOLE NO.- ..... k!- ....................... 
CHECKED BY: . R k- - .................. Phoenix. k i l o n o  €5029 F a  (602) 331-8837 DATE WG ,, , .lt).: a 3,- q1. , , . , , , .. , 
GENERAL LOCATION ..-!&.S& .-.wL.% .<.. -.y .?. .-.!.wQ'. .E.!+T .o..F- P-ZU- .~.k%y.- 
SIZE/TYPE/MATERIK ANTICPATED .UUY-- ... XZE Mc\.-- hBEC - 09TIC . T E L ~ ' P . ~ Q E  .-.-, Ll.+E--. - - . - . -.,- .. 

. . ,.. PAVNG CONDITION BEFORE WORK -PL%-?-%.-&!~...L_ .L_L_....L_,~L_L_, -.L_-..~ ---- .-_-- - - --- - -" --.-,--- ,--- 
JURISDICTION .. ...&\-!?I.- EF-- b o c ? - ~ - ~ ~ k v ~  .... - ...... .- . . . . . . .  .- . . . . . . . . . . . .  . .- .- ..................... 
ELEVATW 8.M. --_4.23.:.1a -....- DESCRPTION X%:Y-..SQ ..:. CB.C.. .... od .. H.W ....... SM~~,..SQ.B..- .........-... 
ROD READING (+) ---- %s .. ---MC.B-S. ...... ............. --.-----_-- 

... H.I. (= l... ...- ?.alA.q7 ..-.. 8.u. . ~ ~ V ~ J . A S S U M E D / ~ V E Y E D  BY GEOTRACL 

(-1- . a&--- ROD READING AT SURFACE 

(=~-..Ia--&l--.... ELEVATION AT SURFACE P K / H U ~ H S L D  "XVOTHER .,-..--..-....,---..---..-..- 
(-)  .....-....-. l.R:.Qb . ROD READPK: TOP UTILITY 

(=&L ELEVATION TOP UTILITY 

(-)--.--------- ROD READNG BOTTOM UTILITY 
ACCURACY CHEW 

I - -  ELEVATION BOTTOM UTILITY DEPTH MXSJI?ED) --.,33.) . . .  , .. 

CHECK BACK TO B.M. (BREAK SET-UP) DEPTH (SURVEYED) -..- L!: ,,--- 

SURFACE ELEV. ..----.- ?-&..gJ -a"---., DIFFERENCE --.-...- aAQ5.L ........-.-.- 
ROD READING (+L -.--.- hd.b- -...--. BOTTOM (MELISURED) -.-...,-.---a -,-- -- - 
H.I. (=) ..,..- 3a3.)..~3?L-....-. BOTTOM (SURVEYED) -,.,,--,..~-..---_.- 
ROD R E m G  ~.MI-1 ----I %-a~ MFFERENcE ------___ 
B.M. ELEV CHECK (=).,%~.d.ik- 

T.H. DUG.---.-... ...... ! RT LT OF -..- ................................ E .................... ......... ..H.G .... 8.5. ...... . . . . .  
DESC c STATION 

11 
STREET N M  

REWESTED uT.ny r o w ?  @ No o.o./rYPr . . . . a . Y g - . ~ ~ h ~ ~ . ) , ~ .  .-TE= . (o*m-~J.-. ............................ 
PAVING THCKNESS I TYPE -. .N.! .k...-....-- ..-. ..... .-" ..-.....-..-. ..-.. ..-.. SDh TYPE .Hk<O... ( .OG! ,"- .,,-, .,,- ... . ...... ..,.., 

.......... REMmS: .. ........-...............-.. .--. ................. ..,--...-....-. . .-. .................................................................. 
.. ........ ,,..,..,".....,..,....,...,........ ...................... .-- --- .-.- ~ d .  &~KB M.BTC si .u, t.sac.7,. 33, 

. 6, 36.~71, 3s .....-............................................................. . . . . . . . .  

CROSS SECTIONK VIEW 
NOT TO SCPLE 

PKIHUBI-HSLD * X ~ O T H E R  -.---. 
fYM 

ww - rw;wr w WAY 
SET AT f UTILITY 

w n . N O T T O x x E  
R - PR- LIC . F ~ T  COLOR RIBBON .-@&)-b! 
WC-BLO( f fCUl l  
IIW -8*OII) W U I  SUKMX NVATYJH 
C . m m w  
w - EDCC OT PA= 
PC - P a n  ff W A n m ?  
Y* . gDClU 

(EPIWnnrranwr 
D/W - -AY 
Em -aorwwac 

UTW e m  --_15_:3.L ---_-. 
0 -- TOP YUUY E m  

. r n T H O L L  

B :Em 
-.------.-- .- .-"-- 
BOTTW W I L  EAsmomIl ift7&z ~ cy-&ii* 

I 

aq.00' 

q=i .'lo 
$ 

Yh 

I I 



UTILITY LOCATION REPORT 
CREW CHIEF .... ..No5 5.. ............- GEOTRACK PROJECT NO. \'l oql .. , 

CREW MEMBERS -c&V~-- . eotrack, lnc. fvcym u T W Y  LmATms 
CUSTOMER PROJECT NO. .KO-  .%- 7 3 . 7 .  

.............. -.- .............. .... .......... ..... 11219 N. 23rd Avenue (602) 331-3225 TEST HOLE NO. .A a.. 
CHECKED By: .De., ............... phoenix, kizona, 85029 FAX (602) 331-8837 DATE DUG .. \b.- a3.-ql . . . . . . . . .  

.. . .. G M R U  L o c A T m  %WM-%O -3T .\>-OD-.. ..E. O.F. .-ESSIRE LG .CIT~U~ ..:-. ._. .--- 

SIZE/TYPE/UATERIK ANTICIPATED -\S.y:.. a% .Sk~ec. . U Q ~ .  _ . . .  - . - --....---.. -.-..-- - -.--.. . 

.-. . . . .  . PAVHG CONDITON BEFORE WORK -n~%?4-.-.%.. . M & w a  .- ..- - - 
. . . . . . .  . . . . . . -  ... JVRISDICTION .C);T% bE-. .b ~ Q Y E %  \. $.?. - .- . . . . . . . . . . .  .- .... .,- ............ 

.... .... .. .. .... ELEvATm 9.M. ....-..... ~ . L - ~ - * - ~ . ~  ..,.-. DEscRtPTloN SCW.. TNT..~F \ W..I a00 A . ~ r t \ ~  1.e %.W~~O,A.S e..: 
ROD RECOIN0 (+) -..-- AAj ---- &I ~.%u-LL$+~~O - .w*%.. .-k.%k@~'Mw-, ----.----- 
H.1. (=I-.. .--.. %na.3.1.~,q B.M. IvE /ASsuMEo/swvEYEo BY GEorRuK Q 

( -1  -----.%!-%I- ROD RECOHG AT SURF= 

(=) --,. %LB.&.\I -.... ELEVATION AT SURFACE PKIHUB-CHSLD w ~ w ~ ~ ~ ~ ~  ..--.--..-....-,,.--.-... 
&.D-Z .-.. ROD READM TOP UTILITY 

(=)-%&A(&- ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-) ~--..--.*--.---- - - .  ROD RECDMG BOTTOM UTILITY 

. ELEVATION BOTTOM UTILITY DEPTH (MEASURED) -Lf!L\.---. 
CHECK BACK TO B.M. (BRELK SET-UP1 DEPTH (SURVEYED) -.-2.d..1-,-.. , 
SURFACE ELEV. ..-..-- %.L&.r5b cpcpcpcpcp DIFFERENCE .-.-.. A~JO: .-....-.. ..-- 
ROD REmNG ( + L. ---..- 5A.J ..--. BOTTOM (MEASURED) -.,.-,-.-,-.,--,. 

H.I. ( = ).A--.%-%3.9..1- -. BOTTOM (SURVEYED) ,.-....,,-..-....--, 
ROD RELMNG B . M ~ - ) - S * I \ ~ - -  DIFFERENCE ----- 
B.U. ELEV CHECK (=) ...-. 31.L.3-.~-- 

yrl. fDEIYX 
D/W W A Y  
m -BOMUT(K 
ca - CATW 8- 
0 .YIIHOCE 
*I 'TEST KlCE 

.WCE 

.............. CROSS SECTIONK VIEW P K ~ H U ~ C H S L D  "X*/OTHER 
NOT TO SCKE F Y M  SET AT C UTlLlTY 

GA5-l COLoR RIBBON .-&-%~d 
rll SURFUT ELEvATm 

T.H. WC .--..-. ....... .# RT LT OF -..- .......-..................... 8 . . . . . . . . . . . . . . . . . . . . . . .  BR~A-PI~~RX- fa. . . . . . . . .  
M S C  q STATION STREET NAUE 

,, 
... .... *........................... WAS REWESTED UTILITY FOVM)? NO O.D./TYPE 15 . ~ L . ~ s T \ L .  -5.~1x MA. SLUG% .,.. 

P A V M  THCKNESS I TYPE . ..-.- .-. ..-......-.. .-- ...- .-." ..- SOL TYPE -my,,.,, .x.m. ...-... ..- . ..-.. ........... 



UTILITY LOCAION REPORT 
CREW CHIEF ....... WOSS . . . . . . . . . .  & Geotrack, lnc. 

GEOTRACK PROJECT NO. \? 0q7 , . 

CREW MEMBERS 9.k -. 
SRVEYORS . VTLITI  LCCATORS 

CUSTOMER PROJECT NO. .F~~_75-37-  . 

........... -. .................. ... ....................... 11219 N. 23rd Avenue (602) 331-3225 TEST HOLE NO. .l3 
CHECKED BY: v!c - Phoenix. Arizona 85029 FAY (602) 331-8837 DATE WC - , 10; 3 3 -97 ,- , . . , , ,. ............ 

.. . .. . . GENERAL LOCATION -%9,~-\1?'4-.%b.:-.. ?.. \WD' .G.k5.~ .OF... EST.- ."P-w~ - 
.,.,, . .. . . .  . . SUE/TYPE/MATERIK ANTICIPATED UNF. .". S L Z ~  .~wQ.%.taE.. U-Q~,, - .- -..- -., - - -. - + _-. 

....- .. . . . . -  - -. PAVMG CONDITKtN BEFORE WOW _OJ=-L!~AJ.SL.-&P.-W.% - ---- 
................. .... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. ...... JURISDICTION .hd ?z .-- \ 3 ~  QbxE.AL +. k .- .- 

.... . . ... ELEVATION B.M. --.... %LB".~.@.I~- ,....̂  DESCRIPTION m\~ : ~m.. t;( \b : A o ~ h  w\L.. IN %,W.~!QW-~X..,~.-- 
ROD READING ( +)--.-%-%I - 9 .  ...&.%... h , -  . 
H.I. (=I ,.. ..-3.as3 .... 7.3 .-..-.. B.M. G@~ASSUMED/SURVEYED BY GEDTRACK 

(-),--U&-- ROD READING AT SURFACE 

(=~-,918-:.5-L- ELEVATION AT SURFACE P K / H U B ~ H S L D  u ~ - / ~ ~ ~  ..--...--..-...--.._..- 
(-I ,.-..-....-.- TL,~-\..-..... ROD RELDAJG TOP UTILITY 

(=)9\& ELEVATION TOP UTILITY 
ACCURACY CHECK 

(-) ,,..,.,,-----.-. ROO RELDING BOTTOM UTILITY I 

= )  , -  ELEVATION BOTTOM UTILITY DEPTH (MEASUREO) ----dA9 r-... 
CHECK BACK TO B.M. (BREW SET-UP) DEPTH (SURVEYED) -.-,. -d&l-- 
SURFACE ELEV. ..-.--.- %L%.i.5.3 --.-- DIFFERENCE --.-.- *--. Q.:G! .-.-.-" .--- 
ROD READING (+L ---.- 52!%5 -... BOTTOM N4EASURED) .- - ,-, , -.- -..- - 
H.I. (=)--...!!%~91-. ,. BOTTOM (SURVEYED) ,,.,--...,,l...,., 
ROD READING B.M~-L-%~-.- DIFFERENCE ------ 
e.u. ELEV CHECK (=)..,%%A3 

ww . m OF WAY 
h l S  - W T  TO SCME 
R - P R O R n Y  L N  
BlC - B Y X  OF UVS 
D w - - w u  
€ .CDnERUT 

w EDQ OF PA- 
PC - WHT OF Q I V A n m  
Y W  - 
D/W - W A Y  
81 .BDXHWIK 
ca . W T C n  (I- 
0 -UWCCL 

-TEST KXL 

CROSS SECTlONbl VIEW 
NOT TO SCUE 

PKIWB- TIOTHER I....,. ,.....,.. 
SET AT P TLlTY 

, .'E k5-Y . COLoR RIBBON .--!& 

7 

T.H. DUG .--...-. ...... RT LT OF -..- ........... ..- ................ 8 . . , . . . . . . . . . . . . . . . . . . . .  .&8$&hf ,.I@ .......... 
DESC E STATION STREET NALR 

. 

. .........-. WAS RENESTED UTLITY FOUND? @ NO O.D./TYPE -..~:~5:,- .Q%EL~-.-%.&-~EO- ..TE.LG..*,. ..W!b.G" 
PAVING THICKNESS & TYPE -!?\k .-.. --..--.- ...-.-.-v--.-.-e,-.-. , ......, SOL TYPE ...% y.. ..+ %dR=p -...., ...-.....- ."..... 

.............. REMARKSI -..- ................ ..-- -. ..................................... - .......... ....................................................... 
.............................. ........... ..."........ .........-. ..-.-. ..-,-. .%)J% . . c ~ . ~ z D ~ ~ ! A . T E . ~  ...:). d,-. #k 6.8. .3 4 

.......................................................... . . . . . .  6.. qb 26.7- 5.6. . . . . . .  

DEPTH F m  

711. . o q  
-fa o~ ururr - S ~ V A   ti^ 

..... ...-. .............. 
(IOTTW OF UTLITY LLEVATYW 



UTILITY LOCATION REPORT 
CREW CHIEF .... .MLhD 55 . . . . . . . . . . . .  CEOTRACK PROJECT NO. 17 0 41 .. 
CREW MEMBERS -WL - Geotrack, Inc. 'b WK"M . "TLtT" LWATrnS 

CUSTOMER PROJECT NO. .E~Q-..5'5:37. 
....... --  ............ ............... - - ....... - ......... 11219 N. 23rd Avenue (602) 331-3225 TEST H(XE NO .-  \Lf. .-., 

CHECKED BY* .DK .-.. ............. - Phoenix. k izono 85029 FAX (602) 331-8837 DATE WC - .-\O - ?q-,qy,. - , , , , ,, , 

... . CENERrs L o c A T w  . ~ ~ ~ ~ _ I Q - Y A Y .  .-w,.. ..ail.--. w ~ S H .  ~b t3 YM- _ -_ -. -, 

........ . . SIZEITYPEIMATERIK ANTICIPATED Y IS.k..fj\ZE F.\bEG .097?C e%E?tts* L~@E _ -. - -. - - 
PAVING CONDITION BEFORE WORK .-Z)~!QS--*.SV?~. - .... . . . . .  .......... .. 
JURlSDlCTlON . %T% ..... OF-.- bbq?j-q& .. 242. ... ,,,. , ,- . . . . . . . . . . .  .- .................. 

.... .. .. ELEVATION B.M. ...-...-. %,@-!-.03 ..,.-.. DESCRPTION xuq .? \lo:. AD 0.d.. w.*\c,  w riSS&%CZWfiA...G%.. 
ROD READING ( + )-.---%~D-- . e- -&%A GD . . -W&%- --fi9 b.?W!!W ..--- ,.-_--- 
H.I. (=I ......--.. 3.a3 ~ . 3  .....- B . M ~ S U M E D / S U R V E Y E D  BY GEOTRACK 

( - ) - - - 2 d ! - -  ROD REKtMG AT SURFACE 

(=) -.-.. %U..s52..- ELEVATION AT SURFACE P K / H ~ & ~ & I ~ L D  *X~/OTHER ...--*.-... .-....--.--..-.--. .- 
( -1 --,.-.,,.-.-.- ?.rflP ..,. . ROD READING TOP UTtLlTY 

( = 1 9 \ !  ELEVATION TOP UTILITY 

(-) _.,.-,-,.--.,.-u-- ROD REU)WC BOTTOM UTILITY 
- 

f 
(=) - - - - - - . .  ELEVATION BOTTOM UTLITY DEPTH (MEASURED) -__3aq .-.. 

CHECK B N K  TO B.M. [BREAK SET-UP) DEPTH (SURVEYED) ,-,.- k?B ---- 
SURFACE ELEV. ..-.-"-- AL~-!&? ".-- DIFFERENCE -.----- O-LQQJ .-.-" .-.- 
ROD RE*MNG (+L --.--.--. ~ . J - Q J  .--- BOTTOM (MASURED) ..-~-.-.--,-.,I.., . 
H.I. C= 1--.-...- 32.3.!-.5!!l.-.- BOTTOM (SURVEYED) -- .,,,-," .,.-, -.- 
ROD READING ~ . M i - ) - - q f i ~ -  DIFFERENCE ----..---- 

=I\$ Bq B.M. ELEV CHECK (=).. --. ,-.,- .-A. --. - 

PJW - F3Wl OF WAY 
ms . r n T  TO XILE 
n - poc9mrY ucE 
W C . B L D : f f a r a ,  
B V - 8 1 1 1 * ( 0 W N . L  < - CEHTER LEE 
w . EDCC ff PAVYWT 
PC - POHT OF C U N A n M  
V W  . sc€wM.K 
D I W  - DRNEWAY 
Eu -6vcMum 
CB - C A T M  BASH 
0 -YUHOLE 

E S T  KXT 

CROSS SECTIONK VIEW PKIHUB&Z~CHSLD w ~ " / ~ ~ ~ ~ ~  ..-..... -.- .... 
NOT TO SCKE T*CHO SET AT P UTLITY 

COLOR RIBBON .&??-!-6 

DEPTH F R W  Y M J Y  

,.--. Y..2Q" ..-_..- 
TOP YUUY Y*WREYWT 

--.---------- ..-.. -..--.-.. - %  --.-. 
DOTTW YWCL Y-PIT BOTTW ff UTLiTY W A T K I (  

T.H. DUG ..--....-... .. ...' RT LT OF -.... .............................. Q . . . . . . . . . . . . . . . . . .  
DESC E STATION 

. . ~PQPPW AY- ..RP, .. ,, 

STREET NAME 

. . ...... WAS R E W S ~  ~ U T Y  r o w ,  @ u, O.D.~YPE .%:5.:'-,.-.53~~~. ~ Y Q U  \T. FD C-TEsE.:. :U@% 
.. . . ..,..... . . P A V W  TTHCKNESS I TYPE &!l,.k ,...,...,-. .,. .-, .....,..,.. ,,. ..-. .- 9011 TYPE ..h b'CD ..k.~.kj .....-. ,- ."-..-, - 

REMMKS: ....................................................................................................................................................... 
. . . . . . . . . . . . . . . . . . . . . . . . .  ......................... ....- .-... ....................... ..Tx.. . L ~ P ~ ~ J ~ ~ . R T E S  .:... rsl. 4% 5 ... 07 

................................................................ .. E. .+ 2.67. 7 7  , . ,.- 



UTILITY LOCATION REPORT 
CREW CHIEF ..* m% . . .  Geotrack, Inc. CEOTRACK PROJECT NO. 17 OW 
CREW MEMBERS - . 5 b r m s .  

' " 

b SBVEYM - IJTLITT' LOCATORS 
CUSTOMER PROJECT  NO.-/%^.- 75r3-7 

.... MU?-OZ , . . . . .  11219 N. 23rd (602) 331-5225 TEST HOLE NO. -... .IS. . . . . . . . . . . . . .  
CHECKED BY: .a&-- . . . . . . . . . .  Phoenix~Prizono 85029 FAX (602) 331-8837 DATE wc . 10.- a3 -97. . . . . . . . . .  

. ... . . GENERAL LOCATION ~..ILP-L. % g c 5 Y  .c6@ kL.  .g ' Bg .McD-  u*SH .&q.bN%.w. -- 
SIZE/TYPElMATERIK ANTICpATEo .at\. L\Q 6 . . . .  . . . .  _ . L _ . _ _ . - . . L _ _ . _ . . . _  ..... 

. . . .  .. .. . . . . . .  . . . . . . . . . . . . . -  PAVNG CONDITION BEFORE WORK .-~~%~..-%.l(i:-!!i.'. -. - - _ 
. .... ..  ISD DICTION .C OFF.- C? !??WE.kL t @... . , . . . . . . . . . .  .- ... .,_... _ . . . .  

...... ELEVATION B.M. ....-...- 3 1 a - . ~  ......-. DEscRpTK)N T N U ~  : LOG! N ~ \ L  - U Q ~ H  ..., 5 .m~.  .-T..T bq w... 
ROO READING (+)  3.:-00 .\g-~.'- E.. . ..O.?. ?. .k:..#.!... . -.. .- . 

...... ........ H.I. (= l... .%1.5.: ao B . ~ .  G I V E N / A S S U M E ~ ~  

(-1 h\,el---- ROD REbDHG AT SURFACE 

... (=L .-.. .%.I3...\.53-.. ELEVATION AT SURFACE PK/H-CHSLD "X~/OTHER .................................. .- 

(-). --..,....--..% 2.5-1 ...-.. ROD RELDING TOP UTILITY 

(=)---%&'2&- ELEVATION TOP UTILITY 

( - 1  ,-.-.-..----...--..- ROO RELDPK; BOTTW UTILITY 
ACCURACY CHECK 

I 
( 1  - .  ELEVATION BOTTOM UThlTY DEPTH (MEASURED) -&.@ .. 

CHECK BACK TO B.M. (BREM SET-UP) DEPTH (SURVEYED) -,-- &,k! -.--.,-- 
SURFACE ELEV. .-.,..-. 3M.t.53 -..-.- DIFFERENCE ,.-.-.-- %A.%-" .......... 

.. ROD READING (*L ..-..., bk.O ...- BOTTOM (MEASURED) -.-.. -.-..,-.--.-_.-- 
H.I. (=I ..-.. ...,. ' u s - a - 1 . 3  BOTTOM SURVEYED) ..-. - .-..,.---.-,..,-".-.. 
ROD RECMNG B.MI-)- .--.---- &.I!--.. DIFFERENCE --------- 
B.M. ELEV CHECK (=).. .-.. 3?-a:.-L%-. .- 

CROSS SECTIONAL VIEW 
NOT TO SCALE 

P./w - RIQ(r OF WAY 
ms - NOT TO SULE 
R - PRORIITI LW 
BIC . B*CK ff am 
BI -- W U  
f - CENTER LW 

EP . EDCL ff PAVYNT 
PC - Pan OF M V A T U U  

DEPM FRQl M k  

sm . SDOIKK 
D I V  - WJW3VAY 
sl -%NCHURK 
CI) . CATW E m  
0 . w w a E  - TEST HaL 

PK/HUB/C@CHSLD *X*/OTHER ,.-I ,-.,.... 
SET AT E UThlTY 

COLOR RIBBON &u~k!. 
' - *iia ELEVAT*IY 

T.H.DUG ..--............ ..! RT LT Of - ....................... ....... . . . . . . . . . . . . . . . . . . .  . . . . . . .  . . . . . . . . . . . . . .  
DESC $. 

--  Alp. 
STATION STR ET NAUE 

t/ It 

... . . . .  WAs REoUEsTED UTILITY FOUND? @ NO O.D./TYPE .a,.  a. w!%Sa . - 5 t E C  .b &> ... L!c?G _ . - . . . . .  
PAVING THICKNESS (r TYPE ,.. ....... v')\&,. ..-. .-. . ."... .,,- . .-.. ,-. SOL TYPE wy . k&k&b-. a-. .,,-.. .. -. . . . . .  
REUMKS: .. ...-. .. .-.. ............ .-- ..... .-- .-,.. . .-.. .-.. ,-. - ,..- ,- ...................... .........,.. . . . . . . . , . . . . .  .............,..,...,..... . 

.-.. .-.- -...- .-.". .-.- .-... CAY .CooRDfA/.A.T65..; ..d,.. .5%3.!?5,. /?~  .......-....- .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  I_ _ . . . . . . . . . _ . . . . _ .  . . . . . . .  .E. 41'62.?2,b8. . .  . . 



FLD CTRL CM D IU  + 6023039899 

FLOOD CONTROL DISTRICT 
OF MARICOPA COUNTY 

280 1 W. Durango, Phoenix, Arizona 85009 
Fax: (602) 506-8561 
Office: (602) 5064074 

E-mail: 

Date: 4u-a~ 4;\448 
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Geotrack, lnc. 

d 1 121 9 N. 23rd Ave. 
z Phoenix, AZ 85029 

(602) 331 -3225 

TESTH 1 SUMMARY REPORT 

DATE: 
PROJECT NAME: 
CONTRACT NO: 

July 21, 1998 
Bullard Wash 
FCO 96-1 1 

Ground TOP Bottom Material Type Del 
Date Elevation Elevation glevation Outside Diameter o 

Cot 

7-1 3-98 920.99 91 6.43 N/A Abandoned 2" Plastic Conduit 4.E 

7-1 3-98 916.33 Abandoned 2" Plastic Conduit 4.f 920.97 

- 7-1 3-98 921.01 9 18.45 N/A Abandoned 2" Plastic Conduit 4&! 

_ 7-1 5-98 - - *  I . - .  - - - Excavated to 16' Dean Below - - 
1 1 Abandoned Line - New Bored - ~ - - 

Facility Not Found 

I 
[ 

I 
I 

I I 1 
OD 
0 
\ 
P 
(D 
\ 
OD 
0 i I 
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FLD CTRL CN DIU  + 6823839893 NO. 751 D83 

UTIUTY LOCATION REPOFIT 

. . . . . . . . . .  . , .. r.H. w.. la 08!@ LT OP I-. .., .........,.. g -bib!, t .Q,U5. --:. .---,- ~ ~ y - 3 5 . .  
DESC C S T A ~ O ~  STREET MAWE 

. . . . .  .. cmw C ~ F  ri. ~ O F ~ S .  a o r ~ v r  marcct no. \~o.sa. .. ,. ... Q Geotndc. lnc. CREW MEMBERS 5m.~* a .,.. 
aAVwW . -LaA+09 

CUSTO~ER PROJECT NO. -XLD-%; t\ 
.. 2 .  E S ~ A A . .  - A"- ,602) 331-5225 'EST WLE WO.-,..--~ -...- ..----.-- 

............ CHECYED BY: . . ~ . l r .  Phoonh* *.laona 86020 (802' 5'1-8857 DATE DX .-.. l-l.%-,l@ .-,,..-... -,a,-.- 

c m * ~  LocATDN . >-~?~_M_%.QE .-N\C. %..,. %..\?& - ~ ~ - 0 ~ ' t ( 5 ~ L L ) 1 ,  Q w ~ .  ., .- 
!3ZC/TYf'E/UTW& WTIOPATED .I YC.IB(-\ . ~A%--D=..-.--- ..,,,, - . . ,.,, . -.- _---,--_ - 
PAVIW c C o m o ~  BEFORE WORK . -- - - -  __._- ___ 

.. m s o ~ c n o w  ,.-!TY.. ..,W.- bo.0,?,3.kkfk,- hL.- --,.,_---- -..-.-. .- --..- ..- ..-..-- .--, ,---.-.-. . 
ELNLTIOW B.Y. ... ...- 3..12-.\.%-.- DESERB~~OH .%!.%!!s& ~ F Z , N L + ~ - , L . . S I ~ ~ ~ ~ I ~ . ~ ~ J ~ ~ ' ~  
noa REI~HC (-1-  -....-... 33.%.-- ~ L L F ~ . ~ Z Y ~ W Y ;  .---... 

..... . n.1. (=I .4.a.~...,51..... 6.u. W C ~ I S S U Y E D ~ C Y ~ D  8* w o T 9  

(-)-..--.-L%b .-.- ROD REIOffi A t  S U R F 6  , 

(=) ...,.. ?b-l.:.~! .,... .. ammor *r SWFKC k t r r c e ~ o  -=-,OM ..-...- 
(-1.. .....-....- Ln-. .~a. .... ROD RWIlC TOP U m n T  

(=)-.,-%~k~5-- a m n o n  TOP UTILITY 

(-I..- -,..,--,,,-, ROD RUIONt ~ O T T O Y  UTILITV 
rttXRtxr O(Em 

q \ 
(=A- . . - - - . - - .  ELEVATION BOTTCU VTUTY DEPTH ~ ~ ~ R E D I  

muc BKK TO 8.u. (BRW SET-UP) KPT# ~SURVE~,)  -- .. 
t 

MICE CLEW. .-.--~.&P.L ..----. OlFFERDlQ ...- I '  - 
... ........ REANC ( - 1  .5.:.a3-..- BOTTOY IUENUKDI . - -.-,. , - -  

.... MA [=I .-%k~..&_..: .-.. BOTTOM (SLRVEYED) ,.we-- 

ROO FSMW 8.01-1 ..,,,. 3.&a-- DIFFERDCE 

B.U. am MU( (=~.--333JL3. ,,, 

CROSS SECTION4 VEW 
NOT TO S U E  t10d 

P V ~ ~  "P/OTIIER -.,.,, 
SET AT C UUT? . , 

VI . scnr a .AT 
* I s - O T T O Y U  -,--EL-- mLOR RleeeN us. 
R -- u+ 
WC.BLI lOFPlPl  - .L-L 
cn-slaoww 
t - a m u r  
w - mx TZ e-7 
rC .lbl dF - A M  ow% n- r r ~ .  

YW - m a r  YlQLLnYn 

am. mvm.T 
U .(ttmwu 
en . UTQ4 em - 4.55' - 

TOP " a-.. --* ,.--. 
0 -- ' mr IYLe 
, 

; .m-*n 
0 - r u  

- ...------- -.-.- -. 
W r w  U.rrr YYPIQlEn 

9 W A Y 0  

DPnt.LI- H.;,, m d 

--- .-- --- --. .-.- 
a m -  w vtun acvua 



08/84/98 13: 48 FLD CTRL CM DIU -+ 6023039899 NO. 751 D04 

UTlLllY LOCATION REPORT 

W a S  REOUESTOD UTILITY COu?mS @ NO O.D.f77W ~.-T.L.&%&.-wv\s-.-T-_~%wL ..-.. -.---.-.--. .--.. - .~-- 
.... . . PAVINC WCYPESS L TICC ... &\ A. ,, . ,.. ,. .... --..--.--.,, - .,-, SOL TYPE .., a.M. ---. ..-. ., ,,, ,,. ,. ,.. 

REMMKS: . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .........-..-..-.........-..-.-. ...... .,.-....--..---...----. .- .......... 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ..._................................. .........I. . . .-..-...._. C- 

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

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

. . . . .  CREW CHIEF T. MOSS r Geotrack, Inc. . 
GEOTRKK PROJECT Ma. i0.09 .......-... 

CREW W R S  -%' 3.9.?%.Ex. - B !xmm, - -'ex- 
CUSTOMER PROJECT N0._F.w0 \ \  

.... ... I- ESS,AH N. lkd Arena (8,y2) ,31-322, TEST MOLE NO .-... a ..,.. .... .,..,.- 
........... .. CHECKED BY* .,D d c  Phshr. kizom tU0t4 F" (b02' J31-uJ7 O A R  we . -- ,  g~-i>.--q.$. .-.,. .- , - .. 

~ W E a r r  LOCATON . .~-!&!&_sID.E 'as.,. 5 .L?!.~P: , . - . R U X ~ A ~ A  T.&w?!--,. .*- 

YZVTTPE~Y~TERIY MTICBATED \lC 1- M C i  F\~C?=-O?.S&., . . . .  -,.- -.. ,... . . . . .  -..,-,_,,---_-..,----- 
.... VAVNC CONDITION BE~ORE WORK kP!!&I!&- - - , . . I I I - - - . - - ~ - - - , - . - - -  - 

.. ~ S D I C T M N  . UW ..o.T.-. W D Y E A A  I .. .A" .- ..-. ,.-. . - .._. . .-. --...... .............. .-. .-- . .....-..- -- -.-., -. 
ELEVATION B.Y. .......... 3.2.3 ,-!.a-..- .-.. DESWIPTW -=wA~=B~c..-s.~B ~LA...~.LDE--c~~~+~-u-QA 
m-rn f -  ,. 3.3.5 .5&??.J%%22*-~---9. --.---- 

H.I. (=1. .  ..... yak .XI ........ B.M. olv~nr*snne-~o er o ~ o ~ l l l l c r t )  

( -1  ,..-...... -3S.k ..-- ROO wmm AT SURF*CE 

(=~.~-.9->.0:.%7 --..-. ~ E V A ~ O N  AT SURFKE P K I W ~ M  TVOT~FR -. - 
... ( - 1  ....., ..,. ig.:.@ ..-, ROD RDDM TOP UWY 

(=)-.-?Lk AS-,. ELEVATION TOP VTIUlY 

( -1 .........,.,.,..,..,,.... .- ROO REMhWG BOTTOM UTlUTT 
*QN~NT ma 

. ELEvhTlON BOTTOM UTUTY DEPTU I ~ E D I  4. bo' 
I 

wcoc euw TO B.M, ~BPCW SET-UPI wru tsunv~m),  . t 

....... ...... WRFICE ECEV. -f\.a.C!-0-9.7-.. DlFf mENQ . - a . ~ _ c \ ' -  
.............. Rw RErMffi ( - 5.38. ..:-. BOTTOM IME*SUREDI-,-.--- 

n.1. (=I . . -  ...... _~>-IL?S? .... -, BOTTOM (NRYEYEDI -. 
ROO REMINO B.ML-I.. 3:l.X WREKE - 

... B.Y. ELEV DIECK - !33 : . . \ .~  

CROSS SCCT~ONY. wm ~ I M I B ~ ~  "X-~OMR ,.,- 
N O ~  Ti3 SUE fY+I) SET hT 6 UThlTY 

a/. . cr .A* 
n s  . a1 TO s u  --L--. COLOR A~RJON .W?&& 
R - m c R I T T  L u  
a/C . LQ or Q.8 qaa .q7 

f n WYX nry~rm 

mPmnp%wcT 

0. .-wUL 
t . cmrm ln 

EP . TP(C CT *.ran 
PC - CBR OF mTC9- 

K- - 
M . BE.U 
ww - m w w A r  
w .- 

BDTT~Y YWU IIUSIPDILNI mnw e lrrm O P ~ A T D ~  

4 

EB - WOI 6- -. - - .-5-&d - - - - A 
0 -- TOP lwuk, W M T  

. t l f r l Q E  
0 .m*TPm 
0 --I 

,..C.--..___.._.__._~_L 



08/04/98 13: 48 FLD CTRL CM DIU + 6023039899 NO. 751 D95 

UTlUTY LOCATION REPOFIT 
. . . . . . .  CREW tHW 7 M w  g Geotrack. Inc. GEOTRK~ ~ R O J E C T  NO.. M05a ..,..,. 

cEw u m ~ R 3  .-~..-S.WWEZ ,. 
m w r m  VRITI L a m m  

C U S T O Y ~  m o ~ E c i  n a . , € m L -  
..... .~-E~SLA.~A ,12:9 N, 2516 ,802) 3 ~ , . 3 ~ ~ 5  TEST HOLE NO.-..L- .... .-..,. ,-,,- 

. . . CWECXED BY: .?r.. . . . . . . . . .  Phocni.' M l l o n a  85028 Fa (802) OATE .-.3:.13?.9&. ., - ,,.. 
GWW LOCATION . ~ T N .  $\S- .Mc: .0.S . , . E . \ ~ . ~ ~ - P F _ E S C Y Z L &  .-'la 

.... .. .. . s l z € l T ~ P € f u ~ T € R l w  ~ T I C I P A T C O  \ i C  I . L \ .  F tBE%. .cRs?L. - , - ,_... .._, - -.--.-----,-------- -. 
PAVING CONDITION BEFORE WORK - E m k  -..- .-..- --,------.-,,. ---.---.-- -- 

. ........ ... .... . ~URlsolCTloN gm. ..OF . ~ l a o s D ~  E.&%L. .+ &x.-. ..-. --. - --..- .-.-..- .- ,.- ..-,.-*- --- ---. -.,-, 
ncvATuwr e.u. ......... %&.\a ..-. DESCRPT~O~ ~~w5.8:%.5-: ...w ,HL\h~..-5~4~a%_.~ct.B5~+- 
ROD = M ~ G  ( - )  ,..- - - 3 . 3 5 - -  - % 1- ' c a EST- U-A ' P t ~ q .  
*.I. (=I ........... %.a@ A7 -.-.. 6.M. OVEN/*SSUED 7 

1-1 --.-----. S-L*.-. ROD R E m C  AT M A C E  
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Requirements for Public and Private Access to Bullard Wash and East Tributary Channels 

Access to Bullard Wash and East Tributary Channels is controlled with the use of Access Gates and Safety 
Posts to prohibit access into the channel bottom and along the channel bank by the general public. Access to 
the channel bottom (Maintenance Ramps) and along the channel bank (Operation & Maintenance Roads [0 
& M Roads]) is for operation and maintenance purposes. Farm Roads have been incorporated into the project 
to provide uninterrupted access to adjacent farm fields that existed prior to the construction of this project. At 
certain points along the project 0 & M Roads and the Farm Roads have been combined into a joint use 
roadway (i.e. Broadway Road alignment and north of Lower Buckeye Road). Private access over or through 
the bottom of Bullard Wash Channel has been allowed at the Buckeye Irrigation South Maintenance Road and 
at the Broadway Road alignment. Below is a listing of the stations for access points along the channel, and the 
station limits for Farm Roads that parallel the channel. 

Maintenance Ramp locations 

Ramp 1 - Station 26+55+ Lt. 
Ramp 2 - Station 33+34+ Lt. 
Ramp 3 - Station 33+28+ Rt. 
Ramp 4 - Station 60+26+ Lt. 
Ramp 5 - Station 66+1W Lt. 
Ramp 6 - Station 75+55f Lt. 
Ramp 7 - Station 93+72+ Lt. 
Ramp 8 - Station 116+00 Lt. 

Farm Road Limits 

Station 31+30+ to 62+30f Lt. & Rt. 
Station 64+00+ to 69+45f Lt. 
Station 64+00+ to 70+50& Rt. 
Station 91+10f to 123+90& Lt. 

BID South Maintenance Road Crossing 

Station 28+89f 

Broadway Road alignment Crossing 

Station 63+32f 





BULLARD WASH OUTFALL PROJECT 
WT10-19-PCE; 500-07-9A 

SUNCHASE ESTRELLA LIMITED 
P a r t n e r s h i p  

A 150 foo t  wide Permanent Channel Easement being the West 

150 feet of the South 410 feet of the Southeast quarter of 

section 17 - Tln, RIW of the G&SRB&M, Maricopa County, 

Arizona. 

Containing 61,514 square feet 1.4122 acres more or less. 

- 

Flood Control District of Maricopa County, Arizona 

PRELIM: 3- 13-98 I CHK:,:.G& 3 -/b e yf, - 
REV: - APR: .. - -3 '- -5~ 

,P&F-"-- ['& - , - 
FINAL: 





BULLARD WASH OUTFALL PROJECT 
WT10-19-TCE; 500-07-9A 

SUNCHASE ESTRELLA LIMITED 
Partnership 

A 190 foot wide Temporary Construction Easement being the 
West 190 feet of the South 1318 feet o f  the Southeast quarter 

of Section 17 - Tln, RIW of the G&SRB&M, Maricopa County, 

Arizona. 

EXCEPT the West 150 feet of the South 410 feet thereof.. 

Containing 188,934 square feet 4.3373 acres more or less. 

Flood Control District of Maricopa County, Arizona 
PRELIM: 3- 13-98 CHIC: + -7- 23 
REV: 

APR: /+, A/& . J  . - .  . .  _ '. . - ,; -> 
I .  

FINAL. 





BULLARD WASH OUTFALL PROJECT 
WT10-18-TCE; 500-07-15A 

WOOD FAMILY 
E n t e r p r i s e s  Ltd. P a r t n e r s h i p  

A 20 foot wide Temporary Construction Easement being the East 20 feet of 

the Southeast quarter of the Southwest quarter (SE4SW4) of Section 17 - 
T I  n, RIW of the G&SRB&M, Maricopa County, Arizona. 

EXCEPT the South 33 feeT O f  said SE4SW4. 

Containing 25,703 square feet 0.5901 acres more or less. 

Flood Control District of Maricopa County, Arizona 
APR: 

0 zv;+ +,,- 7- 7 , ,  

FINAL: 

PRELIM: 3-12-98 CHK: 
/ - I  - fl9 4 - 7-72? 

REV: 
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SQ.FT. ACRES 
WTlO- 18-TCE 25.703 0.5901 

REMAINDER 8 1,682,750 38.1715 

500-07-156 (TOTAL) 1.688.453 38.7616 
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SW COR LOWER BUCKEYE ROAD SE4 SW4 

OF MARICOPA COUNTY-ARIZONA 
BuLLARo WASH OUTFALL PROJECT -- - - 

PT SE4 SW4 SECTION 17 - TIN. R1W 
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BULLARD WASH OUTFALL PROJECT 
WT10-30; 500-07-031F 

WOOD FAMILY ENTERPRISES 

That  p a r t  of t h a t  c e r t a i n  p a r c e l  of  l a n d  recorded a t  Record Number 
90-370315 i n  t h e  o f f i c e  of  t h e  Recorder ,  which l ies  S o u t h e a s t e r l y  
of  t h e  Northwest l i n e  of a po r t i on  of  t h e  W e s t  h a l f  (W2) o f  S e c t i o n  
20 - TIN, RlW,  G&SRB&M, Maricopa County, Arizona,  said p o r t i o n  
b e i n g  a s t r i p  of  l a n d  150'  wide, 75'  each  s i d e  of  t h e  f o l l o w i n g  
d e s c r i b e d  c e n t e r l i n e :  

BEGINNING s a i d  c e n t e r l i n e  a t  a p o i n t  on t h e  North l i n e  o f  s a i d  
S e c t i o n  20, which b e a r s  North 89'31'43" E a s t  2705.08' from t h e  
~ o r t h w e $ t  c o r n e r  o f  said s e c t i o n ;  t h e n c e  South 00'06'34" W e s t  
60.23' ;  thence  147.63' a l o n g  a t a n g e n t  c u r v e  t o  t h e  r i g h t ,  hav ing  
a r a d i u s  of  225' and  a c e n t r a l  a n g l e  of 37'35'35"; t h e n c e  South  
37°42'09" W e s t ,  a l o n g  a l i n e  75' Northwest of and p a r a l l e l  w i t h  t h e  
Northwest  l i n e  o f  t h a t  c e r t a i n  p r o p e r t y  acco rd ing  t o  Document 90- 
566515, a d i s t a n c e  o f  915.86'; t h e n c e  1739.52' a l o n g  a t a n g e n t  
c u r v e  t o  t h e  l e f t ,  having a r a d i u s  of  2650' and a c e n t r a l  a n g l e  of  
37'36'37"; t h e n c e  South  00'05'32" W e s t  126.60' t o  t h e  East-West 
mid - sec t ion  l i n e  of s a i d  S e c t i o n  20; t h e n c e  South 00'05'32" W e s t  
a l o n g  a l i n e  225' E a s t  o f  and p a r a l l e l  w i t h  t h e  W e s t  l i n e  o f  t h e  
E a s t  h a l f  of  t h e  W e s t  h a l f  of said S e c t i o n  20, a d i s t a n c e  o f  
2621.04' t o  a p o i n t  on  t h e  South l i n e  o f  s a i d  s e c t i o n  which b e a r s  
Nor th  89'37'21" E a s t  1529.78' from t h e  Southwest c o r n e r  of  s a i d  
s e c t i o n  20; said p o i n t  be ing  t h e  t e rminus  of t h e  h e r e i n  d e s c r i b e d  
c e n t e r l i n e .  

The above p a r c e l  of l a n d s  c o n t a i n s  a t o t a l  of  415,200 s q u a r e  f e e t  
o r  9.5317 acres, m o r e  o r  less. 

Flood C o n t r o l  D i s t r i c t  of Maricopa County, Ar izona  F 
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BULLARD WASH OUTFALL PROJECT 
WT10-30-1 ; 500-07-031F 
WOOD FAMILY ENTERPRISES 

That portion of that certain parcel of land recorded a t  Record Number 90-370315 in the 
office of the Recorder, lying within the West half (W2) of Section 20 - TIN, RAW, 
G&SRB&M, Maricopa County, Arizona, and which portion lies within a strip of land 25' 
wide, the Southeasterly line of which is 75 feet Northwesterly of and parallel with the 
following described line: 

Line Description 
BEGINNING a t  a point on the North line of said Section 20, which bears North 89"31143" 
East 2705.08 feet from the Northwest corner of said section; thence South 00006'34" 
West 60.23 feet; thence 147.63 feet along a tangent curve to the right, having a radius 
of 225 feet and a central angle of 37O35'35"; thence South 37042'09" West, along a line 
75 feet Northwest of and parallel with the Northwest line of that certain property 
according to Document 90-566515, a distance of 915.86 feet; thence 1739.52 feet along 
a tangent curve to the left, having a radius of 2650 feet and a central angle of 
37O36'37"; thence South 00005'32" West 126.60 feet to the East-West mid-section line of 
said Section 20 and the terminus of said described line. 

The above parcel of lands contains a total of 69,006 square feet or 1.5842 acres, more 
or less. 

- 
Flood Control District of Maricopa County, Arizona 

A p r :  /"@ 6- 7- fp 
/ / 

FINAL : 

PRELIM: 6-03-98 C h k :  ;,% R L-vd=18 
J 

R e v  : 



WOOD FAMILY ENTERPRISES 
501 -07-031F 



BULLARD WASH OUTFALL PROJECT 
WTIO-30-TCE1 ; 500-07-031F 
WOOD FAMILY ENTERPRISES 

That port ion o f  that certain parcel o f  land recorded at Record Number 90-370315 in the 
office o f  the Recorder, lying within the West half (W2) of Section 20 - TIN, RIW, G&SRB&M, 
Maricopa County, Arizona, and which portion lies within a strip o f  land 30' wide, the 
Southeasterly line of which is 100 feet Northwesterly of and parallel with the following 
described line: 

Line Description 
BEGINNING a t  a point on the North line O f  said Section 20, which bean North 89O3I143" East 
2705.08 feet from the Northwest corner of said section; thence South 00006'34" West 60.23 
feet; thence 147.63 feet along a tangent curve to the right, havlng a radius of 225 feet and 
a central angle o f  37035'35"; thence South 37O42'09" West, along a line 75 feet Northwest . - 
of and parallel wi th the Northwest line of that  certain property according t o  Document 
90-566515, a distance of 915.86 feet; thence 1739.52 feet along a tangent curve to the left, 
having a radius o f  2650 feet and a central angle of 37O36'37"; thence South 00°05'32" West 
126.60 feet t o  the East-West mid-section line of said Section 20 and the  terminus o f  said 
described line. 

The above parcel of lands contains a total of 84,185 square feet o r  1.9326 acres, more or 
less. 

F l o o d  C o n t r o l  D i s t r i c t  o f  Maricopa C o u n t y ,  Ar izona 

C-g-fy' 
FINAL : 

PRELIM: 6-03-98 6.3-rZ 
Rev : 



I 
I WT10-30-TCE1 84,185 1.9326 
I 1 WT10-30-TCE2 3 ,  168 0.0727 
1 *- .:-. --. $ -7  WT 10-30-TCE3 25,799 0.5923 

PRELIMINARY: 6-03-98 
REV I SED : 
F INAL :  



BULLARD WASH OUTFALL PROJECT 
WT10-30-TCE2 ; 500-07-031F 
WOOD FAMILY ENTERPRISES 

That portion o f  that certain parcel o f  land recorded at Record Number 90-370315 in the 
office of  the Recorder, lying within the  West half (W2) of Section 20 - TIN, RAW, 
G&SRB&M, Maricopa County, Arizona, said portion being a strip of land 40' wide, the 
Southeasterly line of which is 130 feet Northwesterly o f  and parallel with the  following 
described line: 

Line Description 
BEGINNING at  a point  on the North line of said Section 20, which bears North 89O31'43" 
East 2705.08 feet f rom the  Northwest corner o f  said section; thence South 00006'34" 
West 60.23 feet; thence 147.63 feet along a tangent curve t o  the right, having a radius 
of 225 feet and a central angle of 37035'35"; thence South 37O42'09" West, along a line 
75 feet Northwest of and parallel with the  Northwest line of tha t  certain property 
according to Document 90-566515, a distance o f  915.86 feet; thence 424.24 feet feet 
along a tangent curve t o  the left, having a radius of 2650 feet and a central angle of 
09°10B2~" t o  the POINT OF BEGINNING; thence, continuing along said curve a distance of 
75.00 feet t o  the terminus o f  said described line. 

The above parcel of lands contains a total o f  3,168 square feet o r  0.0727 acres, more or  
less. 

I 
Flood C o n t r o l  D i s t r i c t  o f  Maricopa County, A r i zona  

A p r :  6'- 4- yb' 
FINAL : 

PRELIM: 6-03-98 C :  & . 3 - ? 2  

R e v  : 



SOO-06-S4W 60.23 

VVTIO-30-TCE3 
( 2 0 '  wide strip) 

W10-30-TCE2 
( 4 0 '  wide strip) 

VVT10-30-TCE1 
( 3 0 '  wide strip) 

5 0 1  - 0 7 - 0 3 1 E  

*Total Curve* 
WOOD FAMILY ENTERPRISES R A = = 37-36-37 2650.00 

5 0 1  - 0 7 - 0 3 1 F  L = 1739.52 

REFERENCE: 
BROOKS-HERSEY & ASSOCIATES SURVEY 
PER BOOK 409 ,  PAGE 1 4  

500-05-32W AND PER DOCKET 96 -0037382  + 
FLOOD CONTROL DISTRICT 

O F  MARICOPA COUNTY-ARIZONA 
BULLARD WASH OUTFALL PROJECT 

PT SECTION 2 0  - T I N .  R1W 

S Q . F T .  ACRES WT10-30 -1  & TCE1,2.3 ; 5 0 1  - 0 7 - 0 3 1 F  

WT10-30-1 69,006 1.5842 
WT10-30-TCE1 84,185 1.9326 
WT10-30-TCE2 3,168 0.0727 

W - ~ Y -  ::-' .jw, WT 10-30-TCE3 25,799 0.5923 

WOO0 FAMILY ENTERPRISES 

PRELIMINARY: 6-03-98 
REVISED: 

.. - 
FINAL:  



BULLARD WASH OUTFALL PROJECT 
WT10-30-TCE3 ; 500-07-031F 
WOOD FAMILY ENTERPRISES 

A portion of that certain parcel of land recorded a t  Record Number 90- 
370315 in the office of the Recorder, lying within the West half (W2) of 
Section 20 - TIN, RAW, C&SRB&M, Maricopa County, Arizona, described as 
follows: 

The South 20 feet of the North 53 feet of the East half of the West half of 
said Section 20; EXCEPT the East 25 feet thereof. 

The above parcel of lands contains a total of 25,799 square feet or 0.5923 
acres, more or less. 

Flood Control District of Maricopa County, Arizona 

PRELIM: 6-03-98 

L; 

Rev : FIN, :/ 

I 



WOOD FAMILY ENTERPRISES 
501 -07-031F 

PRELIMINARY: 6-03-98 
R E V  I S E D  : 
F T N A I  



BULLARD WASH OUTFALL PROJECT 
WT10-20; 500-07-006H, 31E 

CITY O F  PHOENIX 

T h a t  p a r t  of t h o s e  c e r t a i n  p a r c e l s  of  l a n d  r e c o r d e d  a t  Record 

Number 90-370315, 90-566515 and Dkt 7166, Page 61-84, i n  t h e  o f f i c e  

o f  t h e  Recorder ,  which l ies  w i t h i n  t h e  fo l lowing  d e s c r i b e d  p a r c e l  

o f  l and :  

PARCEL DESCRIPTION : 

A p o r t i o n  of t h e  Northeast q u a r t e r  (NE4) and t h e  W e s t  h a l f  (W2) of  

S e c t i o n  20 - TIN, RlW, G&SRB&M, Maricopa County; Ar i zona ,  b e i n g  a 

s t r i p  o f  l a n d  150 '  wide, 75 '  e a c h  side of t h e  f o l l o w i n g  d e s c r i b e d  

c e n t e r l i n e :  BEGINNING s a i d  c e n t e r l i n e  a t  a p o i n t  on t h e  North  l i n e  

o f  said Sec t ion  20, which bears N o r t h  89031143" E a s t  2705.08' from 

t h e  Northwest  c o r n e r  of s a i d  sect ion;  thence  Sou th  00°06'34" W e s t  

60.23' ;  t h e n c e  147.63' a long  a t a n g e n t  curve t o  t h e  r i g h t ,  hav ing  

a r a d i u s  o f  225' and a c e n t r a l  a n g l e  of 37"3S135"; t h e n c e  South 

37'42'09" W e s t ,  a long  a line 75' Northwest of and parallel w i t h  t h e  

Northwest  l i n e  o f  t h a t  certain p r o p e r t y  accord ing  t o  Document 90- 

... . 566515, a d i s t a n c e  o f .  915.86 * ; t h e n c e .  1739.52' a l o n g  a t a n g e n t  

c u r v e  t o  t h e  l e f t ,  having. a radius of 2650' and a c e n t r a l .  a n g l e  of  

37'36 ' 37"; t hence .  South . 00°05' 32" W e s t  126 ;60 ' to : . the  East-West 

m i d - s e c t i o n  l i n e  of s a i d  S e c t i o n  20; thence  Sou th  .00"05'  32" W e s t  

a l o n g  a l i n e  225' East  of  and  parallel  wi th  t h e  W e s t  l i n e  o f  t h e  

E a s t  h a l f  o f  t h e  West h a l f  of said Sec t ion  20, a d i s t a n c e  of 

2621.04' to a p o i n t  on t h e  Sou th  l i n e  of s a i d  s e c t i o n  which b e a r s  

N o r t h  89'37'21" E a s t  1529.78' f rom t h e  Southwest  c o r n e r  of s a i d  

s e c t i o n  20; said p o i n t  be ing  t h e  t e rminus  of t h e  h e r e i n  d e s c r i b e d  

c e n t e r l i n e .  

The above d e s c r i b e d  p a r c e l s  combined c o n t a i n s  314,272 s q u a r e  f e e t  

or  7.2147 acres more o r  less 
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Flood C o n t r o l  ~ i s t r i c t  o f  Maricopa County, Ar i zona  

PRELIM: 01-30-96 ~ h k : J % / / - z d ~ y &  @r:/&&/ /'k.44ys 
Rev:ll-19-96 FINAL : 





BULLARO WASH OUTFALL PROJECT 
WT10-20-4; 500-07-6H 

CITY OF PHOENIX 

A portion o f  a parcel o f  land lying North of the Northwesterly r ight o f  way line of the 

Southern Pacific Railroad, now known as Union Pacific Railroad, and East o f  the Easterly right 

o f  way line o f  the "Bullard Wash Outfall Project, lying within the South half 62) of Section 20, 

TIN, RIW, G&SRB&M, Maficopa County, Arizona, said parcel being also a part o f  that  certain 

parcel o f  land recorded a t  Dkt 7166, Page 61-84 as recorded in the office o f  the Recorder o f  

said County, said portion is more particularly described as follows: 

COMMENCING a t  the West quarter corner o f  said Section 20; thence North 8g017'56" East 

I 530.67 feet to a point on the centerline of said "Bullard Wash Outfall Project"; thence along 

said centerline, South 00°05'32" West 1310.26 feet to the a point on the Southerly line o f  said 

parcel as recorded at  'Dkt 7166, Page 61-84", said point is also a point on the Northwesterly 

r ight o f  way line of the Union Pacific Railroad; thence along said Northwesterly line, North 

81 O42'14" East 75.81 feet to the Easterly r ight of way line of said "Bullard Wash Outfall Project" 

and the POINT OF BEGINNING ; thence continuing along said Northwesterly r ight of way line, 

North 81 "42'14" East 312.83 feet t o  a tangent curve to the left, having a radius of 2141.68 feet 

and a central angle of 25052'00n a distance of 966.88 feet; thence North 55O50'14" East 678.48 

feet; thence leaving said Northwesterly line, North 34O09'46" West 80.00 feet; thence along 

a line 80 feet Northwest of and parallel with the Northwesterly right o f  way line o f  said Union 

Pacific Railroad, South 55O50'14" West 678.48 feet to a tangent curve to the right, having a 

radius of 2061.68 feet and a central angle o f  25052'00n a distance of 930.76 feet; thence South 

81 O42'14" West 160.63 feet; thence leaving said parallel line, North 44O52'5Iw West to a point 

on the Easterly right of way line o f  said "Bullard Wash Outfall Project", a distance of 196.52 

feet; thence along said Easterly line, South 00°05'32" West 240.37 feet to the  POINT OF 

BEGINNING. 

The above described parcels contains 165,816 square feet or 3.8066 acres more o r  less 

I Flood Control District of Maricopa County, Arizona I 
PELIM: 4-28-98 5 -22- 5-J$- /- /- 78 
REV: 5-29-98 I FINAL: * 



SCALE 1"- 500 I 



BULLARD WASH OUTFALL PROJECT 
WT10-20-5; 501-07-6H 

CITY OF PHOENIX 

That part o f  a certain parcel of land recorded at  Dkt 7166, Page 61-84, in the office of the 

Recorder, which lies West of the following described parcel of land: 

PARCEL DESCRIPTION: 

A portion o f  the West half (W2) of  Section 20 - TAN, RAW, G&SRB&M, Maricopa County, Arizona, 

being a strip of  land A50 feet wide, 75 feet each side of  the following described centerline: 

BEGINNING sald centerline at a point on the North llne of said Section 20, which bears ~ o r t h  

89O31'43" East 2705.08' from the Northwest corner of said section; thence South 00°06'34" 

West 60.23'; thence 147.63' along a tangent curve to  the right, having a radius of 225' and a 
central angle of  37O35'35"; thence South 37O42'09" West, along a line 75' Northwest of and 

parallel with the Northwest line of  that certain property according to Document 90-566515, 

a distance o f  915.86'; thence 1739.52' along a tangent curve to the left, having a radius of  

2650' and a central angle o f  37O36'37"; thence South 00°05'32" West 126.60' to the East-West 

mid-section llne of said Section 20; thence South 00O05'32" West along a line 225' East of and 

parallel with the West line o f  the East half of the West half of  said Section 20, a distance of 

2621.04' to a point on the South line of said section which bears North 89037'2An East 1529.78' 

from the Southwest corner o f  said section 20; sald point being the terminus o f  the herein 

described centerline. 

The above described parcels combined contains 212,223 square feet or 4.8720 acres more or 

less 

Flood Control District of Maricopa County, Arizona I 
PELIM: 5-05 -98  

IZaJ 

APR: _r . . .-, --:A - - .  
FINAL: ' 





BULLARD WASH OUTFALL PROJECT 
WT10-20-PCE; 500-07-6H 

CITY OF PHOENIX 

A 80 foot strip of land being a portion of a parcel of land lying North of the Northwesterly 

right of way line of the Southern Pacific Railroad, now known as Union Pacific Railroad, lying 

within the South half 621 of Section 20, TIN, RAW, G&SRB&M, Maricopa County, Arizona, said 

strip of land being also a part of that certain parcel of land recorded a t  Dkt 7166, Page 61-84 

as recorded in the office of the Recorder of said County, said 80 foot strip is more 

particularly described as follows: 

COMMENCING a t  the West quarter corner of said Section 20; thence North 89O17'56" East 

1530.67 feet to a point on the centerline of said 'Bullard Wash Outfall Project"; thence along 

said centerline, South 00°05'32" West 1310.26 feet to the a point on the Southerly line of said 

parcel as recorded a t  "Dkt 7166, Page 61-84", said point is also a point on the Northwesterly- 

right of way line of the Union Pacific Railroad; thence along said Northwesterly line, North 

81°42'14" East 75.81 feet to the Easterly right of way line of said 'Bullard Wash Outfall 

Project"; thence continuing along said Northwesterly right of way line, North 81 "42'14" East 

312.83 feet to a tangent curve to the left, having a radius of 2141.68 feet and a central angle 

of 25O52'00" a distance of 966.88 feet; thence North 55O50'14" East 678.48 feet to the POINT 

OF BEGINNING of the Southeasterly line of said 80 foot strip; thence continuing along said 

Northwesterly right of way line, North 55O50'14" East 240.00 feet to the POINT OF TERMINUS. 

The above described parcels contains 19,200 square feet or 0.4408 acres more or less 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 4-29-98 I chk: 6 3 5 - 2 f - 5 9  1 appr: 77~,..+ ~(-/'-yd/ 
revised: 5-12-98; 5-29-98 I final : 

I 

Maricopa County Public Works Land and Right of Way Division (Titles and Right of Way 



SCALE 1'- 500 1 



BULLARD WASH OUTFALL PROJECT 
WT10-20-TCEI ; 501 -07-6H 

CIlY OF PHOENIX 

A Temporary Construction Easement being a part  o f  that certain parcel of land recorded a t  

 kt 7166, Page 61-84, in the office of the Recorder, lying within the Northeast quarter o f  

section 20 - TIN, RIW, G&SRB&M, Maricopa County, Arizona, said easement is more particularly 

described as follows: 

BEGINNING a t  a point on the North line of said Section 20, which bean ~ o r t h  89031'43" East 

2780.08 fee t  from the Northwest corner of said section, said point Is also a point  on the  

Easterly right o f  way line o f  the ' Bullard Wash Outfall Project"; thence along said East line, 

South 00°06'34" West 60.99 feet to a tangent curve t o  the right, having a radius o f  300.00 

feet and a central angle of 37O35'35" a distance of 196.84 feet; thence South 37O42'09" West 

to the North-South mid-section line of said section 20, a distance o f  143.76 feet; thence along 

said North-South line, South 0O006'34" West 1079.91 feet; thence North 41O08'52" East 152.31; 

thence along a line 100 feet East of and parallel with the North-South midsection line of said 

section 20, North 00°06'34" East 1062.22 feet to a point on non-tangent curve concave t o  the 

Northwest from which a radial bean North 51 016'00n West; thence Northeasterly, along said 

curve through a central angle o f  38O37'26", an arc length o f  215.72 feet, wi th  a radius o f  

320.00 feet; thence North 00°06'34" East to a point  on the the North line of said section, a 

distance of 61.19; thence along said North line South 8g031'43" West 20.00 feet to the POINT 

OF BEGINNING. 

The above described parcels contains 113,887 square feet o r  2.6145 acres more o r  less 

Flood Control District of Maricopa County, Arizona I 
I APR : 

-//>A,( 4 - 7 - c p  
FINAL: ' - " 

PELIM: 5 - 0 6 - 9 0  CHK : 
d 

<) -5-c ,7-5;-3-- 

REV : 
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BULLARD WASH OUTFALL PROJECT 
WT10-20-TCE-2; 501-07-6H, 31 E 

CITY OF PHOENIX 

Those portions of land recorded a t  Documents 90-370315 and 90-56651s in the office o f  the 

Recorder, lying in the Northwest quarter o f  Section 20 - TIN, RAW, G&SRB&M, Maricopa 

County, Arizona, which lies West the following described line: 

COMMENCING at the centerline of the 'Bullard Wash Outlet Project", said centerline is a point 

on the ~ o r t h  line of said Section 20, which bears North 89O3I143" East 2705.08 feet f rom the 

Northwest corner of said section; thence South 00°06'34" West 60.23 feet; thence 147.63 feet, 

along a tangent curve to the right, having a radius of 225 feet and a central angle of 

37O35'35"; thence South 37O42'09" West, along a line 75 feet Northwest o f  and parallel wi th  

the Northwest line of said DOCUment 90-566515, a distance of 915.86 feet; thence 1739.52 feet 

along a tangent curve to the left, having a radius of 2650 feet and a central angle of 
37O36'37"; thence South 00°05'32" West 126.60 feet t o  the East-West mid-section line of said 

Section 20; thence along said East-West mid-section line, North 89O17'56" East a distance of 
125.01 to the POINT OF BEGINNING; thence North 00°05'32" East along a line 125 feet East o f  

and parallel with said 'Bullard Wash Outlet Project" a distance o f  130.48 feet; thence North 

41°08'52n East along a line 175 Southeast of and parallel with the Northwest line of said 

Document 90-370315, to a point o n  the  North-South mid-section line of said section 20, a 

distance of 1455.57 feet; thence along said North-South line, North 00°06'34" East 1079.91 feet 

t o  the  terminus o f  said described line. 

EXCEPT any portion o f  land lying West o f  the  East line of said 'Bullard Wash outfall Project. 

The above described parcels combined contains 846,651 square feet or 19.4364 acres more 

or less 

Flood Control District of Maricopa County, Arizona I 1 
PELIM: 5-05-98 

ApR:<gd.,,-?- 5-- r. f i ~ ,  - < 

REV: FINAL: 



LOWER BUCKEYE ROAD 
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* R E V  I SED : 
FINAL: -- 



BULLARD WASH OUTFALL PROJECT 
WTIO-20-TCE3; 501 -07-6H 

CITY OF PHOENIX 

A 20 f o o t  wide Temporary Construction Easement lying East o f  and parallel t o  t h e  'Bullard 

Wash Outfall Project", and 80 feet  Northwest o f  and parallel to the Southern Pacific Railroad 

right of way, now known as Union Pacific Railroad, said 20 f oo t  easement is par t  o f  tha t  

certain parcel of land recorded a t  Dkt 7166, Page 61-84, in the office of t h e  Recorder, lying 

wi th in t he  South half (S2) of Section 20 -TIN, RqW, G&SRB&M, Maricopa County, Arizona. The 

Westerly and Southerly l ine of said easement is more particularly described as follows: 

LINE DESCRIPTION: 

BEGINNING a t  a point on the  East-West mid-section line of said Section 20, which bears North 

89O17'56" East 1605.68 feet  from the  West quarter corner o f  said section, said point is also a 

po in t  on the  Easterly right of way line of said Bullard Wash Outfall Project; thence along 

said East line, South 00°05'32" West 1059.85 feet; thence leaving said East line, South 

44'52'51" East 196.52 feet  to a point  on a line parallel to and 80 feet Northwest of t he  North 

right of way line of said Railroad; thence along said parallel line, North 81 '42'14" East 160.63 ' 

feet to a tangent curve to the  left, having a radius of 2061.68 feet and a central angle of 
25052'00n a distance of 930.76 feet; thence North 5S050'14" East 918.48 feet  to t h e  POINT OF 

TERMINUS of said descrobed line. 

The above described parcels contains 64,870 square feet  or 1.4892 acres more  or less 

I Flood Control District of Maricopa County, Arizona 
PELIM: 5-05-98 CHK : 

REV:  5-29-98 I FINAL: 



SCALE 1'- 500 I 



BULLARD WASH OUTFALL PROJECT 
WT10-20-TCE4; 500-07-6H 

CITY OF PHOENIX 

A 100 foot strip of land being a portion of a parcel of land lying North of the Northwesterly 

right of way line of the Southern Pacific Railroad, now known as Union Pacific Railroad, lying 

within the South half 62) of Section 20, TIN, RAW, G&SRB&M, Maricopa County, Arizona, said 

strip of land being also a part of that certain parcel of land recorded a t  Dkt 7166, Page 61-84 

as recorded in the office of the Recorder of said County, which the Southeasterly line of said 

100 foot strip is more particularly described as follows: 

COMMENCING a t  the West quarter corner of said Section 20; thence North 89O17'56" East 

1530.67 feet to a point on the centerline of said "Bullard Wash Outfall Project"; thence along ' 

said centerline, South 00°05'32" West 1310.26 feet to the a point on the Southerly line of said 

parcel as recorded a t  "Dkt 7166, Page 61-84", said point is also a point on the Northwesterly 

right of way line of the Union Pacific Railroad; thence along said Northwesterly line, North 

81°42'14" East 75.81 feet to the Easterly right of way line of said "Bullard Wash Outfall 

Project"; thence continuing along said Northwesterly right of way line, North 81 "42'14" East 

312.83 feet to a tangent curve to the left, having a radius of 2141.68 feet and a central angle 

of 25"52'00n a distance of 966.88 feet; thence North 55O50'14" East 918.48 feet to the POINT 

OF BEGINNING of the Southeasterly line of said 100 foot strip; thence continuing along said 

Northwesterly right of way line, North 55O50'14" East 150.00 feet to the POINT OF TERMINUS. 

The above described parcels contains 15,000 square feet or 0.3444 acres more or less 

I FLOOD CONTROL DISTRICT OF MARICOPA COUNTY I 
prelim: 5-12-98 I chk:,*?t 1 appr : Ail+ 
revised: 5-29-98 I final : 
Maricopa County Public Works Land and Right of Way Division 1 Titles and Right of Way 



SCALE 1'- 500 I 
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BULLARD WASH OUTFALL PROJECT 
WTI O-22-PCEI ; 500-07-00 
UNION PACIFIC RAILROAD 

A 90 foot strip of land being a portion of the right of way of the Southern Pacific Railroad, 

now known as Union Pacific Railroad, lying South of the Northwesterly right of way line of 

the Union Pacific Railroad and also lying within the South half 62) of Section 20, TIN, RIW, 

G&sRB&M, Maricopa County, Arizona. The Northwesterly line of said 90 foot strip is more 

particularly described as follows: 

COMMENCING at the West quarter corner of said Section 20; thence North 89°17'56" East 

1530.67 feet to a point on the centerllne of said 'Bullard Wash Outfall Project"; thence along 

said centerllne, South 00°05'32" West 1310.26 feet to the a point on the Southerly line of said 

parcel as recorded a t  'Dkt 7166, Page 61-84', said point is also a point on the Northwesterly 

right of way line of said Union Pacific Railroad; thence along said Northwesterly line, ~ o r t h  
. .  - 

81°42'14" East 75.81 feet to the Easterly right of way line of said 'Bullard Wash Outfall 

Project'; thence continuing along said Northwesterly right of way line, North 81 O42'14" East 

312.83 feet to a tangent curve to the left, having a radius of 2141.68 feet and a central angle 

of 25052'00m a distance of 966.88 feet; thence North 55O50'14" East 598.48 feet to the POINT 

OF BEGINNING of the Northwesterly line of said 90 foot strip; thence continuing along said 

Northwesterly right of way line, North 55°50'14" East 470.00 feet to the POINT OF TERMINUS. 

The above described parcels contains 42,300 square feet or 0.9711 acres more or less 

I Flood Control District of Maricopa County, Arizona I 
PELIM: 4-29-98 1 C H K : p ,  & 

1 i - 1 - -13 
RW: 5-29-98 

APR: */,+ 6' -/'- 78 
FINAL: 



SCALE 1'- 500 I 



BULLARD WASH OUTFALL PROJECT 
WT10-22-PCE2; 500-07-000 
UNION PACIFIC RAILROAD 

A strip of land 200 feet wide, 100 feet each side o f  the "Bullard Wash Outlet Project* 

centerline which lies within the right of wav o f  the Southern Pacific Railroad, now known as 
Union Pacific Railroad, said centerline is more particularly described as follows: 

CENTERLINE DESCRIPTION: 

That port ion o f  the Northeast quarter (NE4) and the West half ON21 o f  Section 20 - TIN, RAW, 

G&SRB&M, Maricopa County, Arizona. BEGINNING said centerline a t  a point  on the North line 

of said Section 20, which bears North 89031'43" East 2705.08 feet from the Northwest corner 

of said section; thence South 0P06'34" West 60.23 feet; thence 147.63 feet, along a tangent 

curve to the  right, having a radius of 225 feet and a central angle o f  37035'35"; thence South' - 

37042'09" West, along a line 75 feet Northwest of and parallel with the Northwest line of that 

certain property according t o  Document 90-566515, a distance o f  915.86 feet; thence 1739.52 

feet along a tangent curve to the left, having a radius of 2650 feet and a central angle of 
37036'37"; thence South 00°05'32" West 126.60 feet to the East-West mid-section line of said 

Section 20; thence South 000 05'32" West along a line 225 feet East of and parallel with the 

West line of the  East half o f  the West half of said Section 20, a distance of 2621.04 feet to a 

point on the South line o f  said section which bears North 89'37'21" East 1529.78 feet from the 

Southwest corner o f  said section 20; said point  being the terminus of the herein described 

centerline. 

The above described parcel contains 40,432 square feet or 0.9282 acres more or less. 

1 FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 1 
prelim: 1-30-96 1chk:- - 
revised: 11-19-96; 10-27-97; 5-12-98; 5-29-98 
~ ~ r i r n n a  Fnilntv Public Works Land and Riaht of Wav Division 

appr:*eA,fl 6.-~/-yf 
final : 
Titles and Risht of Wav 





BULLARD WASH OUTFALL PROJECT 
WT10-22-PCE3; 500-07-000 
UNION PACIFIC RAILROAD 

A strip of land 25 feet wide, Which the East line of said 25 foot strip lies 100 feet west of the 

"Bullard Wash Outlet Project" centerline which lies within the right of way o f  the Southern 

Pacific Railroad, now known as Union Pacific Railroad, said centerline is more particularly 

described as follows: 

CENTERLINE DESCRIPTION: 

That portion of the Northeast quarter (NE4) and the west half 0~21 of Section 20 - TIN, RAW, 

G&SRB&M, Maricopa County, Arizona. BEGINNING said centerline a t  a point on the ~ o r t h  line 

of said Section 20, which bean North 89031'43" East 2705.08 feet from the Northwest corner 

of said section; thence South 0P06'34" West 60.23 feet; thence 147.63 feet, along a tangent 

curve to the right, having a radius o f  225 feet and a central angle of 37035'35"; thence South 

37O42'09" West, along a line 75 feet Northwest of and parallel with the NorthWest line of that 

certain property according to DOCUtnent 90.566515, a distance of 915.86 feet; thence 1739.52 

feet along a tangent curve t o  the left, having a radius of 2650 feet and a central angle of 

37O36'37"; thence South 00°05'32" West 126.60 feet to the East-West mid-section line of said 

Section 20; thence South 00" 05'32" West along a line 225 feet East of and parallel with the 

West line of the East half o f  the West half of said Section 20, a distance of 2621 -04 feet to  a 
point on the South line of said section which bears North 89O37'21" East 1529.78 feet from the 

Southwest corner of said section 20; said point being the terminus of the herein described 

centerline. 

The above described parcel contafns 5,055 square feet or 0.1 160 acres more or less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 5-29-98 6- 9-72 ] aPPr: f<<9e /', q-,?,y 
revised: ) final : 
Maricopa County Public Works Larid and Right of way Division] Titles and Right of Way 



I SQ'FT' ACRES PRELIMINARY: 5-29-98 JLS 
4 

1 *-.---- ' - - c . . r . ,  
WT10-22-PCE3 5,055 0.1160 

,,- . - 
- REVISED: 
FINAL: 

.- - 



BULLARD WASH OUTFALL PROJECT 
W T 1 0 - 2 2 - T C E 1  ; 5 0 0 - 0 7 - 0 0 0  

UNION P A C I F I C  RAILROAD 

That portion o f  the Southern Pacific Railroad, now known as Union Pacific Railroad, which 

lies within a 45 foot strip o f  land the East line of which lies I00 feet West o f  and parallel with 

the following described line: 

LINE DESCRIPTION: 

That portion of the Northeast quarter (NE4) and the West half (W2) of Section 20 -TIN, RAW, 

G&SRB&M, Maricopa County, Arizona: BEGINNING said line a t  a point on the North line o f  said 

Section 20, which bears North 89O31'43' East 2705.08 feet from the Northwest comer of said 

section; thence south W06'34' west 60.23 feet; thence 147.63 feet, along a tangent c u r v e  

to the right, havlng a radius of 225 feet and a central angle o f  37"3S135"; thence South 

37°42'09n West, along a line 75 feet Northwest of and parallel with the Northwest line o f  that 

certain property accordlng to Document 90-566515, a distance of 915.86 feet; thence 1739.52 

feet along a tangent curve to the left, havlng a radius o f  2650 feet and a central angle of 
37036'37"; thence South 0O005'32" West 126.60 feet t o  the East-West mid-section line o f  said 

Section 20; thence South 000 05'32" West along a line 225 feet East o f  and parallel with the 

West line o f  the East half of the West half of said Section 20, a distance of 2621.04 feet to a 

point on the South line of said section which bears North 89'37'21" East 1529.78 feet from the 

Southwest corner o f  said section 20; said point being the terminus of the  herein described 

centerline. 

The above described parcel contains 9,068 square feet or 0.2082 acres more or less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY - prelim: 5-12-98 1 chk: ~-+/-?,p) appr: /ybLfi d c < . , O ~ - ~  
revised: 6-04-98 1 final : 
Maricopa County Public Works Land and Right of Way Division] Titles and Right of Way 





BULLARD WASH OUTFALL PROJECT 
WTl0 -22-TCE2 ; 5 0 0 - 0 7 - 0 0 0  
UNION PACIFIC RAILROAD 

A 20 foot Temporary Construction Easement lying within the right of  way of the Southern 

Pacific Railroad, now known as Union Pacific Railroad. The West line of said easement lies 100 

feet East of and parallel with the following described line: 

LINE DESCRIPTION: 

That portion of the Northeast quarter (NE4) and the West half (W2) of Section 20 - TIN, RAW, 

G&sRB&M, Maricopa County, Arizona, BEGINNING at a point on the North line of  said Section 

20, which bean North 89O31'43" East 2705.08 feet from the Northwest comer of  said section; 

thence South 00°06'34" West 60.23 feet; thence 147.63 feet, along a tangent curve to the 

right, having a radius of 225 feet and a central angle of 37035'35"; thence South 37042'09" 

West, along a line 75 feet Northwest of  and parallel with the Northwest line of  that certain 

property according to Document 90-56651 5, a distance of 91 5.86 feet; thence 1739.52 feet 

along a tangent curve t o  the left, having a radius of 2650 feet and a central angle of 

37036'37"; thence South 00°05'32' West 126.60 feet to the East-West mid-section line of said 

Section 20; thence South 00" 05'32" West along a line 225 feet East of  and parallel with the 

West line of the East half of the West half of  said Section 20, a distance of 2621 -04 feet to a 
point on the South line of said section which bean North 89"37'2In East 1529.78 feet from the 

Southwest corner of said section 20; said point being the terminus of the herein described 

line. 

The above described parcel contains 4,043 square feet or 0.0928 acres more or less. 

FLOOD CONTROL DISTRICT OF XARICOPA COUNTY 
;Lz; ,? : - * , , S - ~ ~  prelim: 5-15-98 I chk: (. ( 3 . 5 7  ( appr:  , , . 

revised : ( f i n a l  : 
Maricopa County Public Works Land and Right of Way Division1 T i t l e s  and Right of Way .- 





BULLARD WASH OUTFALL PROJECT 
WT10-23; 500-07-000 

Maricopa County Route 85 ( M C - 8 5 )  

That portion of Maricopa County Route 85 (MC-851, being a strip o f  land 225 fee t  wide, the 

East line of which lies 100 feet East of  the "Bullard Wash Outfall Project" The centerline of said 

Bullard Wash Outfall Project is described as follows: 

CENTERLINE DESCRIPTION: 

That portion of  the Northeast quarter (NE4) and the West half (W2) o f  Section 20 - TIN, RIW, 

G&SRB&M, Maricopa County, Arizona. BEGINNING said centerline at a point on  t h e  ~ o r t h  line 

of said Section 20, which bears North 89"31143" East 2705.08 feet from the Northwest corner 

of said section; thence south 00°06'34' West 60.23 feet; thence 147.63 feet, along a tangent , 

curve to the right, having a radius o f  225 feet and a central angle of 37035'3Sn; thence South 

37O42'09" West, along a line 75 feet Northwest of and parallel with the Northwest line o f  that 

certain property according to DOCUment 90-566515, a distance of 915.86 feet; thence 1739.52 

feet  along a tangent curve to the left, having a radius o f  2650 feet and a central angle of  

37O36'37"; thence South 00°05'32" West 126.60 feet to the East-West mid-section line of said 

Section 20; thence South 000 05'32" West along a line 225 feet East o f  and parallel wi th the 

West line o f  the East half of the West half o f  said Section 20, a distance of 2621.04 feet t o  a 

point on the South line of said section which bears North 89O37'21" East 1529.78 feet f rom the 

Southwest corner o f  said section 20; said point  being the terminus of the herein described 

centerline. 

The above described parcel contains 22,743 square feet or 0.522 1 acres more or less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 1-17-95 I c ~ : , ~ ~  7-2g-FiT 
revised: 11-19-96; 7-10-98 
Maricopa County Public Works Land and Right of Way Division 

appr: . - -. - - r 7 , ~ \ : ,  

final : 

Titles and Right of Way 
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BULLARD WASH OUTFALL PROJECT 
WT10-25; 500-8 1 -4E, 65,500-07-22B,22D 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

That part of that certain parcel of land recorded at Record Number 94-781427 in the office of 
the Recorder, which lies within a POrtlOn of the Southwest quarter (SW4) of  Section 20 and 
the West half ON21 of Section 29, all in TIN, RIW, G&SRB&M, Maricopa county, Arizona, said 
portion is more particularly described as follows: 

COMMENCING at the common corner of the Southwest corner of said Section 20 and the 
Northwest corner of said sectlon 29; thence along the common line of  said sections, North 
89O37'2In East 1184.78 feet to  the POINT OF BEGINNING: 

thence North 00005'32' East 10.00 to the North line of the South 10 feet of  the SW4 of said 
. .. 

section 20; 

thence along the North line of the South 10 feet of the SW4 of said section 20, North 
8g037'21 East 105.00 feet; 

thence North 00005'32' East 70.00 feet; 

thence North 89037'21" East 140.00 feet; 

thence along a line 100 feet West of and parallel t o  the centerline of the Bullard Wash Outfall 
Project, North 00°05'32' East 215.01 feet; 

thence North 89°37'21" East 10.00 feet; 

thence along a line 90 feet West of and parallel t o  the centerline of said Bullard Wash, North 
00"0S132" East 509.78 feet; 

thence North 53"45'2OR West 111.46 feet; 

thence South 81°42'14" west 152.38 feet; 

thence North 08"17'46" West 50.00 feet; 
thence North 81°42'14" East 21 5.35 feet; 

rage I or 4 

FLOOD CONTROL DISTRICT OF MARlCOPA COUNTY 

prelim: 0 1-30-96 I Chk cdzp 8-27-98 appr1-p-9 4 4 , .  -4 "i - , I :,.?.;-- 
revised: 1 1- 19-96,07-01-98; 8-26-98 fmal: 
Maricopa County public Works Land and Right of  Way Division Titles and Right of Way 

- - .  - -,. - 



BULLARD WASH OUTFALL PROJECT 
WTI 0-25; 500-8 1 -4E, 65, 500-07-22B,22D 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

thence North 00°05'32" East 60.65 feet to a point on the Southerly right of way line of 

Maricopa County Route 85 (MC-85); 

thence along the Southerly right of way line of said MC-85, North 81°42'14" East 126.35 feet to 
a point on the centerline of said Bullard Wash Outfall Project; 
thence continuing along said Southerly right of way, North 81042'14" East 101.08; 

thence along a line lying 100 East of, and parallel to the centerline of said Bullard Wash, 
South 00°05'32" West 70.76 feet; thence North 81042'14' East 141.94 feet; 

thence South 42016'30m West 224.01 feet; . . -  

thence along a line lying 90 feet East of and parallel to the centerline of said Bullard 
Wash, South 00°05'32" West 735.50 feet to the North line of the South 70 feet of the SW4 

of said section 20; 

thence along the North line of said South 70 feet, North 89037'21" East 160.01 feet; 
thence South 0P05'32" West 60.00 feet to the North line of the South 10 feet of the SW4 

of said section 20; 

thence along the North line of said South 10 feet, North 89037'21" East 70.00 feet; 
thence South 00005'32" West 10.00 feet to a point on the South line of the SW4 of said 
section 20; 

thence South 00°16'02 East 50.00 feet to the South line of the North 50 feet of the West 

half of said section 29; 

thence along the South ,line of said North 50 feet, South 89O37'2Im West 70.00 feet; 
thence South 00°16'02m East 55.00 feet to the South line of the North 105 feet; 
thence along the south line of said North 105 feet, South 89037'21" West 150.00 feet; 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
i 

prelim: 0 1-30-96 I chk: $' -2 7- yy- 
Revised: 1 1- 19-96.07-0 1-98; 8-26-98 

- * appr: - :.(,. 6 x .x,-.? - y+ ' 

final: 

Maricopa County Publlc Works Land and Right of Way Dlvlsion Titles and Right of Way 
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BULLARD WASH OUTFALL PROJECT 
WT10-25; 500-8 1-4E, 65,500-07-220,220 

EQUITABLE VANABLE LIFE [NSURANCE COMPANY 

(con t'd) 

thence along a line 100 feet East of and parallel to the centerline of said Bullard 
Wash, South 00°16'02" East 2545.53 feet to a point on the East-West mid section line 

of said section 29. 

thence continuing along a line 100 feet East of and parallel to the centerline line of 
said Bullard Wash, South 00"18'10" East 563.55 feet to a point on the Northerly 

right-of-way line of the Buckeye Water Conservation and Drainage District White 
Tanks Canal' as described in Docket 10480, Page 1438 Recorders Office, Maricopa . .. 

county; 
thence along said Canal right of way, North 80°24'44" West 110.19 to a point of 

intersection with the centerline of said Bullard Wash, said point for a tie, lies North 
09°50'01R East 2136.52 feet from a point on the South line of the West half of said 
section 29, which bean North 89O54'4IR East 1150.85 feet from the Southwest 

corner of said section 29; 

thence continuing along said Canal right of way, North 8W24'44" West 92.83 feet; 
thence North 00°18'10" West 528.92 to a point of intersection with the East-West 

mid section line of said section 29; 

thence along a llne lying 100 feet West of and parallel to the centerline of said 
Bullard Wash, North 00"16'02 West 2545.04 feet to a point on the South line of the 

~ o r t h  105 feet; 
thence along the south llne of the North 105.00 feet of the West half of said 
section 29, South 89"37'2IR West 150.00 feet; 

FLOOD CONTROL DISTRICT OF MARTCOPA COUNTY 

prelim: 0 1-30-96 ( chk: 8-27- qr 
Revised: 1 1 - 19-96,07-0 1-98; 8-26-98 

appr: $:,, ,.5f4..~1-9$ 
final: 

Marico~a County Public Works Land and Right of Way Division Titles and Right of Way 
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BULLARD WASH OUTFALL PROJECT 
WT10-25; 500-8 1-4E, 65,500-07-228,220 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

thence North 00°16'02" West 65.00 feet t o  the a point on the South line of the 

North 40 feet; 
thence along the South line of said North 40 feet, South 89037'21' West 95.00 feet; 
thenceiNorth 00°16'02' West 40.00 feet t o  a point on the North line of  said sectlon 

. .. 
29 and the POINT OF BEGINNING. 

Containing 916,117 feet or 21.0312 acres more or less. 

Page 4 ot 4 
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FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 
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Revised 1 1- 19-96,07-01-98; 8-26-98 final: 
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BULLARD WASH OUTFALL PROJECT 
WT 10-25-TCE 1 ; 500-8 1-65 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

A 20 foot wide Temporary Construction Easement lying within a portion of 
that certain parcel o f  land recorded at Record Number 94-781427 In the 
office of the Recorder, said easement is the South 20 feet of the North 30 

feet of the West 1184.79 feet of the West half (W2) of Section 29, TAN, R1 W, 

C&SRB&M, Maricopa County, Arizona, 

Containing 23,696 square feet or 0.5440 acres more or less. 

FLOOD CONTROL DISTRICT OF MARJCOPA COUNTY 

prelim: 7-02-98 1 chk: 8 -25- 7 8  
revised: 8-17-98 
Maricopa County Public Works Land and Right of Way Division 

appr: q!m ,p -2f- 9 8  
final:' l 
Titles and Right of Way 
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BULLARD WASH OUTFALL PROJECT 
WT 1 0-25-TCE2; 500-07-22B,22D 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

A Temporary Construction Easement lying within a portion of  that  certain 

parcel o f  land recorded at  Record Number 94-781427 in the off ice of the  

Recorder, said easement lies within the  Southwest quarter o f  Section 20, 

TIN, RAW, G&SRB&M, Maricopa County, Arizona, and is more particularly 

described as follows: 

COMMENCING a t  the  common corner of the Southwest corner of said 

Section 20 and the  Northwest corner of said section 29; thence along the 
South line o f  said section 20, North 89037'21" East 1529.78 feet to point of 
intersection o f  the South line of said section 20 and the centerline of the 
'Bullard Wash Outfall Project'; thence along the centerline o f  said Bullard 

Wash, North 0O005'32' East 80 feet to t h e  North line o f  the South 80 fee t  of 
the Southwest quarter of section 20; thence South 89°37'21" West 100 fee t  

t o  the  West r ight  of way line of said Bullard Wash and the POINT OF 

BEGINNING; thence along said West r ight  of way line, North 00°05'32' East 

215.01 feet; thence North 89037'21" East 10.00 feet,; thence North 00°05'32" 

East 509.78 feet; thence North 53"45'20m West 111.46 feet; thence South 

00°05'32" West 248.52 feet; thence North 8954'28" East 65.00 feet; thence 

South 0O005'32" West 327.22 feet; thence South 89037'21~ West 15.00 feet; 

thence South 00O05'32" West 215.00 feet  to the North line of  t he  South 80 

feet of the Southwest quarter of said section 20; thence along said North 

line, North 89"37'2Iw East 30.00 feet to the  POINT OF BEGINNING 

** Containing 34,035 square feet or 0.7814 acres more or  less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 7-02-98 ( chk: ,<?& 5-27- 
revised: 8-26-98 
Maricopa County Public Works Land and Right of Way Division 

appr: + p -4 7- 7; 
final: 
Titles and Right of Way 



BULLARD WASH OUTFALL PROJECT 
WT10-25-TCE3; 500-07-228-220 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

A Temporary Construction Easement lying within a portion of that certain 

parcel o f  land recorded a t  Record Number 94-781427 in the office of  the 

Recorder, said easement lies within the Southwest quarter of  Section 20, 

TIN, RAW, C&SRB&M, Maricopa County, Arizona, and is more particularly 

described as follows: 

COMMENCING a t  the common corner of the Southwest corner of said 

Section 20 and the Northwest corner o f  said section 29; thence along the 

South line of  said section 20, North 89"37'2In East 1529.78 feet to point o f  

intersection of  the South line o f  said section 20 and the centerline o f  the 

"Bullard Wash Outfall Project"; thence along the centerline of  said Bullard 

Wash, North 00°05'32" East 70 feet t o  the North line o f  the South 70 feet of 
the SW4 of said section 20; thence North 89037'21" East 90 feet t o  the East 

right o f  way line of  said Bullard Wash and the POINT OF BEGINNING; thence 

along said East right of way line, North 00005'32" East 735.50 feet; thence 

North 42O16'30" East 224.01 feet: thence North 81042'14" East 94.47 feet; 

thence South 42°16'30" West 318.52 feet t o  a point on a line lying 30 feet 

East of and parallel to the East right o f  way line of said Bullard Wash; thence 

South 00°05'32" West 679.01 feet t o  a point on the North line of the South 

70 feet of  the SW4 of said section 20; thence South 89037'21" West 30.00 feet 

to the POINT OF BEGINNING. 

Containing 37,493 square feet or  0.8607 acres more or  less. 

' 9  

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 7-02-98 ( chk: 6 6  e-27- 7.7 
revised: 8-26-98 

Maricopa county public Works Land and Right of way ~iv is ion 

appr: :-%',).A ,g ,,,* - 7/ 
final: 

Titles and Right of Way 



BULLARD WASH OUTFALL PROJECT 
WT 10-25-TCE4; 500-8 1 -6.f 

EQUITABLE VARIABLE LIFE INSUIWNCE COMPANY 

A Temporary Construction Easement lying within a portion of that certain parcel o f  land 

recorded a t  Record Number 94-781427 in the office of the Recorder, said easement lies within 

the west half of  section 29, TIN, RAW, C&SRB&M, Maricopa County, Arizona, and is more 

particularly described as follows: 

COMMENCING at the common comer of the Southwest corner of said Section 20 and the 

Northwest corner of said section 29; thence along the North llne of said section 29, North 

89"37'2Iw East 1529.78 feet to point o f  intersection of the North line of said section 29 and the 

centerline of the 'Bullard Wash Outfall Project"; thence along the centerline of said Bullard 

Wash, South 00°16'02" East 105 feet to the South line of  the North 105 feet o f  the W2 of said 

section 29; thence North 89O37'2In East 100 feet to the East right o f  way line of said Bullard 

Wash and the POINT OF BEGINNING; thence along said East right of  way line, South OCP16'02' 

East 2545.53 feet t o  a point on the East-West mid section line o f  said section 29; thence along 

said mid section line, North 89045'50' East 85.00 feet; thence North 00°16'02" West 60.00 feet; 

thence South 8g045'50' West 50.00 feet; thence along a llne 35 feet East of and parallel to the 

East r ight of way line of  said Bullard Wash, North 0P16'02" West 1208.40 feet; thence North 

89°37'21w East 50.00 feet ; thence North 00016'02" West 100.00 feet; thence South 89037'21" West 

55.00 feet; thence along a line 30 feet East of  and parallel t o  the East r ight of way line of said 

Bullard Wash, North 00°16'02' West 1177.22 feet to a point on the South line o f  the North 105 

feet of the W2 o f  said section 29; thence along said South line, South 89O37'21" West 30.00 feet 

t o  the POINT OF BEGINNING. 

Containing 91,209 square feet or 2.0939 acres more or less. 
b 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 7-02-98 I chk: &5. ,o - 2/-33 
revised: 8- 17-98 

Maricopa County Public Works Land and Right of Way Division 

appr: :f.;/,. <' ,-, ' -  r ; ; ~  
final: 

Titles and Right of Way 



BULLARD WASH OUTFALL PROJECT 
W T  10-25-TCE5; 500-8 1 -4E 

EQUITABLE VARIABLE LIFE INSURANCE COblPANY 

A Temporary Construction Easement lying within a portion of that certain parcel of land 

recorded a t  Record Number 94-781427 in the office of the Recorder, said easement lies within 

the South half of the West half of Section 29, TIN, RAW, G&SRB&M, Maricopa County, Arizona, and 

is more particularly described as follows: 

COMMENCING at the West quarter corner of said sectlon 29; thence along the East-west mid 

sectlon Iine, North 89045'50" East 1533.42 feet to point of intersection of the East-west mid 

section line o? said section 29 and the centerline of the 'Bullard Wash Outfall Project'; thence 

continuing along said East-West line, North 89"45'50m East 100 feet to the East rlght of way line of 

said Bullard Wash and the POINT OF BEGINNING; thence along the East line of said right of way, 

South 00°18'10' East 563.55 feet to a polnt on the Northerly right-of-way line of the Buckeye 

water conservation and Drainage District White Tanks Canal* as described in Docket 10480, Page 

1438, Recorders Office, Maricopa County; thence along said Canal right of way line, south 

80°24'44* East 178.81 feet; thence leaving the North line of said canal right of way, North 

09~35'16" East 50.00 feet; thence North 80024'44' West 152.00 feet; thence along a line 35 feet East 

of and parallel to  the East rlght of way line of said Bullard Wash, North 00°18'10" West 468.86 feet 

to a point on the South line of the North 50.00 feet of the S2W2 of said section 29; thence along 

said South Iine, North 89045'50' East 50.00 feet; thence North 00°18'10* West 50.00 feet to a point 

on the East- West mid section line of said section 29; thence along said mid section line, South 

89"45'50m West 85.00 feet to the POINT OF BEGINNING. 

Containing 29,713 square feet or 0.6821 acres more or less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 7-02-98 I chk: &; E-2.y- 98 
revised: 8- 17-98 
Maricopa County Public Works Land and Right of Way Division 

appr: ?,5iL=.-, ,: .,: -,,- 7 L 

fmal: 
Titles and Right of Way 



BULLARD WASH OUTFALL PROJECT 
WT 10-25-TCE6; 500-8 1 -4E 

EQUITABLE VARIABLE LIFE INSURANCE COMPANY 

A Temporary Construction Easement lying within a portion of that  certain parcel of land 

recorded at  Record Number 94-781427 in the office of the Recorder, said easement lies within 

the South half o f  the West half of Section 29, TIN, RAW, G&SRB&M, Maricopa County, Arizona, and 

is more particularly described as follows: 

COMMENClNG a t  the West quarter corner of said section 29; thence along the East - West mid 
section line, North 89°45'50" East 1533.42 fee t  to point of intersection of the East-West mid 
section line o? said section 29 and the centerline of  the 'Buliard Wash outfall Projec; thence 

along said East-West line, South 89O45'50' West 100 feet t o  the West r ight  of way line of said 

Bullard Wash and the POINT OF BEGINNING; thence along the West line of said right of way line, 
South 00°18'10n East 528.92 to a point on the Northerly right-of-way line o f  the Buckeye Water 

Conservatfon and Drainage District 'Buckeye Canaln as described in Docket 10480, Page 1438, 

Recorders Office, Maricopa County; thence along said Canal right of way, North 80024'44" West 

30.45 feet; thence leaving the North line of said canal and along a line 30 feet West o f  and 

parallel t o  the West right o f  way line o f  said Bullard Wash, North 00°1810' West 473.72 feet to a 

point on the South ilne of the North 50.00 feet of the S2W2 o f  said section 29; thence along said 

South line, South 89045'50" West 50.00 feet; thence North 00O18'10" West 50.00 feet t o  a point on 

the East- West mid section line of said section 29; thence along said mid section line, North 

89°45'50' East 80.00 feet to the POINT OF BEGINNING. 

Containing 18,290 square feet or 0.4199 acres more or  less. 

FLOOD CONTROL DISTRICT OF MARTCOPA COUNTY 

prelim: 7-02-98 I chk: @&-2/24B - 
revised: 8-17-98 

Maricopa County Public Works Land and Right of Way Division 

appr:<??/.+ 7~ , - ,., , 7,A 
final: 

Titles and Right of Way 



BULLARD WASH OUTFALL PROJECT 
WT 10-25-TCE7; 500-8 1-65 

EQUITABLE VARIABLE LIFE INSURANCE COMPXNY 

A Temporary C ~ n S t r ~ C t i O n  Easement lying within a portion of that certain parcel of land 

recorded a t  Record Number 94-781427 in the Offlce of the Recorder, said easement lies within 

the West half of Section 29, TIN, RIW, G&SRB&M, MaricOpa County, Arizona, and is more 

particularly described as follows: 

COMMENCING 'at the common comer o f  the Southwest corner of said Section 20 and the 

Northwest corner of  said section 29; thence along the North llne of said section 29, North 

89037'21" East 1529.78 feet to point of intersection of the North line o f  said section 29 and the 

centerline of the 'Bullard Wash Outfall Projecr; thence along the centerline of said ~ullaid' 
Wash, South 0P16'02' East 105 feet to the South line of the North 105 feet o f  the W2 of said 

section 29; thence South 89O37'2In West 100 feet to the West right o f  way line of  said Bullard 

Wash and the POINT OF BEGINNING; thence along said West rlght of way line, South 00"16'ozm 

East 2545.04 feet to  a point on the ~ast-West mid section line of said section 29; thence along 

said mid section line, South 8g045'50* West 80.00 feet; thence North 00°16'02" West 50.00 feet; 

thence North 89045'50' East 50.00 feet; thence along a llne 30 feet West of and parallel to  the 

West rlght of way line. o f  said Bullard Wash, North 00°16'02' West 1227.74. feet; thence South 

89037'21" West 50.00 feet ; thence North 00~16'02" West 90.00 feet; thence North 89"37'2In East 

50.00 feet; thence along a line 30 feet West of and parallel to the East right o f  way line of said 

Bullard Wash, North 00"16'02' West 1177.22 feet to a point on the South line o f  the North 105 

feet of the W2 of said section 29; thence along said South line, North 89O37'21" East 30.00 feet 

to  the POINT OF BEGINNING. 

Containing 83,350 square feet or 1.9135 acres more or less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 7-02-98 ) chk: -9 z - z / - 4 p  appr: 3 / ., 3 i -, .- , ,7i=;' 
revised: 8- 17-98 

Maricopa County Public Works Land and Right of  Way Division 

final: 
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T H I S  DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
9 8 - 0 4 9 7 1 2 6  

LMARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
WT10-40 ; 5 0 0 - 8 1 - 0 0 4 5  

BUCKEYE WATER CONSERVATION AND DRAINAGE D I S T R I C T  

A portion of the Southwest quarter (SW4) o f  Section 29, TIN, RAW, G&SRB&M, 

Maricopa County, Arizona, said portion being that part of that certain parcel of  

land recorded a t  Book 412 of Deeds, Page 160 in the office of the Recorder of  said 

County, which lies West of a line parallel with and 75' East of the following 

described line: 

LINE DESCRlPTlON 

COMMENCING a t  the West quarter corner of said Section 29; thence along the East 

West mid-section line, North 89O45'50" East 1533.42 feet; thence along a line 225 

feet East of the West line of  the East half of  the Southwest quarter, South 

00°18'10" East 476.94 feet; thence 39.81 feet along a tangent curve to the right 

having a radius o f  225 feet and a central angle o f  10°08'11"; thence South 9°50'01n 

West 28.65 feet t o  a point on the Northerly right o f  way line of the 'Buckeye 

Irrigation District Canal" (Docket 10480, Page 1438) of  said recorder's office, and the 

POINT OF BEGINNING; thence South 9"50'0In West 2136.52 feet t o  a point on the 

South line of  said Section 29 which bears North 89O54'4In East 1150.85 feet from 

the Southwest corner o f  said Section 29; said point being the terminus of  the 

herein described line. 

EXCEPT the West 40 feet thereof; and 

EXCEPT the North 230 feet thereof; and 

EXCEPT the South 30' of the North 260 feet o f  the East 170 feet thereof; and 

EXCEPT any portion of the property described in Record Document 91-037205. 

* 
The above described parcel contains 2,569,664 square feet or 58.9684 acres more 

or less. 

FLOOD CONTROL DISTRICT OF XARICOPA COUNTY 

prelim: 0 1-30-96 I chk: fi+ 8-27-78' 
revised 7-25-96; 1 1- 19-96; 3-27-98; 8-25-98 
Maricopa County Pub1 i c  Works Land and Right of Way Division 

appr: -' I . ,; , 7-93 
final: 
Titles and Right of Way 
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THIS DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
98-04971 26 

MARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
WT10-40-IE; 500-81 -004J 

BUCKEYE WATER CONSERVATION AND DRAINAGE DISTRICT 

The Northerly 230 feet o f  that certain parcel of land recorded a t  Book 412 of 
Deeds, Page 160 as recorded in the office of the Recorder o f  said County, 
lying within the Southwest quarter (W4)  of Sectlon 29, TIN, RAW, G&SRB&M, 

Maricopa County, Arizona, lying West of the  following described line: 

COMMENCING at  the West quarter comer of said Section 29; thence along the  

East-West midsection line, North 89O45'50" East 1533.42 feet; thence along a 

llne 225 feet East of and parallel with the West llne of the East half of said 

Southwest quarter, South 00°18'10" East 476.94 feet; thence 39.81 feet along 

a tangent curve to the right having a radius of 225 feet and a central angle of 
10°08'11"; thence South 09°50'01' West 28.65 feet t o  a point on the Northerly 

right of way llne of the 'Buckeye Irrigation District Canal (Docket 10480, Page 

1438) of said recorder's offce; thence along the Northerly line of said canal, 

South 80°24'44" East 475 feet to the POINT OF BEGINNING; thence 09°50'01n 

West to a point on the Southerly line of the North 230 of the parcel of land 

according ~ o o k  412, of Deeds, Page 160 and the terminus o f  said line. 

The above described parcel contains 460,605 square feet or 10.5740 acres 

more or less. 

FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY 

prelim: 3-27-98 ( chk: Lft4 8-27- 73 ( appr: .  -+ ?-:,?-$y 
r e v i s e d :  8-25-98 

Maricopa County Public Works Land and R i g h t  of Way Division 
f i n a l  : 
T i t l e s  and Right of Way 
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THIS DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
98-0497126 

MARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
WT10-40-PCE; 500-81-0045 

BUCKEYE WATER CONSERVATION AND DRAINAGE DISTRICT 

The East 170' o f  the North 260' of the following described property: 

A portion of  the Southwest quarter (SW4) of Section 29, TIN, RIW, G&SRB&M, Maricopa 

County, Arizona, said portion being that part of  that certain parcel o f  land recorded at 

eook 412 of Deeds, Page 160 as recorded in the office of the Recorder of said County which 

lies West of  a line parallel with and 75' East of the fo i lo~ lng  described line: 

LINE DESCRIPTION 

COMMENCING at  the West quarter corner of said Section 29; thence along the East-West 

mid-section line, North 8g045'50" East 1533.42 feet; thence along a line 225 feet East of  and 

parallel with the West line of the East half of sald Southwest quarter, South 00°18'10" East 

476.94 feet; thence 39.81 feet along a tangent curve to the right having a radius of  225 feet 

and a central angle of 10°08'11"; thence South 09°50'01" West 28.65 to the POINT OF 

BEGINNING; thence South 9°50'01m West 2136.52 feet to  a point on the  South line of  said 

Section 29 which bears North 89O54'4In East 1150.85 feet from the Southwest corner of said 

Section 29; sald point being the terminus of the herein described line. 

The above described parcel contains 44,200 square feet or 1.0147 acres more or  less. 

FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

prelim: 1-30-96 1 chk: &7 -3 8-27-72? ( appr: . . . ,-. .. ,'7-9,5 I . I  

revised: 7-25-96: 11-19-96: 3-25-98; 8-25-98 I final : - -  - - -  

Maricopa County Public Works Land and Right of Way Division 1 Titles and Right of Way 
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THIS DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
98-0497126 

MARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
WT10-40-PCE2; 500-81-0045 

BUCKEYE WATER CONSERVATION AND DRAINAGE DISTRICT 
(BASIN) 

A parcel of land, lying South of and parallel t o  the Northeasterly right o f  way line of  the 

Buckeye Irrigation District Canal per Docket 10480, Page 1438, and lying within the 

Southwest quarter (SW4) of Section 29, TIN, RAW, G&SRB&M, Maricopa County, Arizona, said 

parcel being also a part of  that certain parcel of land recorded a t  Book 412 of  Deeds, Page 

160 as recorded in the office of  the Recorder of said County, and is more particularly 

described as follows: 

COMMENCING a t  the West quarter corner of said Section 29; thence along the ~ast-west 

mid-section line, North 8g045'50" East 1533.42 feet; thence along a line 225 feet East of  and 

parallel with the West line of  the East half of said Southwest quarter, South 00°18'10" East 

476.94 feet; thence 39.81 feet along a tangent curve to  the right having a radius of 225 feet 

and a central angle o f  10°08'11"; thence South 09°50'01" West 28.65 to a point on the 

Northeasterly right of  way line of  said cailal; thence, South 80°24'44" East along said canal 

75 feet to  the Easterly right of  way line of the 'Bullard Wash Outfall Project' and the POINT 

OF BEGINNING; thence South 80°24'44" East 225.00 feet; thence South 09°50'01" West 78.00 

feet; thence North 80°24'44" West 225.00 feet t o  a point on the Easterly right of way line 

of said 'Bullard Wash Outfall Project; thence along the Easterly line of said right of  way, 

. North 09°50'01" East 78.00 feet to the POINT OF BEGINNING. 

The above described parcel contains 17,550 square feet or 0.4029 acres more or less. 

FLOOD CONTROL DISTRICT OF XARICOPA COUNTY 

prelim: 3-25-98 I chk: 0 8-37-fi;r appr : 7 ,, .. , ,:- - .- ;7 - ?.' 
revised: 4-03-98; 8-25-98 final : 
Maricopa County Public Works Land and Right of Way Division Titles and Right of Way 
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T H I S  DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
9 8 - 0 4 9 7 1 2 6  

MARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
' d T 1 0 - 4 0 - T C E I ;  5 0 0 - 8 1 - 0 0 4 5  

BUCKEYE WATER CONSERVATION AND DRAINAGE D I S T R I C T  

A portion of  The Northerly 230 feet o f  that  certain parcel of land recorded 

at Book 412 of  Deeds, Page 160 as recorded in the office of the Recorder of 
said County, lying within the Southwest quarter (SW4) of Section 29, TIN, RAW, 

G&SRB&M, MaricOpa County, Arizona, the Northerly line of said portion is more 

particularly described as follows: 

COMMENCING at  the west quarter comer of said Section 29; thence along the 
East-West mid-section Ilne, North 89*45'50m East 1533.42 feet; thence along a 
line 225 feet East o f  and parallel with the West line of  the East half of said 

Southwest quarter, South 00°18'10" East 476.94 feet; thence 39.81 feet along 

a tangent curve t o  the right having a radius of 225 feet and a central angle of 
10°08'11" ; thence South 09°50'M" West 28.65 feet t o  a point on the Northerly 

right o f  way line the 'Buckeye Irrigation District Canal (Docket 10480, Page 

1438); thence along the Northerly line of said  anal, South 80°24'44" East 475 

feet t o  the POINT OF BEGINNING; thence along the Northerly line of  said canal, 

North 80°24'44" West 875.00 feet t o  the point o f  terminus. 

The above described parcel contains 201,251 square feet or 4.6201 acres more 

or less. 

I BLOOD CONTROL DISTRICT OF MARICOPA COUNTY 1 - -- -- ~ - - 

prelim: 3-27-98 ( chk : 6 9  fl-2 7- 7s ( appr : -;.,,.,h-g .A7 '- .?J 
- .  - 

revised: 8-25-98 I tlnal: 
Maricopa C o u n t y  Public Works Land and R i g h t  of Way Division 1 Titles and Right of Way 
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THIS DESCRIPTION AMENDS THAT CERTAIN DOCUMENT 
98-0497126 

MARICOPA COUNTY RECORDER 

BULLARD WASH OUTFALL PROJECT 
WTlO-40-TCE2; 500-81-0045 

BUCKEYE WATER CONSERVATION AND DRAINAGE DISTRICT 

A 20 foot wide parcel of land lying South of the Southerly right of way line o f  the Buckeye 

Irrigation District Canal as described in Docket 10480, Page 1438 as recorded in the office 

of the Recorder, Maricopa County, lying within the Southwest quarter (SW4) of  Section 29, 

TIN, RIW, G&SRB&M, Marlcopa County, Arizona, said parcel being also a part of that certain 

parcel of land recorded a t  Book 412 o f  Deeds. Page 160 as recorded in the office of said 

Recorder, the westerly line of which lies East of a line parallel with and 75' East of  the 

following described line: 

COMMENCING at the West quarter corner of said Section 29; thence along the ~ast-west 

mid-section line, North 89O45'5OW East 1533.42 feet; thence along a line 225 feet East of and 

parallel with the West line of  the East half of said Southwest quarter, South 00~18'10" ~ a s t  
476.94 feet; thence 39.81 feet along a tangent curve to  the tight having a radius of 225 feet 

and a central angle of 10°08'11"; thence South 09°50'01* West 28.65 feet to a point on the 

Northeasterly right of way line of said canal; thence, South 09O50'01" West to a Point on the 

Southerly right of line of said canal a distance o f  230.00 feet and the POINT OF BEGINNING; 

thence South 09°50'01w West 1130.00 feet to the terminus of said line. 

The above described parcel contains 22,601 square feet or 0.5188 acres more or  less. 

FLOOD CONTROL D I S T R I C T  OF MARICOPA COUNTY - / -  prelim: 3-25-98 Ichlc: - E-Z,+= 
revised: 8-25-98 
Maricopa County Public Works Land and Right of Way Division 

appr: ;/,,,J;. 2-A2>.p9 
final : 

Titles and Right of Way 
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of 
Maricopa County 

2801 \Vest Durango Street Phoenix, Arizona 85009-6399 
Telephone (602) 506-1 501 

Fax (602) 506-4601 
TT (602) 506-5897 

BOARD OF DIRECTORS 
.Jan Brewer 
Fulton Brock 

Andrew Kunasek 
Don Stapley 

Mary Rose Garrido Wilcox 

August 3, 1998 

Ms. Cynthia Parker, Environmental Coordinator 
Aviation Environmental Department 
City of Phoenix Aviation 
3400 Sky Harbor Boulevard 
Phoenix, Arizona 85034 

Subject: Bullard Wash Channel Improvements Project - Phoenix Goodyear Airport Debris 
Dump 

Dear Ms. Parker: 

As you know the Flood Control District of Maricopa County and the City of Goodyear are 
working together to design and construct the subject channel improvements project. The 
alignment of the channel crosses through the southwest comer of the Phoenix Goodyear Airport. 
Airport staff notified the District of the existence of an old construction debris landfill located in 
this area of the airport. 

We appreciate the information you have provided us about the landfill, including a copy of the 
characterization report completed for you by SCS Engineers, dated June 4, 1998. The report is 
comprehensive and includes data on numerous test trenches. In a recent telephone conversation, 
you stated that you "felt very good about the material in the landfill" and that "you had retrieved 
all of the waste oil bowsers" attributed to be in the landfill. The characterization done by SCS 
plus previous historical information you provided indicates that no hazardous or other substances 
requiring special handling are present within the landfill. 

You have also provided to us information regarding the fact that the airport is within a supefind 
site. The FAX included suggested language to be included in our specifications. 

I have coordinated alTthis information with District Environmental staff and with District General 
Counsel. We have incorporated this information into our project specifications, and we will 
address the construction debris landfill as follows: 

1. The specifications include the superfind site information language you recommended. 

2. The specifications direct the contractor on how to excavate within the limits of the 
landfill. This includes having either District Environmental staff or one of our on-call 
environmental consultants on site at all times during such excavation. 



. Ms. Cynthia Parker, Environmental Coordinator 
City of Phoenix Aviation 
Subject: Bullard Wash Channel Improvements Project - Phoenix Goodyear Airport Debris 
Page 2 of 2 

3. Any material exposed during excavation which requires special handling will be handled 
by District staff and our on-call consultant services, which are experienced in removing 
and disposing of such material. Work by the contractor would cease in the area of the 
exposed special material until it was mitigated. 

4. Where construction debris remains exposed at the face of excavation limits as required 
for the project, a minimal amount of over-excavation will be done to remove the exposed 
debris, and the area will then be backfilled and compacted with approximately three feet 
of clean dirt. This will create a more acceptable finished surface of the dump at. such 
locations. 

5. Debris, stained soils and other similar materials will be removed to the limits required for 
the project, plus any over-excavation as described above. We will not "chase" any debris 
or stains beyond the required limits of the project beyond the over-excavation limits as 
described above. Should our contractor cause a substance to leak and stain the soil, the 
District would remove this soil. 

You have been provided with the 90% plans for the project, and we will be happy to provide you 
with a set of the final plans and specifications when available. You are also welcome to attend 
the project construction pre-bid meeting, which will be held at District offices sometime in 
October. The District will notify you of the date and time of the meeting. This will provide you 
an opportunity to make any comments to the potential contractors bidding on the project. 

If you should have any other questions or need additional information from .us, or if you have any 
additional information that would be helpful to us, please do not hesitate to call me at 506-4878. 
Thank you again for your assistance on this project. 

Sincerely, 

Donald J. ~ e s k ,  P.E. 
Project Manager 

Copies to: Shawn Arena, Phoenix Goodyear Airport 
Jack Shelter, City of Phoenix Aviation Department 
Brad Olbert, Sverdrup Civil, Inc. 



Ci ty  of Phoenix 
- - 

June 16,1998 

Theresa Hoff 
Maricopa County Flood Control District 
Property.Planning Management 
2801 West Durango Street 
Phoenix AZ 85009 

RE: Bullard Wash Project, Phoenix Goodyear Airport 

Ms. Hoff: 

The City's characterization report for Phoenix Goodyear Airport's southern debris 
fill is sent with this letter. The City's characterization was not different from the County's 
study showing construction debris, with the exception of the locating of a few metal 
containers (hot water heaters or empty steel tanks) which were removed and were not 
located in the County's proposed construction area. 

I have sent you a copy of the City's disclaimer of conditions at Phoenix Goodyear 
Airport, dated March 1998, attached again for your reference. 

I believe that our only unfinished item is to develop a land exchange document 
incorporating the conditions of the exchange. 

Please call me at 273-2730 if I can further assist. 

Sincerely, 

Cynthia Parker 
Environmental Coordinator 

R:UOMIN\ENVIRON\CORR\4053 DOC 



WORKER PROTECTION 

a. Contractor understands and acknowledges that the Phoenix Goodyear Airport, at 
which the Contractor is to perform a portion of the work, is listed on the National 
Priorities List pursuant to Section 105 of the Comprehensive Environmental 
Compensation and Liability Act, 42 U.S.C. 9605, because of the presence of 
regulated substances at the facility. For this work, the contractor will be in an 
area that has been studied, and has been found not to have soils concentrations 
for trichloroethylene above the EPA cleanup standards (by VLEACH Modeling). 

Regulated Substances means those substances (including petroleum), included 
within the definitions of hazardous substance, hazardous chemical, hazardous 
material, regulated or toxic substance, or hazardous, solid or special waste 
under federal, state, and local laws presently in effect or that may be enacted, 
promulgated or adopted in the future or may be amended from time to time, 
including but not limited to the following: 

Resource Conservation and Recovery Act of 1976,42 U.S.C. 6901, et seq., as 
amended (RCRA); Toxic Substances Control Act, 15 U.S.C. 2601 et seg., as 
amended; Occupational Safety and Health Act of 1970, as amended, and 
Arizona Occupational Safety and Health Act, A.R.S. 23-401, et seq., as 
amended (OSHA); Comprehensive Environmental Response, Compensation 
and Liability Act, as amended by the Superfund Amendments and 
Reauthorization Act, 42 U.S. C. 9601 et sea., as amended. Insecticide, 
Fungicide, and Rodenticide Act, 7 U.S.C. 13, et sea., as amended; The Arizona 
Environmental Quality Act, A.R.S. § 49-1 01, as amended. 

b. Contractor further understands and acknowledges that the work could expose its 
employees and subcontractors to Regulated Substances. Therefore, it shall be 
the responsibility of the Contractor to conduct reasonable inquiry of the County 
to ascertain whether the work will affect or disturb any regulated substances, or 
may result in any potential employee exposure that is known to be present at the 
job site where the Work is to be performed. 

c. The County informs the Contractor that an old U.S. Navy Dump may reside in 
the work area. Exact boundaries are not known, but it is believed that the fill 
is predominately construction debris that could possibly include asbestos, 
considering the dates of use. No direct evidence supports this belief. 

d. If during the performance of the work, any unforeseen Regulated Substances 
are encountered, Contractor shall immediately notify the County of the encounter 
and shall not recommence work until implementation of the Contractor's Health 
and Safety Plan and upon direction of the County. Depending on the nature of 
the Regulated Substances encountered, the County may (i) direct the Contractor 



to complete the original scope of work after employee safety concerns have 
been resolved (ii), agree with the Contractor to modify the scope or (iii) terminate 
the contract and pay Contractor for work performed. 

e. Contractor shall furnish its Subcontractors with a copy of this section of the 
Contract and shall ensure that its subcontractors comply with the requirements of 
this section. The Subcontractor will acknowledge its understanding of 
appropriate health and safety plans by signing and dating the plans. 

R.L4DMIN\ENVIROMDOCUMENn398* DOC 



27132 Nor:n ii-lth Street 

Su;!e i G 5 B  
Phoenix Arizona 85008- 1533 

June 4, 1998 
File No. 10.9701 8.08 

Ms. Cynthia Parker 
City of Phoenix 
Aviation Department 
3400 Sky Harbor Boulevard 
Phoenix, AZ 85034-4420 

Subject: Characterization of Solid Waste Disposal Area 
Southwest Portion of Phoenix-Goodyear Airport 
Goodyear, Arizona 

Dear Cynthia: 

Pursuant to  your request, SCS Engineers (SCS) is pleased to provide this letter report 
describing the methodology and findings of our characterization of the solid waste 
disposal area which exists at the southwest end of the runway at the Phoenix-Goodyear 
Airport in Goodyear, Arizona. 

If you have any questions, please contact either of the undersigned at (602) 840-2596. 

Sincerely, 

: I-.- -..- .+-->_-&-i-. 
. . - - * --<-u,-. . i 

stephe; B. Smith, P.E. 
~ ro ]ec t  Directpr A 

Bradley F. .&hnston, P.G. 
Vice president 
SCS ENGINEERS 

Attachments 

Birmingham Chicago Cincinnati Kansas City Los Angeles New York 

Phoenix Son Francisco Seattle Tampa Vancouver, B.C. Washington D.C 



SCS ENGINEERS - 

SUBSURFACE INVESTIGATION OF SOLID WASTE DISPOSAL AREA 
SOUTHWEST PORTION OF PHOENIX-GOODYEAR AIRPORT 

JUNE 4, 1998 
FILE NO. 10.97018.08 

BACKGROUND 

A solid waste disposal area was identified at  the southwest end of the Phoenix- 

Goodyear Airport (PGA). Based on a review of historical aerial photographs dated 1958, 

1964, 1970, 1977, 1980, 1986, 1992, and 1994, dumping and/or excavation in the 

area appears to have begun between 1964  and 1970, and ceased between 1992  and 

1994. Verbal reports indicate that the disposal area was active in 1968, and was 

covered wi th soil in 1994. 

The Maricopa County Flood Control District (MCFCD) is planning to  disturb a portion of 

the disposal area in order t o  construct a drainage canal which will pass through the area. 

A t  the present time, it is anticipated that approximately one-third of the disposal area 

would be located within the planned MCFCD channel. 

SCS was retained to  perform a characterization of the disposal area in order to  evaluate 

the nature and extent of disposed materials. The characterization included the 

following: 

Preparation of a site-specific health and safety plan; 

A preliminary site visit wi th PGA operations personnel; 

Clearance for underground utilities by Arizona Blue Stake; 

Excavation of 12  backhoe test pits to  visually identify the nature and extent 

of buried waste; 
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Surveying of test pi t  locations; and 

Preparation of an AutoCAD map of the disposal area and this report. 

Since visual observations did not  identify the presence of apparent contamination, no 

soil samples were collected for laboratory analysis. 

METHODOLOGY 

A CAT 320 track excavator was used to  excavate the test pits. Due t o  concerns 

regarding generation of dust near the end of the runway, a water truck was used to wet  

the excavation area and stockpiled soil during excavation activities. This item was not 

included in the original proposal, but SCS notified Cynthia Parker of COP Aviation via 

facsimile regarding this change in scope. Following excavation of the test pits, the track 

excavator and a front end loader were used t o  backfill the excavations to  original grade. 

The front end loader was not  included in the original proposal, but SCS notified Mr. Bill 

Bown of COP Aviation regarding this change in scope. There was significantly more 

lineal feet of trench opened during the excavation than anticipated, and the addition of 

the front end loader for backfilling reduced total field time b y  at least one day. 

In general, the test pits were started outside the apparent limits of the burial area, and 

were extended into the suspected burial area. Depth of the test pits ranged from 

approximately eight t o  21 feet below ground surface, penetrating at least four feet into 

native soil beneath visible waste materials. Waste materials removed from the test pits 

were visually characterized to  evaluate the types of waste in the disposal area. 

Information regarding each test pit, including test pi t  depth and location, nature of 

waste, and depth of waste is included in Table 1. 

Following excavation of test pits, the test p i t  locations were surveyed for mapping onto 

the site map. After test pits were logged and surveyed, they were backfilled. Wi th  the 

exception of a waste oil tank, oil bowser, and three smaller tanks or pressure vessels, 

any debris that had been excavated was placed back into the excavation, followed by  at 

least t w o  feet of soil t o  preserve the cover over buried materials. The waste oil tank 
n 
% 2  
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and bowser were not replaced into the excavated area, and have reportedly been 

emptied and disposed of under the supervision of COP Aviation. The smaller tanks or 

pressure vessels were also disposed of under the supervision of COP Aviation. 

FINDINGS 

Nature Of Waste Materials 

As shown in Table 1, waste materials observed in the test pits included the following: 

Concrete 

Asphaltic concrete 

Rocks 

Soil 

Plastic sheeting 

Wood 

Shingles 

A propane tank 

A metal waste oil tank 

Empty metal drums 

Cable, pipe, and other scrap metal 

A concrete oil "bowser" 

Apparent boiler tanks 

Fiberglass insulation 

Tires 

Brick and clay pipe 

Vegetative debris 

One piece of transite (asbestos-containing concrete) piping was observed on the 

sideslope of the disposal area. 



Field indications (odors or visible staining) of contamination were no t  observed in the 

test pits. 

Extent Of Waste Materials 

Buried waste materials were generally not observed outside the suspected disposal area, 

which is visible in the field as a topographically elevated area west o f  the underground 

gas pipeline, bounded by slopes ranging up to  15 feet high. One test pi t  was excavated 

on the east (runway) side of the gas pipeline, but the only materials observed were inert 

materials including rocks, concrete, and asphalt. 

Distribution of waste materials was not consistent in terms of depth or lateral extent. 

Based on this investigation, it appears that waste materials were disposed of by 

dumping over the edge of former embankments, resulting in discontinuous lenses of 

waste materials. The maximum depth of buried materials observed in  the test pits was 

approximately eight t o  nine feet below ground surface, and in  most cases waste was 

covered by at least t w o  feet of soil at the surface. In some cases, waste was visible in 

the sideslopes of the disposal area. 

Waste material observed in the test pits appeared in discontinuous lenses of waste 

mixed w i th  soil, wi th soil comprising from 3 0  to  70 percent of the waste deposits. 

There was no apparent trend in orientation of these lenses, although the largest 

concentration of waste materials appeared to  be in the western end of the disposal area, 

in the vicinity of test pit TP3. 

CONCLUSIONS 

Based on the findings of this investigation, buried waste materials are not limited to  inert 

materials as defined by Arizona Revised Statutes 49-701 . I  6. Although soil or 

groundwater contamination is not suspected based on visible observation of the test 

pits, there is the potential that containers of regulated materials (such as the waste oil 

tank and bowser, which were removed) may be buried in the area. 
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The distribution of waste materials is no t  consistent and the waste deposits generally 

include a significant portion of  soil. However, it appears that  the largest concentration 

o f  waste materials is in  the western end of  t he  disposal area. 
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Table 1. Test Pit Locations and Depths, Depth of Waste and Nature of Waste 
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TEST PIT 
NUMBER 

TP1 

TP2 

TP3 

TP4 

TP5 

TP6 

TP7 

TEST PIT LOCATION 

Starting northwest of 
suspected area, extending 
southeast t o  approximate 
center of suspected area. 
Starting south of suspected 
area, extending north into 
suspected area. 

Starting south of suspected 
area, extending north into 
suspected area. 

Starting northwest of 
suspected area, extending 
southeast into suspected 
area. 
Starting northwest of 
suspected area, extending 
southeast into suspected 
area. 
Starting and ending in  
northwest portion of 
suspected area. 
Starting south of suspected 

DEPTH INTERVAL OF WASTEIDEBRIS 

Maximum thickness between 2-6 feet 
bgs, at 160 feet south of the edge of 
slope near center of test pit. Minor 
amount at edge of slope. 
Maximum thickness between 2-4 feet 
bgs, at approximate edge of slope, 
thinning toward center of suspected 
area. 
Maximum thickness between 2.5-7 
feet bgs, at approximate center of test 
pit. 

Maximum thickness between 1-3 feet 
bgs, at approximate edge of slope. 

Limited amount, maximum thickness 
between 2-4 feet bgs, at approximate 
edge of slope. 

No waste or debris encountered 

Maximum thickness between 3-8 feet 

NATURE OF 
WASTEIDEBRIS 

Asphalt, concrete, palm 
fronds, plastic sheeting 

Concrete, metal cable, 
rocks 

Metal pipe, wood, 
fiberglass insulation, 2 
tires, propane tank, 2 
empty 55-gallon drums 
labeled silicone sealant, 
plastic sheeting, waste 
oil tank, oil bowser 
Wood, plastic sheeting 

Wood, plastic sheeting 

No waste or debris 
encountered 

Concrete, rebar, scrap 

COMMENTS 

Maximum 
depth of test 
pi t  2 1 feet 

Maximum 
depth of test 
pi t  12  feet 

Maximum 
depth of test 
pi t  1 8  feet 

Maximum 
depth of test 
pi t  7 feet 

Maximum 
depth of test 
pi t  8 feet 

Maximum 
depth of test 
pi t  14 feet 
Maximum 
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TEST PIT 
NUMBER 

TP8 

TP9 

TPIO 

T P I  I 

T P I  2 

TEST PIT LOCATION 

area, extending north t o  
north portion of suspected 
area. 
Starting south of suspected 
area, extending north into 
center of eastern portion of 
suspected area. 
Starting south of suspected 
area, extending north into 
center of eastern portion of 
suspected area. 
Starting at northeast edge 
of slope (near gas line), 
extending southwest north 
into center of eastern 
portion of suspected area. 
Starting at northeast edge 
of slope (near gas line), 
extending southwest north 
into center of eastern 
portion of suspected area. 
East side of gas line, 
extending toward runway 

DEPTH INTERVAL OF WASTEIDEBRIS 

bgs, at 10 feet north of the edge of 
slope. 

Maximum thickness between 4-8 feet 
bgs, from break in slope to  
approximately 35  feet north of slope, 
thinning t o  north. 
Maximum thickness between 2-9 feet 
bgs, at approximately 30 feet north of 
slope. 

Maximum thickness between 4-8 feet 
bgs, thinning to  south. 

Maximum thickness between 4-8 feet 
bgs, at south end of test pit. Asphalt 
present at northern end of test pit. 

Maximum thickness from ground 
surface t o  6 feet bgs, thinning rapidly 
t o  east 

NATURE OF 
WASTEIDEBRIS 

metal, drums, metal 
pipe, asphalt, palm 
fronds, 3 boiler tanks 
Concrete, asphalt, 
shingles, metal pipe 

Concrete, scrap metal, 
burned material, metal 

pipe 

Asphalt, brick, clay pipe 

Asphalt, concrete, cable, 
metal pipe 

Asphalt, concrete, rocks 

COMMENTS 

depth of test 
pit 1 4  feet 

Maximum 
depth of test 
pit 1 2  feet 

Maximum 
depth of test 
pi t  12 feet 

Maximum 
depth of test 
pi t  13.5 feet 

Maximum 
depth of test 
pi t  14.5 feet 

Maximum 
depth of test 
pi t  1 0  feet 
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Bullard Wash Channel Improvements 

Contract No. 95-39 

Flood Control District of Marlcopa County 

Construction Time Calculations - 60% Submittal 

Fence Removal 

Pipe Removal 

Conc Ditch Removal 

REMOVAL TOTAL 

USE 

24" RGRCP, Class Ill 

30' RGRCP, Class Ill 

36' RGRCP, Class Ill 

60' RGRCP, Class Ill 

36' Jacking 

16"DDI Culvert 

24' DIP Culvert 

30" DIP Culvert 

48' DIP Culvert 

Concrete Slip Form Irrigation Ditch (1' Bottom) 

PIPEWORK TOTAL 

USE 

Channel Excavation 

Landfill Excavation 

Aggregate Base Course (ABC) 

EARTHWORK TOTAL 

USE 

Slructural Conc 

Reinforcing Steel 

Precast-Prestressed Concrete Members 

30" Drilled Shaft 

CONCRETE WORK 

USE 

300 

250 

200 

30 

300 

650 

500 

2000 

25 

25000 

50 

140 

LFIDay 

LFIDay 

LFlDay 

LFIDay 

LFlDay 

LFIDay 

LFIDay 

LFIDay 

LFIDay 

LFlDay 

CYIDay 

CYIDay 

CYIDay 

CYIDay 

CYIDay 

LFIDay 

LFIDay 

310 

120 

88 

60 

60 

35 

7 

38 

36 

800 

760 

3,000 

100 

150 

LFIDay 

LFIDay 

LFIDay 

LFIDay 

LFIDay 

LFlDay 

LFIDay 

LFlDay 

LFIDay 

LFIDay 

LFIDay 

LFlDay 

CYIDay 

CYlDay 

CYlDay 

CYIDay 

CYIDay 

LFIDay 

LFIDay 

2,250 

665 

550 

355 

191 

25 

232 

65 

436 

800 

60 1 

336 

520 

320,000 

300 

3,800 

5,537 

448,984 

736 

350 

310 

120 

1 94 

155 

130 

33 

38 

36 

725 

630 

2,500 

63 

145 

300 

120 

400 

200 

175 

1 50 

35 

7 

75 

50 

40 

30 

300 

800 

600 

2500 

50 

20000 

50 

150 

4 

1 

2 

2 

1 

1 

7.5 

5.5 

1.4 

26.6 

20.0 

1.8 

1.1 

0.2 

6.6 

10.0 

5.8 

16.0 

15.0 

11.2 

1.7 

69.4 

60.0 

100.0 

0.5 

1.5 

102.0 

100.0 

55.4 

11.2 

14.7 

2.3 

83.6 

80.0 



Bullard Wash Channel Improvements 

Contract No. 95-39 

Flood Control Dlstrlct of Marlcopa County 

Construction Tlme Calculations - 60% Submittal 

Page 2 

36' Drilled Shalt Bridge Foundations 

Steel Reinforcement (Bridge) 

Portland Cement Concrete (Bridge), Class A 

Portland Cement Concrete (Bridge), Class AA 

BRIDGE 

USE 

Grouted Riprap 

Gabion Baskets 

Gabion Matress 

RlPRAPlGABlONS 

USE 

Chain Link Fencing 

3-Wire Fencing 

Access Gates 

Handrail 

FENCING 

USE 

140 

4,000 

25 

25 

75 

1200 

2000 

LFlDay 

LbIDay 

CYlDay 

CYIDay 

CYIDay 

SYIDay 

SYIDay 

LFIDay 

LFIDay 

EalDay 

LFIDay 

62 

80 

163 

260 

4,000 

35 

500 

LFlDay 

LbIDay 

CYJDay 

CYlDay 

CYIDay 

SYlDay 

SYIDay 

LFIDay 

LFIDay 

EaIDay 

LFlDay 

420 

226,050 

170 

940 

1,162 

23,880 

8.320 

6,280 

3,415 

8 

14,065 

69 

730 

3,000 

140 

4,000 

25 

25 

70 

80 

170 

750 

3000 

30 

500 

2 

2 

2 

1 

4 

4 

1 

1 

3.0 

28.3 

3.4 

18.8 

53.5 

60.0 

16.6 

74.6 

12.2 

103.5 

100.0 

8.4 

1.1 

0.3 

28.1 

37.9 

30.0 
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a Mr. Bradford D. Olbert, P.E. 
Sverdrup, Civil, Inc. 

November 22,1997 

432 N. 44th street, Ste. 250 
Phoenix, AZ 85008 

Re: Geotechnical Investigation 
Bullard Wash - Channel 
Contract FCD 95-39 
Goodyear, Arizona 
ATL Job NO. 196020-3 

I Dear Mr. Olbert: 

This report summarizes the results of a geotechnical investigation conducted at the 
proposed Bullard Wash Outfall Channel site, including the East Tributary Channel. The 
purpose of this project is to improve the capacity and re-align the Bullard Wash Channel 
to contain the 100-year flood flows while maintaining a stable channel. Field exploration, 
laboratory tests, and engineering analysis are included, along with boring logs and 
laboratory results. 

ATL drilled a total of twenty-six (26) borings, each to depths of 15 feet below 
existing grade. Five (5) of these borings were drilled at the location of the proposed East 
Tributary Channel and seven (7) were drilled in the landfill area at the end of the 
Goodyear Airport runway. 

The soil encountered at the proposed site consisted of various types of sandy and 
clayey materials. The plasticity' Indices of the materials tested ranged from NP to 15. 
Percent Swell tests revealed a 2% expansion under a 100 psf surcharge for cohesive 
material. The soil resistivity results indicated that the soil along the alignment is potentially 
corrosive. Refer to Appendix B for laboratory test results. 

ATL has appreciated the opportunity to be of service to Sverdrup Civil, Inc. on this 
project and looks folward to a continued association on future projects. Should any 
questions arise, please do not hesitate to contact us at your earliest convenience. 

DPHlbrc 
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SWELL TESTS 



GEOTECHNICAL INVESTIGATION 

!I 
REPORT FOR !I 

i I 

SVERDRUP CIVIL, INC. 

PROJECT 

BULLARD WASH - CHANNEL 

CONTRACT FCD 95-39 

GOODYEAR, ARIZONA 

i i I I I I 
I I / 1.0 PROJECT DESCRIPTION 1 I 

I I I ,  

/ / A s  part of the Bullard Wash Project for the Flood Control District of Maricopa 

' I County (FCD), a new 10,500-foot long channel, approximately six (6) feet in depth, will be 1 constructed. The purpose of this project is to increase the capacity of the Bullard Wash 

1 Channel to contain 100-year flood flows within a stable channel. The channel will begin i I 
I1 
1 I ' )  south of Lower Buckeye Road and east of Estrella Parkway. It will continue under the ,, 
I / 

Santa Fe Railroad, under MC-85 through Broadway Road, over the Buckeye Irrigation ;; 1 District (BID) Canal, under the BID service road through a box culvert, ending at Southern 

, Avenue, east of Estrella Parkway. Also included is the construction of a 2,000-foot long 
I j 

~ A T ~ ~ ~ . c .  !I [ 



Tributary Channel parallel to the Southern Pacific Railroad (SPRR) and MC-85. This 

tributary will drain into the new Bullard Wash Channel and extend eastward to the existing 

Bullard Wash Bridge north of MC-85. 

2.0 LOCATION AND SITE DESCRIPTION 

The project is located in the western Salt River Valley, a broad basin filled with 

alluvium of varying grain sizes. The fill deposits are composed of a Lower Conglomerate 

Unit consisting of cemented sand, gravel, silt, and clay. The fills Upper Alluvial Unit 

consisting primarily of sands and gravels with clay with silt lenses. Groundwater flows 

northwesterly north of Yuma Road and southwesterly, south of Yuma Road. Depths of 

flow range between 40 and 120 feet below land surface. 

3.0 SCOPE OF WORK 

ATL's responsibility was to drill and sample sub-surface material in order to develop 

design data for the outfall channel and the east tributary channel. Soil borings were 

spaced at 500-foot intervals and were drilled to depths of 15 feet below existing grade. 

Soil testing included the determinations of the basic physical properties in order to classify 

the individual soil types along with structural support tests appropriate for developing 

channel design parameters. Resistivity and pH data was also obtained in order to 

evaluate corrosivity potential of the subsoils. 

Field and laboratory data were used in the development of recommendations that 

address the following issues: 

1) Allowable Bearing Capacity and Limiting Settlements 

2) Foundation Recommendations for the Channel. 

3) Grain-Size distribution of Native Materials with the Channel Bed. 

4) Re-use of Native Material. 

5) Lateral Pressures 



I 
4.0 DRILLING AND SAMPLING PROCEDURES I 

1 I 

A total of twenty-six (26) borings were drilled for this portion of the project. Five (5) 
I 

of these borings were drilled on the east tributary channel proposed alignment. Seven (7) 1 
I 

were drilled in the landfill area at the end of the Goodyear Airport runway. All borings 

were drilled to depths of fifteen (15) feet below existing grade. 
/ /  : 

A Mobile B-50 drill rig, using 6-inch outside hollow stem continuous flight augers, I I 
performed the drilling and sampling of the subsurface soils. A 140-pound hammer 

i 
dropping 30-inches was used to drive the split-spoon sampler that collected drive i 

samples. Bulk samples were obtained continuously off the auger flights during the drilling I ! 
operation. I 

Upon completion of each day's drilling, boreholes were backfilled with excess : 

cuttings from the holes. All samples were transported to ATL's Phoenix Laboratory for i 
analysis. Upon delivery to the laboratory, soil samples were checked by the Project 

Engineer and the following laboratory tests assigned: I i 

Sieve Analysis Plasticity Index 

a Swell Test a Moisture Content , j 

pH and Resistivity Standard Proctor 1 

5.0 LABORATORY TESTING 
i I 

Sieve Analysis and Atterberg Limit tests, were conducted on representative i i  
; I  

samples in order to classify the soils in accordance with the Unified Soils Classification I !  
I 

System. Moisture Content tests were performed to determine the amount. of water 

present in the soil at the time of sampling. Standard Proctor tests were performed to 
I i / I 
i I 

determine the maximum dry density and optimum moisture content relationship of each ' 1  
material. The pH and Resistivity Tests were performed to determine the potential I / !I 
corrosivity of soil. In addition, Percent Swell tests were performed to determine the / I  

I ' 
expansion tendencies of the material under various surcharge loads when water is added. / I  

a I 
Consolidation testing was not performed since other repoits addressed that issue. I I 

i I 
I I 

The following table lists the types and quantities of tests performed to provide the / /  
project design information: i ! 



TEST ' QUANTITY 

Sieve Analysis 

Atterberg Limit 

Moisture Content 

Standard Proctor 

Percent Swell 

pH and Resistivity 

All laboratory tests were conducted in accordance with ASTM or AASHTO 

published procedures. The soils presented on the edited boring logs in Appendix A were 

classified using the Unified Soils Classifications System (USCS). . 

I 
I 1 / 6.0 SUMMARY OF EXISTING SUBSURFACE CONDITIONS 

! I  The soiled encountered at the proposed site consisted of a wide range of sandy i I 
I 1 I /  and clayey materials. The clayey materials were classified as CL, CL-ML, and ML and 
!I f 

@ 1; the sandy materials were classified as SM, SP-SM, and SC. Modules of strong j \  
i 1 I I 

I /  cementation was observed in several SM and ML layers. See the detailed boring logs ;; 
I I 

I presented in Appendix A. 
I r i  

1 ;  Minus #200 contents for CL, CL-ML, and ML materials ranged from 52.2% to , 

i I I 

1 ;  94.2%. For the SM, SP-SM, and SC materials, the minus #200 contents ranged from / :  
I 

6.6% to 43.7%. The Plasticity Indices for all soils tested ranged from NP to 15. Standard 1 ,  
I i Proctor analyses were performed on the SM, ML, and CL materials. For the SM material 1 ;  

10 feet below grade in Boring No. 26, the maximum dry density was 118.3 pcf at an i I 

optimum moisture content of 14.1%. For the ML material 11 feet below grade in Boring 'I 
No. 19, the maximum dry density was 1 15.0 pcf at an optimum moisture content of 15.3%. i 

1 
For the CL material 10 feet below grade in Boring No. 11, the maximum dry density was 

I I I 1.3 pcf at an optimum moisture content of 15.7%. 1 Soil resistivity and pH tests were also performed on material used for the above j /  

testing. The soil resistivity results ranged from 520 to 991 ohm/crn3 with pH levels ranging 

from 7.8 to 8.2. Percent Swell tests were performed on CL material from Boring No. 11 
i 
I 

i 
I! 

-4- I i 
i i 

I ,  AT4-, 1.4,. 



and from Boring No. 19: A 2% swell was measured for both borings under a surcharge 

of 100 psf. 

7.0 DISCUSSIONS AND RECOMMENDATIONS 

As indicated in Section 1 .O, the main channel will be 10,500 feet in length with the 

open section approximately six (6) feet deep. In open areas, the channel slopes will be 

protected by either loose riprap, grouted riprap, gabions or shotcrete. Shotcrete and 

grouted riprap should not be required for this project unless the projected velocities are 

high enough to warrant their consideration. The bottom of the channel will be natural 

ground in the open areas. As the channel alignment approaches roadways, the bottom 

will transition to concrete, particularly under a new bridge to allow MC -85 to pass over the 

channel and through an "overchute" structure that will allow the channel water to pass 

over the Buckeye Irrigation District (BID)Canal. After the channel passes over the BID 

Canal, it will pass through box culvert sections under the BID Canal southern service road. 

The concrete bottom will terminate as the channel section is ended at the outfall end of 

the alignment. 
- An "eastern" tributary approximately 2500 feet long, will be constructed north of MC 

85 and south of the Goodyear airport and will outlet into the main channel north of 

proposed MC 85 bridge. The pH and Resistivity tests indicate that the soil is corrosive, 

suggesting that encapsulated metal or concrete pipe should be used to achieve the 

desired life of the system. 

The following sections provide soil analysis in the main channel alignment, the east 

tributary alignment, and the box culvert under the BID Canal service road. The bridge 

structures have been addressed in another report prepared by ATL. 

7.1 Main Channel 

ATL's borings revealed that the subsoil from the northern end of the main channel 

to the MC 85 bridge is generally a silty clay with sand. Strong cementation was observed 

at depths greater than 6 feet below greater, with weak to moderate cementation 

encountered nearer the surface. For acceptability as fill material for roadway widening or 

behind structures, the material between Boring Nos. 12 and 15 appears to be a higher 



quality and is the preferred source for use as a roadway subgrade or structural backfill. ,I 
It is possible that all the material between Boring Nos. 12 and 17 could be mixed and used / / 

I 

throughout the project. Ground water was not encountered in any of these borings. 

As the main channel passes under MC 85 and continues to the BID Canal, a wide 

variance in material types was encountered. Sandy- silty material encountered in 
I 

Boring Nos. 22.25 and 26. The material in Boring Nos. 24 and 27 also contains sufficient 

sand to use in a mix with SP, SM or SC material that could be acceptable subgrade fill. 
I 

Side slopes should be cut no steeperthan 2 H: 1V even though some areas should 

be able to sustain slopes as steep as 1H:lV. Prior to placing slope protection, the i 
I 
j I subgrade should be proof-rolled to a density of no less than 90% of the maximum dry 
ii 
I I 

density as determined by ASTM D 698. In areas where concrete is placed, the subgrade 

must be proof-rolled to a density of no less than 95% of the maximum dry density as 

determined by ASTM D 698 prior to placing no less than 6 inches of aggregate base ,,  
I 

course, compacted to the same specification (See Section 8.0 of this Report). The 

concrete should conform to MAG requirements as re-stated in Section 8.0 of this Report. i 

The transition between a natural bottom and the concrete slab is susceptible to increased ;I  
scour. A tumdowned concrete edge, extending to a depth of at least two (2) feet below :i 
the channel invert is suggested. The depth of this edge should depend on local scour ij 

I I 

calculations. ;I  
! :  
I ' 

j !  
' I 

7.2 Tributary Channel 

The tributary channel alignment was investigated by drilling Boring Nos. 23 through 

27. Within the top 10 feet, the material'exhibited a weak to strong cementation matrix 

I within the silts, sandy silts and clays encountered. No groundwater was encountered by 

moisture generally increased as depth below grade increased. Side slopes should not be 

placed steeper than 2 H:1V and the excavated materials may be re-used elsewhere as 

roadway subgrade or structural backfill. 

The outlet end of this channel will empty into the main channel, north of the 

proposed MC 85 bridge. Compaction of the side slopes and channel bottom should be 

performed in an identical manner as recommended in Section 7.2 for the main channel. 

ATL suggests that the outlet end by constructed of stable material such as shotcrete, or 



portland cement concrete in order to reduce erosion. Energy dissipaters may also be 

required to reduce scour potential. 

During drilling, it was observed that a fill of unknown depth existed near the end of 

a Goodyear runway. ATL drilled seven (7) borings, Nos. 28 through 34, to determine the 

partial nature of the fill and its depth. Fill varied from 6 to 18 feet, averaging 15 feet in 

depth. "Chunksn of asphaltic concrete and portland cement concrete were encountered, 

along with plastic sheets, electrical wire, tree limbs and processed gravel. The fill soil was 

predominately a silty clay. 

7.3 BID Box Culvert 

This box culvert is being constructed in order for the water transported by the 

overchute structure will pass under the southern service road. It is anticipated that the 

box culvert will be constructed prior to the construction of the overchute structure so that 

the service road may be re-routed over the box culvert during construction of the 

overchute. The soil present in the area of the box culvert is represented by Boring Nos. 

21 and 22. The overlying layer is silt, varying in depth from 12 feet to 6 feet over a 

distance of 560 feet. It is anticipated that the foundation for the box will set on the poorly 

grade sand and gravel layer underlying the silt strata. The following foundation 

parameters are provided for this structure: 

Allowable Bearing Capacity - 3500 psf 

Total and Differential Settlement - 1 inch maximum 

Founding Material - Poorly Graded Sand 

Coefficient of Friction - 0.40 

We anticipate that the material excavated for the construction of the box culvert will 

be used to backfill behind the side walls, over which the service road will be constructed. 

ATL does not recommend use of the silt material. The sand and gravel may be used, 

however, and the following equivalent fluid pressures are presented for this material using 

an insitu unit weight of 120 pcf: 

Active - 26 psf 

-. 

At Rest - 43 psf 

Passive - 552 psf 



8.0 GENERAL CONSTRUCTION RECOMMENDATIONS 
I 

8.1 Structural Excavation and Backfill 
i 

Along the channel alignment, a significant amount of material will be excavated. : 
Some of this material is suitable for re-use as compacted subgrade for the reconstruction I I I 
of Estrella Parkway and the portion of MC 85 that lies within the project limits. The silts , 

and clays with minus #200 values exceeding 55% are- acceptable for re-use. I 

The acceptable material should be compacted in layers as specified in Section 8.2 
;I 

and meet the minimum maximum density and optimum moisture content requirements. . 
I 

8.2 Compaction 

MAG Section's 21 1 and 215 should be followed, using either AASHTO T-99 or 
I 

ASTM D698 procedures for obtaining the laboratory proctor maximum dry density and i 

I 
I 

optimum moisture content. This report provides several proctor values but the contractor , 
I I should confirm these during actual construction. For both soils and aggregate base 

I The roadway surface should be six inches of ABC compacted in place as per I 
recommendations of Section 8.0 of this report. 

course materials, compaction should be no less than 95% of the applicable maximum dry 

density at moisture contents within 2% of optimum for the material being tested. One- 

point proctors may be. used to confirm the laboratory values. 
I > 

8.3 Borrow i I 
' ,  

It is not anticipated that imported borrow will be required. If requested, it should 
I I 
1 i 

meet the following requirements for material placed within 2-feet of the base course. I 

j I 
Sieve Size Percent Passinq 

3" 100 

314" 55 - 80 

NO. 4 35 - 60 

NO. 40 5 -20  

No. 200 0 - 1 2  

Plasticity Index s 10 





9.0 ADDITIONAL SERVICES 

It is recommended that the Geotechnical Engineer be retained to provide a general 

review of final design plans and specifications in order to confirm that the 

recommendations from this report have been interpreted correctly and implemented in the 

proper context. In the event that any changes of the proposed project are planned, the 

conclusions and recommendations contained in this report should be reviewed and the 

report modified or supplemented as necessary. 

The Geotechnical Engineer should also be retained to provide testing services 

during excavation, grading, and channel construction phases of the work. Construction 

testing should be performed to determine whether applicable project specifications have 

been met. ATL's staff consists of certified technicians with several years in this business 

and have completed many similar FCD, City of Phoenix, and City of Flagstaff projects over 

the past ten years. 

The analyses and recommendations in this report are based in part upon data 

obtained from the field exploration. The nature and extent of variations beyond the 

location of test borings may not become evident until construction. If variations then 

appear evident, it may be necessary to re-evaluate the recommendations of this report. 

Our professional services were performed using that degree of care and skill 

ordinarily exercised, under similar circumstances, by reputable geotechnical engineers 

practicing in this or similar localities. No warranty, express or implied, is made. We 

prepared the report as an aid in design of the proposed project. The reader of this report 

must draw his own conclusions regarding site conditions and specific construction 

techniques to be used on this project. 

This report is for the exclusive purpose of providing geotechnical engineering 

and/or testing information and recommendations. The scope of services for this project 

does not include, either specifically or by implication, any environmental assessment of 

the site or identification of contaminated or hazardous materials or conditions. If the 

owner is concerned about the potential for such contamination, other studies should be 

undertaken. 
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GUIDELINES IN THE USE AND INTERPRETA TION 

OF THIS GEOTECHNICAL REPORT 

Our professional services were performed, our findings obtained, and our 
recommendations prepared in accordance with generally accepted engineering principles 
and practices. This warranty is in lieu of all other warranties, either expressed or implied. 

The geotechnical repoh was prepared for the use of the Owner in the design of the 
subject facility .and should be made available to potential contractors and/or the 
Contractor for information on factual data only. This report should not be used for 
contractual purposes a s  a warranty of interpreted subsurface conditions such a s  those 
indicated by the interpretive boring and test pit logs, cross sections, or discussion of 
subsurface conditions contained herein. 

The analyses, conclusions and recommendations contained in the report are based on site 
conditions as  they presently exist and assume that the exploratory borings, test  pits, 
and/or probes are representative of the subsurface conditions of the site. If, during 
construction, subsurface conditions are found which are significantly different from those 
observed in the exploratory borings and test pits, or assumed to exist in the excavations, 
w e  should be advised at once s o  that we  can review these conditions and reconsider our 
recommendations where necessary. If there is a substantial lapse of time between the 
submission of this report and the start of work a t  the site, or if conditions have changed 
due to  natural causes or construction operations at or adjacent to the site, this report 
should be reviewed t o  determine the applicability of the conclusions and 
recommendations considering the changed conditions and time lapse. 

The Summary Boring Logs are our opinion of the subsurface conditions revealed by 
periodic sampling of the ground a s  the borings progressed. The soil descriptions and 
interfaces between strata are interpretive and actual changes may be gradual. 

The boring logs and related information depict subsurface conditions only a t  these 
specific locations and a t  the particular time designated on the logs. Soil conditions a t  
other locations may differ from conditions occurring at these boring locations. Also, the 
passage of time may result in a change in ttie soil conditions at these boring locations. 

Groundwater levels often vary seasonally. Groundwater levels reported on the boring 
logs or in the body of the report are factual data only for the dates shown. 

Unanticipated soil conditions are commonly encountered on construction sites and cannot 
be fully anticipated by merely taking soil samples, borings or test pits. Such unexpected 
conditions frequently require that additional expenditures be made to attain a properly 
constructed project. It is recommended that the Owner consider providing a contingency 
fund to  accommodate such potential extra costs. 

This firm cannot be responsible for any deviation from the intent of this report including, 
but not restricted to, any changes to the scheduled time of construction, the nature of 
the project or the specific construction methods or means indicated in this report; nor can 
our firm be responsible for any construction activity on sites other than the specific site 
referred to in this report. 
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SOlL CLASSIFICATION & TERMINOLOGY 

ous or diatomaceous 

sandy clays of high plasticity. 
I 1 

DEFINITIONS OF SOlL FRACTIONS 

SOIL COMPONENT 

1. Relative Density. Terms for description of relative 

density of cohesionless, uncemented sands and sand - 
gravel mixlures, 

' N - Relative Density 

0 - 4  Very loose 
5 -10  Loose 
11 -30 Medium dense 
31 - 50 Dense 
50 Very dense 

2 Relative Consistency. Terms for description of days wit- 

are saturated or near saturation. 

N Relative Consistency - Remarks - 
0 - 4  very son Easily penetrated sevex 

inches with fist 
3 - 4  Soft Easily penetrated sevec 

inches with thumb. 
5 - 8  Medium stiff Can be penetrated s e v z ~  

inches with thumb vnm 
moderate effort 

9 -  15 Stiff Readily indented wicb ~ 2 . -  
but penetrated only WE 
great effort. 

16-30 Verystiff Readily indented wim "L.- 

PARTICLE SIZE RANGE 

nail. 
30 + Hard Indented only with ciffic.;.:! 

Cobbles Above 3 inches 
Gravel 3 inches to No. 4 sieve 

! Coarse gravel. 3 iriches lo 314 inch 
! Fine gravel U4 inch to No. 4 sieve 
i Sand No. 4 sieve to No. 200 

Coarse No. 4 sieve to No. 10 
Medium No. 10 sieve to No. 40 
fine No. 40 sieve to No. 200 

' fines ( silt or clay ) Below No. 200 sieve 

by thumbnail. 

3. Relative Firmness. Terms for description of pardaily 
saturated and /or cemented soils which commonly occ;: .- 
the Southwest including days, cemented granular mata!ir: 
silts and silty and dayey granular soils. 

Relative Firmness 

Very soft 
Soft 
Moderately firm 
Firm 
very firm 
Hard 
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BORING LOGS 



NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A9 Page 1 of 1 

BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

ATL 196020-3 Job NO. 

Boring NO.: 9 

tQg Location: Centerline, Sta 119+57 Boring Equipment: Mobile 8-50 with 6 - Inch diameter 

I Date of Borinq: 9 - 29 - 97 Elevation of Boring: 948.0 - 

hollow stem auger 

Driller: J. C0well LoClCIer: J. Cowell Reviewed Bv: A Osorio 
m 
0 .- - -  "4  I $ 

a = '  , , = I  0 
s I-- 

a. 

5 0 ;  , L 8 2  .;: 
SPI SOIL DESCRIPTION m u  

" "  E S  8 s  a s  
I 

m 
$ 0. 

I Brown, lean CUY(CL), Moist I 
1 I I 1 

I 
I : I I 

I 
I I 

I 
i 

' - Brown, silty CUY(CL-ML) with sand I 

i 
5- 

! 
I 
! 78.3 7 
I 

I 

i 

I 

L- - I 

i Weak cementation - i 
I 

I 
I I I 

I - 
I I 

I i 
I I 
I I 

i 
I 

Brown, lean CLAY(CL), damp I 

I I 
I i I 

I I 
I 

i 
i I 

1 Groundwater : Initial Depth Hour 24 Hour Depth 
Boring Stopped at Ifj Feet below Existing Grade 

None 

i i 

- (Bofforn of boring at 15 feet) 
I 1 

! 

- I I 
I - I I 

I 

I I 
I 

I- I 
I 

I 
I 

20- i 
I - 
I 

I I I 

i- I I I i - 
I i 
I 

I 

r I 

I 

I 

1 
I 

I 

25- I / !  
I - 

I i - 

, 
4 

I 
1 

I 
1 

I 

I 
I 

- 
I i I 





BULLARD WASH - MAIN CHANNEL 

Brown, lean CLAY(CL), Mobt 

Brown, lean CLAY(CL), verymokt 

(BOG of boring at 15 feet) 

. .* 

. .. NOTE: THE ABOVE DATA FOR DESIGN PURFOSES ONLY. A1 1 Page 1 of 1 



Goodyear, Arizona 

SOIL DESCRIPTION 

Cementation increase to strung to mcu'erate 

- Brown, sily CLAY(CLML) with sand, very moist 

(~ottcXn ofboring at 15 feet) 

NOTE: M E  ABOVE DATA FOR DESIGN PURPOSES ONLY. A1 2 Page 1 of 1 



Goodyear, Arizona 

SOIL DESCRIPTION 

S h n g  cemented strata 

(~ott& of boting at 15 feet) 

I 

NOTE: M E  ABOVE DATA FOR DESIGN PURPOSES ONLY. A1 3 Page 1 of 1 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

SOIL DESCRIPTION 

(BottA of boring at 15 feet) 

. NOTE: ME ABOVE DATA FOR DESIGN PURPOSES.ONLY. A14 Page 1 of 1 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

A n  Job No. 
196020-3 

Boring No.: 15 

Location: Channel centerline, Stat i i  86+40 

I Date of Borinq: 9-25-97 - 

Boring Equipment; Mobile B-50 with 6 - Inch diameter 
hollow stem auger 

Elevation of Boring: 941.5 Driller: J. Cowell Logger:J. Cowell Reviewed Bv: A. Osorio 
m 
0 

ea 
a 0  I e d  (3 

~ i l ~ ~ ~ ~ ~  /!.I. 
3 t 3 Q O C l 0  
3'0 0 0'Q 0 
3 : 0  o 0'0 o 
O Q l O O  

a 0 e'o k1 . 0 0 0 0  
>la o o alo 
3 ' 6 ' 0  0 8 8 

I - I  - 1  0) - s f . '  2 ,-a - i L  .t, zI 
a Q  .- 
~0 SOIL DESCRIPTION I % g i  $ 2  . d  , m n  a m m a z  g =  

I 
I Brown, sandy SILT(ML) wifh nodules and strong cementation, damp (Fill) 

I I 

I 

s 
t I 

i I I I 

I I I 
I 

I I 

/ 
I 

f 

I 
I 
I 

I 

i I 
i I 

I 
I 

1 

I 
I 
I 
I 

I I 

I 
I 

1 ! 
i 

I 

I ! 
I I 

I 

I 

I 
I 
I 
I I 

I 
I 

i 
I 

I 

I 

I 

0 0 Increases in nodules penent and size to I" 
I 

I 

i I 

P i B m n ,  sil WD(SM) wifh fine gravel, 33.1 j NP 
I nodules o strong cementation, damp 
I 1 i r- i 

elole 0'0 C 
o : o o e a c  

I 
I 

j 
I 

15 I 
I (Boftm of boring at 15 feet) 

C I 

r I 

! r 
I 

I 

20- I 

L I i 

r ! 
i I 

i- i 

i 25- 
7 I 

I i 
7 

I 

> 

Boring Stopped at 15 Feet below Existing Grade I Groundwater ' 
Initial Depth / Hour 24 Hour Depth 

None 1 
- NOTE: M E  ABOVE DATA FOR DESIGN PURPOSES ONLY. A1 5 Page 1 of 1 

I I i I I 
- I I I 

I 

1 
I- 

, 
I 

I 



Goodyear, Arizona 

(Bottom of Fill at 4 feet) 

. . 

' 1 Brown, lean CL4 Y(CL) with sand, damp 



Goodyear, Arizona 

Brown, silty CLA Y(CL-ML) with sand, damp 

(Bottom of boring at 15 feet) 



BULLARD WASH - MAIN CHANNEL 

Brown, silty CLAY(CL-ML) with sand, Moist 

(Bottch of bo"ng at 15 feet) 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

A n  Job No. 
196020-3 

Boring NO.: 19 

centerfine, Station 5&14 

I Dab of Borina: 9-92-97 - 

Boring Equipment: Mobile B-50 with 6 - Inch diameter 
hollow stem auger 

Elevation of Boring: 915.0 Driller: J. Cowell Loggec J. Cowell Reviewed By: A. ~ s o l i o  
m 
0 z m  
" 2  1 t 

I - I  - - m '  
I c ; j l  .- ' 8  - % " "  ! %;I =: $ N  5 ;  

: g SOIL DESCRIPTION v) 'J 
I I * J  K 2 g  s =  

s a 

Brown, SILT(ML) with sand, Moist i 79.7 3 

I I 

I 

I 

I 

I  

I - I 
I I 

I 

I I  

I 

I 

i 

I  

I ! 

I 

I 
I 
I 
, 

I 

I 

I I 
I 
I 

I 
i 

I 

I 
I 

i 
I 
I 

Brown, sit& WD(SM), Moist with nodules of sttung cementation, Moist 

I 

@ J 

t 

I- 
(Bottrm of bohg at 15 feet) I 

I 

r i 
I 
L 

I I 
C 

I 
I 

I 
I 

20- I 
I I r I 

I 
r 
I 

I- I 
L 

I 
I I 
I I 25 - 
I I 
i 

- : 
I 

C I I I 

P 
I 

I I 
I I 

Boring Stopped at 2 Feet below Existing Grade 

I 
I 

Groundwater , Initial Depth I Hour 24 Hour Depth 

I None I 
NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A1 9 Page 1 of 1 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

A n  Job No. 
196020-3 

Bon'ng N0.:20 

g Location: Channel centerfine, Station 36+71 

I Dateof Borina: 9-22-97 - 

Boring Equipment: Mobile B50 with 6 - Inch diameter 
hollow stem auger 

Elevation of Boring: 912.5 Driller: J. &we// LoggerJ. CoweIl Reviewed Bv: A. Osonb 
m 
0 

I 
= = I  ( + E l  L g ;  m G  = !  - g g  x = 

a 0  

( 2 '  

I 

I 

I 

a a ,  Z N  2 ;  
g p  SOIL DESCRIPTION 1 m P l  2 ;  I,YT 

I m j  m > ' % =  C 1 6  

Brown, silty CLAY(CLML), Moist 

+ 

i 

r I- 
I 
I 

5- 

r 
Btvwn, SILT(ML) with sand, very moist 

I 

I ! 
i I 

I 

I 
i ! 

I 

I 

I 
I I 
I 
1 83.0 6 
i 

' I  I 
' I  I I I 

i 
, 
I 

! I 
I I 
I I 
I I 

I 
I I 

I 
1 

I I 
I 

i 
I 
I 

! i i i 
I 

i 
I 

I 
I 

I I 
I 

I 
I 

I 

I 

i 
j i  
j I 
I I 
8 

I 

i 
I I 
I 
I 
i I 
I I 
I 

I 

i 
I 
I 

I ! I 

! i 

I 

I I 

I 
I 
I (Bottm of boring at 15 feet) 

1 I 
L 
I 
I 
r 
I 

20- 
L 

I 
L 

1 I 25- 

- 
I 

r 

Boring Stopped at 15 Feet below Existing Gmde 
I 

Groundwater ' Initial Depth 1 Hour '24 Hour Depth 

I I None 1 
NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A20 Page 1 of 1 





BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

A n  Job No. 
196020-3 

'c, Bonhg N0.:22 

Boring Equipment: Hand dug Location: Centerline at Station 20+10 

I Dateof - Boring: 9-30-97 
m 
0 

= m  a o  I z J  
(3 

I- ......... ........ ......... ........ ........ ........ ........ ........ ......... ........ ......... 

I 

I 

I 

I 

I 

I 
! 

I 

Elevation of Boring: 902.0 Driller: J. Cowell LosgecJ. Cowell Rwiewed Bv: A. Osorio 

( Groundwater 1 Initial ~ e p t h  Boring Stopped at 6 Feet below Existing Grade 
I None I 

I 
= = I  
;gl SOIL DESCRIPTION 

' I  Brown, SILT(ML), damp 

r 

Hour ; 24 Hour Depth 

- - 
I- - 
‘L; 
m q  

m 

: 5 -- 

NOTE: ME ABOVE DATA FOR DESIGN PURPOSES ONLY. A22 Page 1 of I 

- . I  m - 
5 3  m 3  - Z N ;  ' 8  1 = 2 2  % 

,-,-s I a d B  
P ,  S S  

m i s  I ' L  

i I !  i 

l i  
I I !  1 6.6 ! NP 

I 

I 
I 

I  - 
(Boftcxn of boring at 6 feet) - 

- I 
Gray, Raw gtaded WD(SPSM) wiL9 sift and gravel 

I i 
I 
I I 
I 

i I 

I I 

I 
'O 1 I 

I 
I I r- 
i - 

C 
15 1 1 I 

I I 

2oT 
F 

25- 

F i 
t 
t 

I 
1 1  

I 

I 

I ! 
I 
I 

I 

I I 
I I 

I 
I 

I 

1 I 
I 

I 1 1  
I 

I i  I 
! I I 

I i 
I 
I 

I 
I 

I 
i I 

I I 
I 

I I 

I j 
I 

I 
I 

I I 

I 
I 

! 





Goodyear, Arizona 

(Bottcm of bohg at 15 h t )  

Boring Stopped at 3 Feet below Existing Grade / Groundwater 1 Initial Depth / Hour I 24 Hour Depth 

I None 
N O E  M E  ABOVE DATA FOR DESIGN PURPOSES ONLY. A24 Page 1 of 1 





A n  Job No. BULLARD WASH - EAST TRIBUTARY CHANNEL 1gazG3 

Goodyear, Arizona s~ring No.:26 
I I 

Location: Channel centerline - Station 20+00 Boring Equipment: Mobile 840 with 6" diameter 
(35 feet North of Soutfi ai~port fence) hollow stem auger 

SOIL DESCRIPTION 

I 
I 
I 
I - 
I 

I 
I 

Gray-tan, gravelly SAND(SP), MoBt 

I 

I 
I 

(Bottcm of boring at 15 feet) 
i 
I 

I 
i 
i 

I 
! 

! 

Boring Stopped at 2 Feet below Existing Grade 

Reviewed Bv: A. Osonb 

Hour .24 Hour De~th 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A26 Page 1 of 1 



Moisfure increases to moist 





' I I hollow stem auger I 

BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

ATL Job No. 
196020-3 

Boring No.:29 

0 feet Right (East) , Channel Station 78+20 Boring Equipment: Mobile 6-50 with 6" diameter I 

Date of Borinq: 10/14/97 - 
([I 
0 

m  
a 0  
Z - J  
(3 

o o o o o  
9 0 0 3 0  

a ' o o o ' a  0 

Elevation of Boring: 938.0 Driller: J. Cowell Loggec J. Cowell Reviewed BY: A. Osono 
I I m '  

= = I  I- - ZI 
a a i  LZg @ .g2 .EW 5 -  .- gg - 0 

SOIL DESCRIPTION a s  m d  
I 
I m ; z ,  f" 

Light brown, silty CL4 Y(CL-ML), damp 
I 

I I I 

C I I 

I 
Light brown, silty CLA Y(CL-ML), t with gravel and small pieces of broken concrete from I 

2' to 5' below grade i 

I I I I 

( R o w o f  at 6 feet ) 
I 
I Light brown, silty SAND(SM), with nodules of strong cementation i 1 

0 0 0 0 0  
s 0 o10 0 r 

J 0  B J'U n 
3 : s  o O'Q'O 

0 0 0 0 0  r 
I 

, 
I 

o  o n13 a r i i 3'0 0 .3 3 I2 
$ o o a a a  
3 0 0 0 3 0  
0 0 0 o10 
' 0 0 3 a a  

i I I 

I I 
I 

I I i i 
15 , I 

(Bottom of boring at 15 feet) 
i- 

I I 

! I 
I i 
I I 
I I 
! 
I 

I 
I 
I 

i 
1 

\ 

I 

I 
I I 
I I 

I I I 

t 
I 

I 
I 

I I 

2 5 1  1 
I 
k 

, I 

I I 
i , 

I 
4 

C I 
I 

I 
I 4 

Groundwater Initial Depth Hour 24 Hour Depth 1 Boring Stopped at 2 Feet below Existing Grade 
None I 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A29 Page 1 of 1 



Goodyear, Arizona 

hollow stem auger 

Light brown, silty CLA Y(CL-ML), damp 
with broken asphaltic concrete from 1' to 3 X' below grade 

(Bottom of fill at 9 feet j 1 Light brown, silty CLA Y(CL-ML) with sand, damp 

Increase in moisture to moist 

(Bottom of boring at 15 feet) 



BULLARD WASH - MAIN CHANNEL 
' Goodyear, Arizona 

ATL 196020-3 Job NO. 

Boring  NO.:^ 1 

annel centerline Station 79+20 

Date of Borina: 10/14/97 - 

Boring Equipment: Mobile 8-50 with 6" diameter 
hollow stem auger 

m 
0 z0, 
p o  
e J  

C3 

Elevation of Boring: 937.0 Driller: J. Cowell Lossell J. Cowell Reviewed Bv: A. Osorfo 
I i I 0 , '  o,=l  21 

I , -  1 . c g  = 
Pa' : a 3 ,  .53 $ m  2 2  a"g SOIL DESCRIPTION V) '0 1 = =  zp 2 5  

1 m m I $ 4  a 

E 
tight brown, silty CLA Y(CL-ML), damp 1 i 

i I 

Light brown, silty CLAY(CL-ML) I I 

. with gravel and black plastic sheeting from 1' to 3 %' below grade i 
L I I I 1 
i I 

5- I 

(R-1 at 6 ,&&) 
I 

0 0 J O O c .  I 
s1e'o o'e'c Light brown, silty SAND(SM), Moist I 

I 

I 
I 

e a o a  I 

3 rJ 0 0 O'C. r I I 
I I 

I 
I 

I 
i 
I 

I I 

i , 
I 0 O O O O C  

0 : )  0 O,O,C 

I .  

I 

I 

I 

I 

i 
I l5 

t (Bottom of boring at 15 feet) 
I I i 

I I 
I 

I- I I 
C I I 

I C , 

I 

I 
I 20- I I 

I I  

I I i 
I / 

C I I  
I I 

I 1 
25- 

I- 
! 
i 

I I I 

i- 
/ ! 

I I 

I 
I 

h I 

I ( Groundwater Initial Depth ; Hour 24 Hour Depth Bonng Stopped at Feet below Existing Grade 
None i I 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A3 1 Paae 1 of 1 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

A n  196020-3 Job NO. 

Boring No.: 32 

. tng Location: 50 feet East centerfine of Station 79+20 

Date of Borinq: 10/1#/97 - 

Boring Equipment: Mobile 8-50 with 6" diameter 
hollow stem auger 

Elevation of Boring: 937.5 Driller: J. Cowell Lower: J. Cowell Reviewed Bv: A Osorio 
m 
0 z a  
"4  E 

0,s I c t: o, X . E 8  = 
3: $ N  8 1  
a k SOIL DESCRIPTION E; g p  .. u13 

I m i S E -  
l 
I Light brown, silty CLAY(CL-ML), damp - I 

I I tight brown, silty CLA Y(CL-ML) 
with broken concrete from 1' to 3 X' below grade i 

I 
I 

i 
I 

I 

I 

I 

I 

I 
I 

1 

I 

I .  

I 

I 

I 

I 

I. 

(Bottom of boring at 15 feet) 
i c I 

L I 
I 
I 

I- 
I 

I 
I I 

2oT 
I 
I I 
I 
I I r I 

I 
L 
I I 
I I 

25- 
I 

i 
I - 

! 
I 
I 

C 

! 
I 
k 
I ! 
r I 

I 

I I 

I Groundwater lnltial Depth / Hour 24 Hour Depth I Boring Stopped at 3 Feet below Existing Grade 
I None 1 

. NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A32 Page I of 1 



BULLARD WASH - MAIN CHANNEL 
- Goodyear, Arizona 

ATL Job No. 
196020-3 

Boring NO.: 33 

.lg Location: Channel centerline at Station 80M0 

Date of Borinq: f0/74/97 Elevation of Boring: 938.00 - 

Boring Equipment: Mobile 8-50 with 6" diameter 
hollow stem auger 

Driller: J. Cowell Logger: J. Cowell Reviewed Bv: A. Osorio 
8 
p o  I g d  

1 1 1 1 1  

r = /  ; r 3  5: 0, X 
a'=' ; k t  rn" .s 3 - 2 ac, -$ : .= 

SOIL DESCRIPTION IJl u " 2  LYE a p  
I I m 

I I , $ h- 
i tight brown, silty cu Y(CL-ML), damp I 

I 
8 

i 
I I 

tight brown, silty CLA Y(CL-ML) I f 
with broken concrete and piece of electrical wire from 2' to 6' below grade1 ; 

I I 
I ! I 

I 
I 

(Bottom of 
I I 

fill at 6 feet) 1 tight brown, silty CLAY(CL-ML), moist 

I 

I 

i c ' -  I I 

I 

I ,  
- 

I 

I .  

I 

I 

I 

I 

1. -, 

r i 
I 

I 

i 1 
I I 

l 5  C I 

(Bottom of boring at 15 feet) 
I 

I- I I 

I I I I 

F I I 
I I 

20- I I 

I i I 

I 1 i I 1 1 I 1 1 

C I 

I I 

I 
I 

I t 

25- C I 

I 

I- 
, 
I 

I 
I 
I 

I I- I r 
i 

I 

i I 

ln~tial Depth ; Hour 24 Hour Depth I Boring Stopped at 2 Feet below Existing Grade 
None I 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A33 Page 1 of 1 



BULLARD WASH - MAIN CHANNEL 
Goodyear, Arizona 

An. 196020-3 Job NO. 

Boring NO.: 34 

.ng Location: 50 feet East Channel centerline at Station 80+00 

Date of Borinq: 10/14/97 Elevation of Boring: 938.5 - 

Boring Equipment: Mobile 6-50 with 6" diameter 
hollow stem auger 

Driller: J. Cowell Logger: J. Cowell Reviewed Bv: A. Osorio 
m 
0 
z m  n 0 

C3 e J  
I I ;Y g z /  '"3 g g  

SOIL DESCRIPTION 
0.3 . G 3  s g l  "'0 a U) u 

I 
" i  &Jg s =  

s 0. 

(Fill) tight brown, silty CLAY(CL-ML), damp I 

with broken concrete and pieces of tire limbs from 0 to 6'below grade I 
I 
I 

i 1 

I 
I 

(Bottom of Fill at 6 feet) 
tight brown, silty CLA Y(CL-ML), damp 

with trace Of gravel 

5 
I. lo, 

I 

I 

I 
I I I 

I 

I 

I * 

I 

I 

I 

15 I I 

I 
I 
I 

(Bottom of boring at 15 feet) - i ! 
- 

- I I 
i 

- I 1 
I I 

1 2ol 1 I i I I I 1 I 

t I I I 
2 5 1  i 

I 

I 
I I I 

I I 

I 
i 

1 Initial Depth 1 Hour 1 24 Hour Depth 

1 Groundwater ( Boring Stopped at 3 Feet below Existing Grade 
I I 

None 
. NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A34 Page 1 of 1 



A P P E N D f X  B 

LABORA TORY TEST RESULTS 



SUMMARY OF LABORATORY ANALYSIS 

CLIENT: SVERDRUP CIVIL. INC. DATE: 1111 8197 

I 
PROJECT: BULLARD WASH -CHANNEL 

LOCATION: GOODYEAR. ARIZONA 

MATERIAL: See Below SAMPLING DATE: 09/25/97 

REQUESTED BY: David Hayes ATL JOB NO: 196020-3 . 



Project Number = 196020-3 Client: .Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
Date = 10/4/97 
Tested By = D. Johnson 

ing Number = 9 
q t h  = 3' - 9' 
Sample Number = 97-0794 
Description = Brown, silty CLAY(CL-ML) with sand 
Dry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
NUMBER 

, 4 I I 

! ,  ; 1 : , 1 1 1 1  I I I 

l i l l  I f . I 1 1 1  1  I I I I 1 1 1 1 ,  I I I 

I 1 1 1  1  I I I I 1 1 1  1 I I I I 1 ; :  : :  I I I I I l l 1  I I I I i l l  , I  I I I 

I 1 1 1 1  I I I I I 1 1 1 1  I I I I I 1 1  1  I I I i 1 ; ; ; ; ;  ; I 1 1 1  1 1  I I I I I 1 1 1  1 1  I I I 1 1 1  1  I I I I 

I l l I 1 ' I  I I 1 1 1 1  I I I I I I l l  I I i 1  I I 1 1 :  1 1  I I I 

I 1 1 1 1  I I I I 1 1 1  1 1  . I I 1 1 1  1  I I I I ! 
i l i l  I I I I 1 1 1 1  1  I I I I 1 1  1 1 - 1  1 I I 1 1 1 1  I I I I - ... 1 , 1 1 1 :  I 1  1 1 1 1  I I I I I 1 1 1  1 I I I I I 1 1 1 1 1  I I I 

1 1 l t l  8 1  1 1 1 1  I 1  I I I 1 1 1 1  I I I I 0:1 1 1 1 1 1  I I I I 

100. 10. 1. 0.1 0.01 

SIEVE 
OPENING 
(mm) 

Grain Size (mm) 

- - - - - - + - - - - - - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - -  + 
3/4" 119.050 '0.00 10.00. 10.00 '100.00 1 I..::: 112.700 10.00 I 0.00 '0.00 / ~ o ~ . o o  1 

RETAINED 
WEIGHT 

(g) 

9.500 0.00 10.00 10.00 1100.00 I 

PERCENT OF 
WEIGHT 
RETAINED 

1/4" 6.350 10.00 1.00 11.00 199.00 1 
#4 14.750 10.00 10.00 11.00 199.00 , 1 
#8 12.360 0.00 ' 0.00 11.00 199.00 1 
#lo f2.000 Il0.00 I1 00 1.2. 00 198.00 1 
#16 11.180 10.00 /0:00 12.00 198.00 1 
#30 10.600 120.00 12.00 4.00 196.00 1 
#4 0 10.00 ,1.00 '5.00 195.00 ' 
#50 : 120.00 12.00 17.00 193.00 / 
#lo0 10.150 150.00 15.00 112.00 188.00 1 
#200 10.075 1100.00 110.00 122.00 178.00 1 

10.000 10.00 10.00 122.00 178.00 1 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % )  





Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
3ate = 10/9/97 
rested By = M. Blalock 

ng Number = 11 
= 5 '  - 10' 

:ample Number = 97-0812 
Description = Brown, lean CLAY (CL) 
Dry Sample Weight (9) = 1000 

Sieve Analysis 

1 1 1  1  I I 

I l l  I I I 
I 1 1  1 I I 

1 1 1  1 1  I 

I l l  I l I 

. - - 1 - I - I - C  4 -  
1 1 1 1  1  I 

1 1 1 1  I I 

1 1 1 1  1 1  

1 1 1  1  I I 

SIEVE 
YUMBER 

Grain Size (mm) 

- - - - - -+ - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - -  + 
#50 0.300 10.00 0.00. 10.00 100.00 I 
#lo0 10.150 120.00 l2.00 12.00 
#200 10.075 140.00 14.00 16.00 194.00 1 
Pan 10.000 10.00 10.00 16.00 194.00 1 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % )  

PERCENT OF 
WEIGHT 
RETAINED 

SIEVE 
OPENING 
(mm) 

RETAINED 
WEIGHT 

(9) 



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
)ate = 10/4/97 . . 

By = D. Johnson 
ing Number = 12 

- ,th = 2' - 10' 
sample Number = 97-0814 
Description = Tan, Clayey SAND(SC) 
9ry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
SIUMBER 

1 1 1 1  I I I I I 1 1 1 1 I  I I I 

1 1 1 1  I i I I I 1 1 1  I 1  I I I 
I , ' l  I I I I 1 1 1  1 1  1 ! I I 1 1 1 1  1  I I I 

1 1 1 1  I I I I 1 1 1  1  I I I 4 

I 1 1 1  1 ,  I I 1 1 1  1  I I I I 

1 1 1 1 :  1 -  I 1 1 1 1  1 . 1  I I 1 1 1  1  I I I I 
1 1 1 1 1  I 1 1 ~ 1 1 1 1  I I I I I l l 1 1  I I I 

1 1 1 1 l I  I I I 1 1 1  1 1  I I I 

1 , 1 1 1  I I I 1 1 1  1  I I I I 

I J I I I  I I I 1 1 1  1  I I I I 
I I J I  I I I I 1 1 1 1 1  I I I 

I I , I l  I 1  1 1 1  1  I t I I I 
I 1 1 1 1  I I I I 1 1  1 1  I I I I 
I I I I  I : I I 1 1 1  1  I I I I 
I I I I I  I I I 1 1 1  1 1  I I I I 

1 1 1 1  I I : I 

1 1 1  1  I I 4 I 

1 I 1 1 I  I I I 1 1 1  I I I I I I I 1 1 l 1 1  I I 1 1 , l  I I . I 

1 1 1 I I  I I I 1 1 1  1  I I I I I 1 1 1  I 1  I I 1 1 1 1 I  I I I 
, : , I ,  , I I 1 1 0  1 1  I I I I 1 1 0  1  I I I I I , 1 1 1 1  I I I 
1 1 1 4  I 1  , I 1 1 1 1  I I I I I J I B  I I I , I 1 1 1 1 1  I I 4 

, 1 1 1  I : I I 1 1 1 1  I I I I I 1 1 1 1  1  I I I 1  1 1 1  1 1  I I I 

t I O I  I I I 1 1 , 1 1  I I I I 1 1 1 1  I I I 1 I 1 1 1 1  I I I I 

1 1 1 1 I  I I I 1 1 1  1  I I I I I 1 1 1  1  I I . I I I l l  1  I I I I 
, I l l 1  I I I 1 1 1  1  / I I I I I 1 1  1 1  I I I I 1 1 1 1 1  1 1  I 
( I  I J I I '  I I 1 1 1  1  I I I I I I l l 1  I I I I I 1 1 1 1 1  I 1  1  

- L C - 4 - C - L - - I - - - A - - - - - - l A - l - l - L - l - - l - - 4 - - - C  - - - - -  C L * * - I - 4 - 4 - - L - - - l - - - - - - l - l - l - C 4 - C - C - 4 - - - - - - - - - -  

1 , : 1 1  I t  I 1 1 1  1  I I I I I I l l  I I I I I I 1 1 1  1 1  I I I 
1 I I I I . l  I I I l l  1 1  I I I I 1 1 1  1  I I I 1  I I l l  I I I I I I 
1 1  1 . 1  1  I I I l l t  1  I t  I L  I 4 1 1 1  1  L  . I I 1 1 1 1 1  I I b 

I l l 1 1  I I I 1 1 1 1  I I I I I 1 1 1 1 1  I I I I 1 1 1 1 1  I I I 

1 1 1 1  I I I I 1 1 1  1  I I I 1  I 1 1 1 1 - 1  1  I I I 1 1 1  1  I I I I 
1 1 1 I l  I I I 1 1 1  I 1  1  1  1  I I I I I I  I I I I 1 1 1  1 1  I 1 I 

I I I I I  I I I 1 4 1 1 1  I I I I 1 1 1 1  1 I I I I 1 1 1 1  1  I I I 

1 1 1 1  I I I 4 1 1 1  1  I I I I I I l l  1  I I 4 I 1 1 1 1  1 1  I , 
I , : ,  I I I I 1 1 ,  I I I I 1 I I 1 1  1  I I . I I l l l l l  1  l 

Grain Size (mm) 

- - - - - -+ - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - -  + 
1 1/2"138.100 10.00 ' 0.00 10.00 Il00.00 1 
1" 125.700 130.00 13.00 13.00 197.00 1 
3/4" 19.050 110.00 '1.00 '4.00 196.00 1 
1/2' ,12.700 '40.00 14-00 18.00 192.00 1 
3/8" 19.500 130.00 13.00 '11.00 189.00 
1/4" '6.350 150.00 15.00 116.00 184.00 / 
#4 4.750 130.00 13.00 119.00 181.00 I 
#8 12.360 170.00 17.00 '26.00 174.00 1 
#10 12.000 120.00 12.00 128.00 172.00 ' 
#16 (1.180 170.00 17.00 135.00 165.00 1 
#30 10.600 160.00 16.00 141.00 159.00 I 
#40 10.425 130.00 13.00 144.00 156.00 
#SO 10.300 120.00 12.00 146.00 '54.00 1 

10.150 150.00 15.00 151.00 149.00 1 @ 10.075 170.00 17.00 158.00 1.42.00 1 
. L 10.000 10.00 10.00 158.00 142.00 1 

SIEVE 
OPENING 
(mm) 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 

RETAINED 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % I  



, Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 

' late = 10/4/97 . . 
rested By = D. Johnson 

ng Number = 13 
= 2 1/21 - 11' 

Sample   umber = 97-0815 
Description = Light brown, Sandy lean CLAY(CL) 
r3ry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
. W B E R  

I ! ) ' ,  I I I I 1 1  1  I I 1  I I 1 1 1  I !  I I I I 
I I 'a ; : :  : I I I I I  I I I l l  1  I I I I I I I I I  4 i 1  

1 1 4 1 ,  I I I I l l  I I I I I I I t 1  I : I I 1  I 1  I I I 

I I : I 1 1 1 1  I I I I , 1 1 1  I 1  1 / I I 1 1 1 1  1  I I I 

I l l i l l  I I 1 1 1 1  1  I I I I I l l  7 : I I I I 1 1 1  1  I I I . 
1 1 1 1 , t  I I 1 1 1  1  I : I I I l l : ,  I ! I 1 : 1  I 1  I 1  

I , , , ,  I I I 1 1 1 1  1  I I I I , , .  . ! I I I I I I  I I . 
I I , I  I I I I 1 1 1  I 1  1  I I I 1 1 1 1 1 : 1  I I I l l  1 1  I I ' 

, .  . . - L L l L - L - L - - I - - - I  - - - - -  J - l _ I - I - L - 1 - - I - - J - - - 4  - - - - - - -  - - - - . - - - A - - L - - - :  - - - - - -  1 - I - I - L A - L - L  - - -  
I I I I I  I I I 1 1 1 1  1  I I I ! I l l "  ! I ,  1 ~ 1 1 1  I I i 

1 1 1 1 I  I t 1 1 1  I 1  I I I I I l l  i ' , ' I I 1 1 1  1  I I I I 

I l l  I I I I 1 1 1  1  I 1  1  I I ! !  : : I 1 1 1  I 1  1  I 2 

1 1 1 1 I  I I I I l l 1  I I I I I ! ,  I .  , I .I 1 1 1  1  I I I I 

, , , I ,  t I ! ( I ! !  1 1  I I I , , .  8 4 , I l l  I ,  I I i 

I # , , ,  0 I I 1 1 1  1  I I I I I : s I 1 1 1 1 I  1  I I 

I I 4 l l ,  l I I l l 1  I I I I I , O I I  I . I l I l l 1  I I . ! 
l t 1 . I  I 1  ) 1 1 1 1  1 1  I I I ! I  I : ! I , # I  I I I 1  

I I I I I  I I I 1 1 1 1  I I I I ! I t  I 4 I I 1 1 1  1  I 1  I I 

- C L - - I - A - - - - I - - - A - - - - - - l - 4 - l - & - l - - l - - A  - - - - - - - - -  4 - - - - I - A - - - - i  - - - . - - - - - -  t - o - , - b ~ - - - b - d  - - - - - - - - - -  
1 1 1  1  I. I I I 1 1 1 l 1  I I I I l l  i : . . 1  1 1 1 1  I I I I 

1 4  :1 I I , I l l  I I I I I 1 I !  ' ; I I l l  I I I I 1 

1 1 1 1 1  f I I I l l  I I I I I I 1  I I ' I I 1 1 1  1 1  I I . 
I I I I  I I I I I I I I  I I I I I I , . - i  3 I 1 1 1 1 1  I I . 
I I I 1 1 1  1 1  I I I , ; !  c .  , ( I  I I i l l l  I I : 
\ ( J J l  i 1  i 1 1 1 1  1  I I I 1 ,  1 ' . 1 I 0 1 )  I I I ' 
I , . . !  I . I 1 1 l 1 1  1  I t I l l .  . . , 1 4 1  1 1  I I . 
1 1  4 8 I 1 1 1 1  I I I I ( 0 ,  . I ! : I  I I I I 
I .  : I .  I 4 1 1 1  I I I I ! I : .  ' , ! , I  I ! I : 

Grain Size (mm) 

- - - - - - + - - - - - - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - -  - -+  
I " 125.400 10.00 10.00. 10.00 fl00.00 1 
3/41' 119.050 120.00 12.00 12.00 198.00 ) 
1/2" 112.700 '20.00 12.00 14-00 196.00 1 
3/8' 9.500 I20.00 12.00 16.00 194.00 1 
1/4' 16.350 140.00 14.00 Il0.00 190.00 1 
#4 14.750 130.00 13.00 113.00 187.00 f 
#8 '2.360 130.00 13.00 (16.00 184.00 1 
#10 /2.000 ~20.00 '2.00 118.00 f82.00 
#16 11.180 160.00 16.00 124.00 176.00 1 
#30 10.600 150.00 15.00 129.00 171.00 1 
#40 10.425 120.00 12.00 131.00 169.00 f 
#50 10.300 130.00 13.00 134.00 166.00 1 
#lo0 10.150 I50.00 15.00 139.00 161.00 1 

SIEVE 
OPENING 
(mm) 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 
RETAINED 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % )  



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
)ate = 10/4/97 . . 

By = D. Johnson 
ng Number = 14 

= 0' - 8' 
Sample Number = 97-0795 
Description = Brown, lean CLAY (CL) with sand 
gry Sample Weight (g) = 1000 

Sieve Analysis 
n n 

SIEVE 
KTMBER 

Grain Size (mm) 

SIEVE 
OPENING 
(mm) 

- - - - - -+ - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - -  + 
1" '25.400 10.00 10.00. 10.00 100.00 ) 
3/41' 119.050 10.00 '0. 00 10.00 ~100.00 1 
1/2" 12.700 10.00 l0.00 0.00 1100.00 1 

RETAINED 
WEIGHT 

(9) 

3/8" 
1/4' 
#4 
#8 

9.500 10.00 Il.00 11.00 '99.00 1 
6.350 i0.00 0.00 11.00 99.00 1 
4.750 110.00 11.00 12.00 198.00 1 
2.360 110.00 11.00 13.00 '97.00 1 

PERCENT OF 
WEIGHT 

RETAINED 

#10 12.000 '10.00 11.00 14.00 196.00 1 
#16 11.180 /10.00 11.00 15.00 195.00 1 
#30 10.600 120.00 12.00 17.00 193.00 1 
#40 '0.425 120.00 19.00 191.00 1 
#50 '0.300 120.00 111.00 189.00 1 
#I00 10.150 150.00 15.00 116.00 184.00 1 

'0.075 170.00 17.00 
@O 10.000 0.00 

'23.00 177.00 1 
10.00 123.00 1.77.00 1 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( %  



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
3ate = 10/1/97 
rested By = D. Johnson 

ing Number = 15 
*th = 2' - 15' 
sample Number = 97-0798 
Description = Brown, silty SAND(SM) 
Dry Sample Weight (g) = 1000 

SIEVE 
W B E R  

Pan 
Sieve Analysis 

SIEVE 
OPENING 

(mm) 

100. 10. 1. 

Grain Size (mm) 

- - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - -  + 
50.800 10.00 l0.00. ( 0.00 Il00.00 1 
38.100 110.00 11.00 11.00 199.00 1 
25.400 10.00 0.00 11.00 199.00 1 
19.050 l0.00 10.00 11.00 199 .00  
12.700 120.00 ,2.00 3.00 197.00 1 , 
9.500 (10.00 '1.00 14.00 196.00 I 
6.350 130.00 13.00 ,7.00 193.00 1 , 
4.750 110.00 11.00 18.00 192.00 1 
2.360 140.00 14.00 112.00 188.00 
2.000 '0.00 10.00 112.00 188.00 I 
1.180 140.00 14.00 116.00 184.00 1 
0.600 150.00 15.00 (21.00 179.00 1 
0.425 160.00 16.00 127.00 173.00 1 
0.300 1100.00 110.00 137.00 163.00 1 
0.150 1200.00 120.00 157.00 1.43. 00 1 
0.075 1100.00 110.00 167.00 133.00 1 
0.000 10.00 10.00 167.00 133.00 1 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 
RETAINED 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % I  





Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
Date = 10/1/97 . . 

By = D. Johnson 
ing Number = 17 

- ~ t h  = 0 - 8' 
sample Number = 97-0800 
Description = Brown, silty CLAY(CL-ML) with sand 
Dry Sample Weight (g) = 1000 

Sieve Analysis 

I I I I I  I I I 1 1 1 1  I I I I I 
1 1 1 1 1  I I I I l l  I I I I I I 
i l l  I I I I I I l l  I I I I I I 

I I I I I  I  I I 1 1 1  I I I I I I 

SIEVE 
NUMBER 

Grain Size (mm) 

- - - - - - + - - - - - - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - -  + 
1" 125.400 '0.00 (0.00. (0.00 1100.00 
3/4' 119.050 llO.OO l1.00 l1.00 199.00 1 
1/2" 112.700 120.00 12.00 3.00 197.00 / 
3/8" 9.500 10.00 10.00 3.00 197.00 1 
1/41' 16.350 110.00 i1.00 196.00 [ 
#4  14.750 ~10.00 1.00 195.00 I 
#8 12.360 110.00 11.00 16.00 194.00 1 
#10 12.000 110.00 11.00 17.00 193.00 1 
#16 11.180 110.00 11.00 18-00 192.00 1 
#30 10.600 120.00 12.00 110.00 190.00 1 
#40 '0.425 120.00 12.00 112.00 188.00 1 
#SO 10.300 130.00 13.00 ll5.00 185.00 1 
#lo0 10.150 150.00 15.00 (20.00 180.00 1 

'0.075 180.00 18.00 
f13O /o.ooo 10.00 

128.00 172.00 
10.00 128.00 172.00 1 

PERCENT OF 
WEIGHT 
RETAINED 

SIEVE 
OPENING 
(mm) 

RETAINED 
WEIGHT 

(9) 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 





Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
Date = 9/29/97 
T ted By = M. Blalock 

ing Number = 19 
#th = 0 - 11' 
Sample Number = 97-0779 
Description = Brown, SILT (ML) with sand 
Dry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
NUMBER 

1 1 1 1 t  I I , 1 1 1  1  I I I I , I I I I I  I . I 1 1 1 1 1  I I I 

1 1 1 1 I  I I I 1 1 1  1  I I I I I 1 1 1  1 1  ! 1 4  1 1 1  I I 1  1  I 
1 1 1 1  I I I I 1 1 1  1 1  I I 1 1 1 1  1 I 1 . ! I ,  I I I I 

1 1 1 1  I I I I l l  I I I I I I 1 1 1  1 1  I ' I 1 1 1  1 1  I 6 I I 

1 1 1 1 I  I I I 1 1 1 1  I I I I 1 1 1 1  1 1  I 1  i l l 1  I / I I ! 
1 1 1 1 l  I I I 1 1  1  I I I I I 1 1 1  I 1  1 I 1 1 1 1  1  I I I 
1 1 1 l I  I I 1 8 1  I I I I I 1 1 1  I 1  1  ' I I I l l ,  I I , I 

L L L L - L  ..-- I-- - ;  -----A. ,-I -.:.- I --.-.. L --.... L... -...-----.-..- .----.--- J 
I I I I  I I I 1 1 1 1  I t  I I I 1 1  1  I I 1 1 1 1  I I I I 
I I I I !  I I 1 1 1  I 1  1  I I I 1 1  1 ,  . I I 1 1 1 1  I I I I ! 
I I I I I  I I 1 1 1  1 1  I I I 1 1 1  l I : I I 1 1 1 1  I I I ! 
I I I I I  I I I I 1 1  I I I I I I , , ,  I I I ! I 1  I I I I I 

1 1 1 1 1  I I I 1 1 1 1  1  I I I I , 1 1 1 1 1  4 I i 1 1 1  I 1  1 I / 

, 1 1 1 1  I I t 1 1 1  I 1  1  I I 1 1 1  1  I I I I 1 1 1 1  I I I I 
1 1 1 1  I I I 1 1 1 1  1  1  I I I 1 1 1 1 1  I . I I 1 1 1 1  1  I , I I 

l l l l l  I I I 1 1 1 1  1  1  1  I 1 1 1  1 : 0 1 1  I I I I 
1 1 1 1 I  I I 1 1 1  1  I f I I I l i t  l I I I - 1 1 1 1 1  I I I 

- L C L 4 - - - L - - I - - - A - - - - - 4 i A - l - L - ,  - - I - -  A - - - -  - - - - -  & . i d - , - A  - - - -  - - - , - - - - - - I - , -  1 - C d - L - L - - I  - - - - - - - - -  d 
1 1 1 1 I  I I I 1 1 1  1  I I I I 1 1 1  1 ,  . : I 1 1 1  1 1  I I 4 

1 1 1 1 :  I I I 1 1 1 1  I I I I 1 1 1  1 ,  I I 1 \ 4 1  I I I I 

1 1 1 1  I I I I 1 1 1 1  1  I I I I I , !  J I : I :  , , , I 1  I I I 
l I , I I  I I , 1 1 1  1 1  I I I 1 1 1 1  9 1 I 1 1 1 1 1  I I I 

I 

1 1 1 1 I  I I I 1 1 1  1 1  I I I I I I . I 1 1  1  I I 
1 1 1 1 ~  I I 1 1 1  1  I I I I I 1 1 1  1 1  I I J I I  I I I I I 

I 
I I I I' I I I 1 1 1 1  1  1  1  I I 1 1 1 1  I ' I I : I 1 1 1  I I 1  

I 
I l l 1  I I I I 1 1 1  1  I I I I 8 I l l  1 ,  I I 1 1 1 1 I :  I I 

i 

Grain Size (mm) 

- - - - - - + - - - - - - - + - - - - - - - -  
( %  

+ - - - - - - - - - - + - - - - - - - - - - + - - - - - - -  + 
1/2" 112.700 10.00 10.00. 10.00 1100.00 1 
3/8" 19.500 10.00 10.00 10.00 I 

1/4" 6.350 10.00 10.00 10.00 
.-#4 '4.750 i0.00 0.00 10.00 ,100.00 1 
#8 I2.360 0.00 10.00 Il00.00 I 
# l o  2.000 /o.oo 10.00 ~l00.00 f 
#16 /1.180 10.00 1.0.00 fl00.00 I 

#30 10.600 110.00 11.00 11.00 199.00 / 
#40 10.425 10.00 10.00 11.00 199.00 1 
#so 10.300 Ilo.00 11-00 12.00 198.00 1 
#lo0 10.150 140.00 14.00 16.00 194.00 1 
#200 10.075 1140.00 114.00 120.00 180.00 1 
Pan 10.000 10.00 10.00 (20.00 180.00 1 

SIEVE 
OPENING 
(mm) 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 
RETAINED 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
Date = 9/29/97 
Tested By = M. Blalock 

ing Number = 20 
e t h  = 8' - 15' 
sample Number = 97-0780 
Description = Brown, SILT(ML)' with sand 
Dry Sample Weight (g) = 1000 

SIEVE 
NUMBER 

Sieve Analysis 

- - - - - - + - - - - - - -  + - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -  -I- 

/ 112.700 10.00 10.00. 10.00 1100.00 1 
3/8" 19.500 10.00 10.00 10.00 '100.00 1 
1/4" 6.350 10.00 0.00 10.00 l l ~ ~ . O O  1 

1 1 1 1 ! ,  I I I l l  I I I I I I 1 1 1 1  1 1  1 1 
- 

I 1 1 1  1 1  I I I 
I , , ,  . 8 , 1 1 1  1 1  I I , I ! I 8 I , 1 1 - 1  -:--------- ' - - - - -  

I I  I 
1 1 1 1 1  I I I I l l 1  I 1  I I I 1 1 1  1 ,  I I I I 1 1 1 1 1  I I I 
1 1 1 1  I ,  I I I 1 1  1 1  I I I I I l l  1 I I I I I 1 1 1  1 1  I I I 
1 1 1 ,  I ' I I I l l  1 I I I I I 1 1 1 1 I I  I I 1  1 1 1  I I I I I 
I I I I I  I I I 1 1 1 1  1  1  I I I 1 1 1 1 1  1 1  I I 1 1 1  1 1  I I I I 
I l l 1 1  I I I 1 1 1  1 1  I I _ I  I 1 . 1 1 1  I I I I I I l l 1 1  I I I I 
1 1 1 1 1  I I I 1 1 1  1 1  I I I I 1 1 1 1  I I I I I 1 1 1 1  1  I I I I 
1 1 1 I I  I I I 1 1 1 1  I I I I I 1 1 1 l l 1  1  I I I l l  I I I I I I 
1 1 1 1  I I I I 1 1 1  1  I 1 I I I ' I I J I I I  I I I 1 1 1 1 1  1  I I 

.#4 
'# 8 
#lo 

t l - l - I - l - l - i - - l - - - l - - - - - - l J - l - l - I - ' - - ' - - . ! - - - L  - - - - -  L ? . L 1 - ' - 1 - 2 - - ' - - - - ' - - - - - -  I - I - I - ' - 1 - L - L - - ' - - - L  - - - - -  
I I I I I  I I I I l l  1 1  I I I I 1 1 1  1 1  I I I I 1 1 1 1 1  I I I 
1 1 1 1  I I I I I l l  I I I I I I I 1 1  1 1  I I 1 I I l l  1  I I I I 
I I I I I  I I I I 1 1 1  I I I I I 1 1 1 1 1  1 1  I I 1 1 1 1 I  I I I I 

SIEVE 
OPENING 
(mm> 

Grain Size (mm) 

RETAINED 
WEIGHT 

(g) 

PERCENT OF 
WEIGHT 
RETAINED 

4.750 

2.360 ~~~~~ 2.000 

0.00 10.00 1100.00 I 

2.00 (2.00 (98.00 I 
1.00 13.00 197.00 / 

#16 11.180 110.00 

CUMULATIVE 
PERCENT 
RETAINED 

1.00 14.00 196.00 1 

PERCENT 
FINER 

( % )  

#30 10.600 '10.00 1.00 15.00 '95.00 1 
#40 10.425 /10.00 /1.00 16.00 194.00 1 
#SO '0.300 110.00 11.00 17.00 (93.00 
#lo0 10.150 110.00 11.00 18.00 192.00 1 
#200 (0.075 (90.00 19.00 117.00 183.00 ( 
pan 10.000 10.00 10.00 117.00 183.00 1 





project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, Channel 
Date = 10/4/97 
l? sted By = D. Johnson 

ing Number = 22 
4 t h  = 4' - 6' 
Sample Number = 97-0817 
~escription = Gray, Poorly graded SAND(SP-SM) with silt ahd gravel 
Dry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
NUMBER 

Grain Size (mm) 

SIEVE 
OPENING 
(mm) 

RETAINED-PERCENT 
WEIGHT 

OF CUMULATIVE PERCENT 
WEIGHT PERCENT FINER 

(g) RE~~INED 1 RETAINED I % I  I 



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, East Tributary Channel 
Date = 10 /1 /97  
Tested By = D. Johnson 

ng Number = 23 
= 31 - 1 1 1 / 2 l  

Sample Number = 97-0801 
Description = .  Brown, sandy, silty CLAY (CL-ML) 
Dry Sample Weight ( g )  = 1000 

PERCENT OF 
WEIGHT 
RETAINED 

SIEVE 
NUMBER 

Sieve Analysis 

SIEVE 
OPENING 
(mm) 

CUMULATIVE 
PERCENT 
RETAINED 

I 5 I I 

I I I I I  I I I 1 1 1 1  I I I I I , , , I 1  I I I 

1 1 1 l I  I I 1. 1 1 1  1  I I I I I 1 1 1 1  1  I I I 

1 1 1 1 I _ I  I I  1 1 1 1 1  I I I I 1 1 1  1  I I I / ! 
1 1 1 1 I  I I I 1 1 1 1  I I I I I I I I I I  I I I 

1 I : I I  I I I 1 1 1 1  1  I I I I 1 1 1 1 1  1 . 1  1  I 1 1 1  I 1  1  I ! 

1 l 1 l l  I I I I l l  I I I I I I 1 1 1  1 I I I I I 1 1 1  1  I 1  I I I I 

I I I I I  I I I 1 1 1  1  I 1  I I I 1 1 1  I I 1  1  I 1  I l l  I I I I I i 

RETAINED 
WEIGHT 

(g) 

PERCENT 
FINER 

( % I  
- - - - - -+ - - - - - - -+ - - - - - - - -  

.__I 

Grain Size (mm) 

#16 
#3 0 
#4 0 

1.180 10.00 
0.600 110.00 
0.425 10.00 

m 0  jo .300 120.00 
0.150 100.00 

# Z O O  10.075 /180 .00  
Pan 10.000 10.00 



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, East Tributary Channel 

, Date = 10/1/97 
By = L. Gitner 

ng Number = 24 

sample Number = 97-0802 
Description = Brown, sandy lean CLAY (CL) 
Dry Sample Weight (g) = 1000 

1/21! 
3/81! 
1/4" 

- #4 
#8 
#lo 
#16 
#3 0 
#4 0 
#SO 
#loo 
#200 
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SIEVE 
NUMBER 

Sieve Analysis 

Grain Size (mm) 

- - - - - -+ - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -& - - - - - - -&  

SIEVE 
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(mm) 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 
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CUMULATIVE 
PERCENT 
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PERCENT 
FINER 

( % )  



Project Number = 196020-3 Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, East Tributary Channel 
3ate = 10/1/97 
rested By = D. Johnson 

ing Number = 25 
9 t h  = 6'- 15' 
sample Number = 97-0803 
Description = Gray-tan, SILT(ML) 
3ry Sample Weight (g) = 1000 

Sieve Analysis 

SIEVE 
SUMBER 

Grain Size (mm) 

SIEVE 
OPENING 
(mm> 

- - - - - -+ - - - - - - -+ - - - - - - - -+ - - - - - - - - - -+ - - - - - - - - - -+ - - - - - - -  + 
2 I' 150.800 (0.00 10.00. 10.00 1100.00 1 
1 1/2"'38.100 160.00 16.00 16.00 '94.00 1 
1 " 125.400 1170.00 17.00 123.00 177.00 f 

RETAINED 
WEIGHT 

(9) 

-.3/4" 160.00 
112' j:::::: 140.00 

6.00 '29.00 171.00 1 
4.00 133.00 167.00 1 

PERCENT OF 
WEIGHT 
RETAINED 

3 / 8 "  19.500 (40.00 14.00 137.00 163.00 1 
1/4" 16.350 170.00 17.00 144.00 156.00 I 
#4 ,4.750 140.00 14 ..OO 148.00 152.00 I 
#8 12.360 190.00 19.00 157.00 143.00 1 
#10 12.000 130.00 13.00 160.00 140.00 1 
#16 11.180 180.00 18.00 168.00 132.00 1 
#30 '0.600 ' 180.00 18.00 176.00 124.00 1 
#40 10.425 1.50.00 15.00 181.00 jl9.00 I 

10.300 130.00 13.00 184.00 116.00 1 
0 10.150 140.00 14.00 188.00 1.12.00 f 
0 10.075 120.00 12.00 190.00 110.00 I 

Pan 10.000 (0.00 10.00 190.00 110.00 1 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % )  



Project Number = 196020-3  Client: Sverdrup Civil , Inc. 
Location = Bullard Wash, East Tributary Channel 
gate = 1 0 / 1 1 / 9 7  

By = D. Johnson 
ing Number = 2 6  

sample Number = 97-0804  
Description = Brown, silty SAND(SM) with gravel 
Dry Sample Weight (g) = 1000  
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NUMBER 
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PERCENT 
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2 . 0 0 0  110.00 
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PERCENT 
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( % I  

1 . 0 0  118.00 182.00 1 
3 . 00  121.00 179.00 1 
5 . 00  126.00 174.00 1 

0 . 425  140.00 1:::; 130.00 170.00 1 
0 . 300  160.00 136.00 164.00 ' 
0 .150  ~ 1 0 0 . 0 0  110.00 1 / 45:: :: 154.00 1 

0 .075  1100.00 110.00 1.44.00 1 
0 . 000  10.00 10.00 156.00 144.00 1 



Project Number = 196020-3 Client: ,Sverdrup Civil , Inc. 
Location = Bullard Wash, East Tributary Channel 
Date = 10/1/97 a ted By = D. Johnson 

ing Number = 27 
L p t h  = 0 - 12 1/2' 
Sample Number = 97-0806 
Description = Brown, sandy SILT(ML) 
Dry Sample Weight (g) = 1000 
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a Summary of Moisture Density Relationship Tests 

Client: Sverdrup Civil 
432 N. 44th Street. Ste 250 
Phoenix. Az 85008 

Project: Bullard Wash - Channel 
Test Designation: ASTM D-698 
Test Method: A 

Job NO. 196020-3. 
Lab No. 97-0813 ' 

Type of Rammer: Manual 
Test Date: 10107197 

Material Description: Brown, lean CLAY(CL) 
Sample Source: Boring No. 11 Depth: 5' - 10' 

12 13 14 15 16 17 18 19 20 21 U 
Mo~stunt Content (% Oly Weight) 

Specific Gravity Used For Zero Air Voids Curve: 

Maximum Dry Density (1bslcu.ft.): 
Optimum Moisture Content (% of Dry Weight): 

Remarks: \ 

Reviewed By: 
Input By: 

qL~lL>T bmitted:' 

c U L L L d  

Robert Rivera 
Laboratory Supervisor 



Summary of Moisture Density Relationship Tests 

Client: Sverdrup Civil 
432 N. 44th Street, Ste 250 
Phoenix, Az 85008 

Project: Bullard Wash - Channel 
Test Designation: ASTM D-698 
Test Method: A 

Job NO. 196020-3 
Lab No. 974805 
Type of Rammer: Manual 
Test Date: 10107197 

Material Description: Brown, silty SAND (SM) with gravel 
Sample Source: Boring No. 26 Depth: 0-10' 

Moisture Density Relationship 
135 

130 

125 - 
j 120 - 
E 9 115 

E 0 

110 

105 

100 
11 12 13 14 15 16 17 18 19 20 

Moisture Content (% Dry WetQht) 

Specific Gravity Used For Zero Air Voids Curve: 

Test No. 1 2 3 4 
Dry Density (Ibslcu.R) . .  116.4 118.2 114.4 107.3 

Maximum Dry Density (1bsIcu.R): 118.3 
Optimum Moisture Content (% of Dry Weight): 14.1 

Remarks: 

Reviewed By: 
Input By: 

~b bert Rivera 
Laboratory Supervisor 



Summary of Moisture Density Relationship Tests 

Client: Sverdrup Civil 
432 N. 44th Street, Ste 250 
Phoenix, Az 85008 

Project: Bullard Wash - Channel 
Test Designation: ASTM D-698 
Test Method: A 

Job NO. 196020-3, 
Lab No. 97-0779 . 

Type of Rammer: Manual 
Test Date: 10107l97 

Material Description: Brown, SILT(ML) with sand 
Sample Source: Boring No.:19 Depth: 0-1 1' 

Moisture Density Relationship 
135 

130 

125 - 
p 120 - 
3 

115 

6 
110 

105 

1 w 
12 13 14 15 16 17 18 19 20 21 22 

Moisture antent  (Y. Dty Weght) 

Specific Gravity Used For Zero Air Voids Curve: 2.65 

Maximum Dry Density (Ibslcu.R): 
Optimum Moisture Content (% of Dry Weight): 

Remarks: 

~dbe r t  Rivera 
Laboratory Supervisor 



PERCENT SWELL TEST 
(Surcharge = 100psf) 

USCS 

CL 

ML 

Dry Saturation 
Percent Density Moisture 
Swell 0 CU 



Boring 
No. 

Depth 
(Ft) 

BULLARD WASH - CHANNEL 
GOODYEAR, ARIZONA 
ATL JOB NO. 1960204 

pH AND RESI'STIVIPI TESTS 

USCS 

Average Soil 
Resistivity 

(Ohms lcm3) 





March 4,1998 

Mr. Bradford D. Olbert, P.E. 
Sverdmp Civil, Inc. 
432 North 4#" Street, Suite 250 
Phoenix, Arizona 85008 

Re: Addendum No. 1 
Landfill Treatment 
Bullard Wash Channel Report 
Contract FCD 9539 

- Goodyear, Arizona 
ATL Job No. 1960203 

Dear Mr. Olbert: 

For this contract, Boring Nos. 28 through 34 were drilled to determine the depth and 
type of fill at  this location. The material encountered during drilling included soil, old 
asphaltic concrete, portland cement concrete, plastic sheeting, electrical wire, and tree 
limbs. The following addendum should be added to Section 8.1 of the subject report and 

a addresses methods .of separating the debris from the soil s o  that the soil may be reused 
elsewhere on the project. 

Section 8.1 - Structural Excavation and Backfill Addendum 

In order to re-use the soil excavated for the channel construction in the area 
represented by Boring Nos 28 through 34, a "gr'nzlf with a 3-inch sieve or similar 
screening equipment should be utilized to separate the construction debris. The contractor 
should also be informed that some debris could pass a 3inch screen and will require 
removal by hand. The debris should be disposed of off-site. 

There is no accurate way to determine what percentage of the fill is re-usable. For. 
estimating purposes, from 10% to 20% of the volume is probably unusable. 

2912 W. CLARENOOK 820 0.47TH STREET. SUFE 6-1 1400% ?I. BiiOaD . 1855 W. fild43 L E E  SillTE 6 3002-A RIGEL AVENUE 
PHOENIX. AZ 8501 7 TUCSON. AZ a5713 ' GLOBE, AZ ~5507 FLAGSTAFF. AZ a 6 0 1  I..AS ;KCAS. NV a9102 
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PHOENIX - CORPORATE OFFICE 
2912 W. Clarendon Phoenix, AZ 85017 
(602) 241 -j 097 Fax (602) 277-1 306 

June 8, 1998 

Mr. Brad Olbert, P.E. 
Sverdrup Civil, Inc. 
637 South 48th street, Suite 101 
Tempe, AZ 85281 

Re: Geotechnical Investigation Report 
Bullard Wash 
Levees and Embankments 
FCD Project No. 95-39 
ATL Job No. 198013 

I Dear Mr. Olbert: 

This report presents the results of a geotechnical investigation for the proposed 
construction of a roadway embankment along Lower Buckeye Road, and a levee 
embankment on both sides of the proposed canal, between Broadway Road and the BID 
Canal, in Goodyear, Arizona. Field exploration, laboratory tests, and engineering analysis 
are included along with boring logs and laboratory results. ATL's work was performed in 

-. a accordance with ATL Revised Proposal No. P97348 dated December 17,1997. 

.-. ATL drilled and sampled nine (9) boreholes to depths of approximately 11 % feet 
below grade. The roadway embankment slopes should not be steeper than 2H:IV and 
the levee slopes should match the channel slopes on the front side and 1 H:1V on the 
backside. A non-woven geotextile will be placed between the stepped gabion baskets 
and the soil embankment in the channel section. 

ATL has appreciated the opportunity to be of service to Sverdrup Civil, Inc. on this 
project and looks foward to a continued association on future projects. Should any 
questions arise, please do not hesitate to contact us at your earliest convenience. 

' TUCSON FLAGSTAFF GLOBE COlTONWOOD PRESCOlT VALLEY LAS VEGAS 

- , 820 E. 47th Street 0-1 1855 W. Kaibab Lane #6 1400% N. Broad 2646 Union Dr~ve 7136 2nd Street # I03  3002-A Rigel Avenue 

Tucson, AZ 85713 Flagstaff, AZ 86001 Globe, AZ 85502 Cottonwood, AZ 86326 Prescott Valley, AZ 86314 Las Vegas, NV 891 02 
(520) 623-4547 (520) 773-9614 (520) 425-8999 (520) 646-731 1 (520) 759-2238 (702) 871 -0492 

Fax (520) 623-4603 Fax (520) 773-9522 Fax (520) 425-9597 Fax (520) 646-7198 Fax (520) 759-2239 Fax (702) 871 -3643 
- -  - 
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GEOTECHNICAL INVESTIGATION 

REPORT FOR 

SVERDRUP CIVIL, INC. 

PROJECT 

BULLARD WASH 
LEVEES AND EMBANKMENTS 

FCD PROJECT NO. 95-39 
ATL JOB NO. 198013 

1.0 PROJECT DESCRIPTION 

The Flood Control District of Maricopa County is intending to construct 

embankments in two areas along the Bullard Wash Channel. One area involves both 

sides of the Bullard Wash Channel from Broadway Road, south of the BID Canal and 

result in the construction of levees as an extension of the channel side slopes. The other 

area is located at the northern end of the channel at Lower Buckeye Road. The 

embankment that will be constructed near the northern end of the Channel will function 

as a roadway embankment for the extension of Lower Buckeye Road and will be oriented 

perpendicular to the new channel. This will require a northerly extension of the proposed 

Bullard Wash channel and the raising of Lower Buckeye Road. Farm roads will be 

constructed on either side of Lower Buckeye Road. 

-1 - 

ATL, INC. 

- 



2.0 LOCATION AND SITE DESCRIPTION 

The project site is located south of Interstate 10 Freeway (I-lo), west of Litchfield 

Road, and east of Sarival Avenue. It is situated in a predominantly farm area in 

Goodyear, Arizona. 

The project area is located in the western Salt River Valley, a broad basin filled with 

alluvium of varying grain-sizes. The fill deposits are composed of a Lower conglomerate 

Unit consisting of cemented sand, gravel, silt, and clay but design considerations 

interested in materials found in the Upper Alluvial Unit, which consist primarily of sands 

and gravels with clay and silt lenses. Groundwater flows to the northwest, north of Yuma 

road and to the southwest, south of Yuma Road at depths between 40 and 120 feet below 

land surface. . 

3.0 SCOPE OF WORK 

ATL's responsibility was to drill and sample sub-surface material in order to develop 

design data for the construction of the levee embankments. 

Field and Laboratory testing were performed to appraise the ability of the in-situ 

soils to support the proposed embankments. The following issues were addressed as a 

resul't of the investigation: 

1) Recommendations for the levee and embankment construction. 

2) Settlements and Rapid Draw-down effects and Lateral Pressures on the 

proposed Levees and Embankment. 

3) Earth Fill Stability. 

4.0 DRILLING AND SAMPLING PROCEDURES 
- 

A total of nine (9) borings were drilled for this project, each to a depth of 1 I '/z feet 

below grade. Six (6) of these borings were drilled, along the Bullard Wash Channel 

alignment, from Broadway Road south, to the BID Canal. The remaining borings were 



A Mobile B-50 drill rig, with 6-inch outside diameter auger, was utilized in the drilling 

and sampling of the boreholes. SPT values were obtained at 10 feet below grade using 

a split-spoon sampler driven by a 140-pound hammer dropping 30-inches until the 

sampler penetrated 18-inches into the soil in accordance with ASTM D l  586 standards. 

Ring samples were also obtained near the surface. Bulk samples of the existing native 

material were selectively sampled from the auger flights as drilling proceeded. 

Upon completion, each borehole was backfilled with excess cuttings. All samples 

were transported to ATL's Phoenix Laboratory for analysis. Upon delivery to the 

laboratory, soil samples were checked by the Project Engineer and the following ASTM 

tests assigned: 

Sieve Analysis Standard Proctor Analysis 

Plasticity Index Consolidation Test 

Moisture Content 

Direct Shear Test 

Percent Swell Test 

5.0 LABORATORY TESTING 

Bulk samples of the subgrade were collected off the auger flights throughout the 

depth of each boring. Visual field classifications noted on the field boring logs were 

modified by the results of index tests such as Sieve Analysis and Atterberg Limits. The 

resulting Unified Soils Classification presented on the edited logs in Appendix A. Moisture 

Content tests were performed to determine the amount of water present in the soil at the 

time of sampling. Standard Proctor Analysis were completed on the subgrade material 

to determine the relationship between the maximum dry density and optimum moisture 

content. A Consolidation Test was conducted to determine the amount of vertical 

movement a sample would experience under specific loading and moisture conditions. 

A Percent Swell Test was performed to determine the expansion tendencies of the 

material under given surcharge load when water is added. A Direct Shear Test was also 

performed to provide parameters that were used in determining equivalent fluid pressures 

that potentially will be acting against the proposed levee embankment. 



All laboratory tests were conducted in accordance with ASTM published standards 

and are summarized in Appendix B, "Laboratory Test Results". The soils described on 

the edited boring logs were classified using the Unified Soils Classification System 

(USCS). The following table summarizes the type and quantities of laboratory tests 

completed for this project. 

6.0 SUMMARY OF EXISTING CONDITIONS 

Classification data for the soils sampled from the borings suggests the following soil 

profile variation. Refer to Appendix A for detailed boring information. 

a) At Lower Buckeye Road, the subgrade, to a depth of 11% feet, consisted 

primarily of a lean CLAY (CL) with sand. In some areas a clayey SAND 

(SC) or a sandy fat CLAY (CH) with gravel were observed. 

b) The channel alignment, south of Broadway Road, revealed lean CLAY (CL) 

to a depth of 11 % feet. 

C) The N values obtained at 10 feet below grade revealed the CL materials as 

"Stiff to "Hard". The SC material was observed to be "very firm" as 

revealed by the N values obtained; moderate cementation was observed 

from Boring No. 3 starting at 8 feet below grade and extended to 

approximately 10 feet below grade. 

-4- 

ATL, IWC. 

I 



The minus No. 200 results ranged from 63% to 95%. The Plasticity Indices ranged 

from 9 to 30. The SC material tested contained a minus #ZOO content of 39% with a 

Plasticity lndex of 8. The CH material tested contained a minus #200 of 55% with a 

Plasticity lndex of 32. 

Standard Proctor Analyses were performed from Boring No. 2 and from Boring No. 

7, which were both classified as CL material. The CL material from Boring No. 2, at the 

depth of 0 to 5 feet below grade, yielded a maximum dry density of 120.4 pcf at an 

optimum moisture content of 12.3%. The CL material from Boring No. 7, at the depth of 

2% to 5 feet below grade, yielded a maximum dry density of 103.5 pcf at an optimum 

moisture content of 21.0%. 

A Consolidation Test was performed on a CL material from Boring No. 7, at a depth 

of 2% to 3 feet below grade. A total consolidation of 2% was observed when the sample 

was 100% saturated with water under a stress of 2,280 psf. 

A Percent Swell Test was also performed on a CL material from Boring No. 7, at 

a depth of 2% to 3 feet below grade. The material swelled I .l% under a surcharge of 100 

psf. 

A friction angle of 38" was obtained when a Direct Shear Test was performed on 

CL material from Boring No. 7. 

7.0 DISCUSSIONS AND RECOMMENDATIONS 

The sampling of the subsurface materials was performed on May 14 & 15,1998. 

Groundwaterwas not encountered during drilling. Variances in groundwater levels should 

not effect the construction of the levees. Surface water, however, could effect the project 

construction sequence, particularly if a flood occurs prior to the beginn.ing of construction. 
- 

7.1 Lower Buckeve Roadwav Embankment 

The roadway embankment will be constructed on Lower Buckeye Road extended, 

from Estrella Parkway, east to the proposed location of the Bullard Wash Channel. The 

embankment height will range from 3 to 5 feet above existing grade to an elevation of 

948.0, will be 16 feet wide, and will serve as a roadway subgrade for the eastern 



extension of Lower Buckeye Road. Farm roads are planned on either side of the 

embankment to allow for local access. 

In ATL1s geotechnical report for the new channel "Bullard Wash - Channel", 

dated November22,1997, it was recommended that some of the material excavated from 

the channel be mixed specifically with the granular material excavated between ATL 

Boring Nos. 12 and 17. The northern end of the channel was represented by Boring Nos 

9 through 11 and the material was a cohesive lean clay with some silt. While the plasticity 

was less than 10 for this material, the minus No. 200 amounts exceeded 70%. Thus, this 

cohesive material should be mixed with excavated granular material before being used 

as roadway embankment. 

Placement and compaction should be performed in accordance with the 

recommendations contained in Section 8. The roadway embankment construction will 

require that the existing ground be scarified and compacted to a depth of 12 inches below 

grade. The embankment should be placed in 10 inch compacted layers to the 

requirements presented in Section 8.0 of this report. Al layers will be placed horizontally 

and the slopes trimmed to the specified angle. This will insure uniform compaction 

throughout the fill. 

The slope of the levee, which should not exceed 2H:1V1 will be protected from 

possible erosion by providing stabilizing treatments such as spraying with clear 

lignosufinites, applying seed mixes, or gravel mulch. It is also important to provide 

drainage along the intersection of the slope and the farm road surface to carry water away 

from the embankment toe. We suggest that this ditch be paved or otherwise sealed and 

the farm road sloped transversely away from the embankment. 

In preparing the subgrade for the levee fill, we anticipate that due to scarification 

and compaction, that the resulting elevation will be less than that of the original ground. 

The difference is the "Ground Compaction Factor". For this project, that estimated value 

is: 

Ground Compaction Factor = 0.2 feet 

I[ ATL, IUC. 



A shrinkage factor has been computed for the difference between the in-situ 

density and the compacted density of the channel matecal in the aforementioned ATL 

report. That estimated value is: 

Shrinkage Factor - - 15% 

During a flood, the roadway embankment will function as a levee, providing a 
. . 

barrier for the water and directing it to the new Bullard Wash Channel. It should be noted 

that this levee embankment is not a dam designed to constrain a given volume of water 

for the life of the structure. In addition, our embankment is not sealed from the infiltration 

of water on the face that will be exposed to the flood waters. While the effects of rapid 

draw down are consideration with this fine-grained soils, because of the short height of 

the embankment we don not anticipate that they will influence the structures performance 

as much as the potential harm that saturation could cause. 

7.2 Bullard Wash Channel Levee 

A levee is proposed to be constructed on either side of the Bullard Wash Channel 

from Broadway Road south to the BID Canal. The front face of the channel slope and 

levee will be protected with stepped gabions and a geotextile fabric bank lining. The 

height from the channel invert to the top of the levee is 10 feet. Between Stations 33+30 

to 63+01, the back face of the levee embankment will also be protected by the gabions. 

Since the gabions forthe levee will be an extension of the channel slope protection, 

the material and installation requirements for the rock will be identical. The geotextile 

fabric will function as a barrier and an impermeable layer between the embankment 

material and the gabion baskets. BacMill behind each course of gabion baskets should 

be compacted to 95%. 

The top of each levee will be utilized as an unpaved operations and maintenance 

road, 15 feet wide. A handrail will be constructed between the road edge and the back 

of the gabion baskets. A four inch compacted layer of aggregate base course will be 

placed as a wearing surface for these roads. Specifications of compaction are presented 

in Section 8. 

11 ATL, ac. 



7.3 Material Source 

The material excavated from the Bullard Wash Channel will be used to build up the 

Levee on all areas. As indicated in ATL's Channel Report, some blending of the 

excavated materials might be required. Placement and compaction requirements will 

conform to appropriate item in Section 8.0 of this report. 

8.0 CONSTRUCTION RECOMMENDATIONS 

ATL recommends that MAG Standards be used as a guideline for the development 

of construction specifications. The following sub-sections provide specific references to 

MAG, as well as containing additional recommendations specific to this project. 

8.1 Site Preparation 

Stripping of organic soil, small bushes and grass will be required prior to excavating 

the native subsoil for subsequent use in the roadway and levee embankments. The 

stripped materials should be disposed of off-site. 

The native ground should be scarified a depth of 12 inches and compacted as 

required in 8.4. Moisture might have to be added in order to reach the acceptable range 

of water content during compaction. 

8.2 Excavation and Backfill 

Excavation is not required for this part of the project. Material excavated from the 

channel construction will be used as backfill for the roadway and levee embankment 

construction. Backfilling operations should be conducted in accordance with Section 206 

of MAG. The contractor may need to prepare an area to mix the excavated materials to 

create an acceptable embankment material. 

The following specifications are suggested for the material used as embankment 

in the levee whether it is mixed or sole sourced: 

Sieve Size Percent Passinq bv Weiaht 
2" 100 
NO. 40 30 - 75 
NO. 200 10-60 

5 5 Plasticity Index 212 

-8- 
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8.3 Borrow 

The only anticipated use for borrow or imported material is to either mix with the 

existing granular material or use solely as embankment for the construction of the Levee. 

No specification is presented in this section, since Section 8.2 provides the grading 

allowance for the final product, mixed or not. The Contractor will submit a borrow source, 

along with recent gradations and Atterberg Limit data. If mixed, the Contractor will also 

be required to provide a mixing procedure. 

8.4 Placement and Com~action 

Structural backfill for the levee and roadway embankments should be placed in 12- 

inch compacted layers. The lifts will be compacted to within 95% of the maximum 

laboratory dry density and within &2% of the optimum moisture content as determined by I 
ASTM D698, Standard Proctor. All layers will be placed horizontally and slopes trimmed 

after placement to conform to the plan requirements. Recompaction of the native subsoil 

material is also required and it shall be compacted to 95% of ASTM D698 and within 2% 

of the optimum moisture content. 

8.5 Geotextile 

The geotextile fabric is utilized under the gabions baskets and relieves the 

hydrostatic pressure and prevents the embankment soils from sloughing, and reduces 

water penetration to the subgrade during a flood. ATL suggests the following 

specifications as a minimum for this non-woven product, utilizing IS0  9002 certified 

production facilities: 

Mullen Burst Strength 475 psi - Min 

Permeability 0.48 cmlsec - MAX 

Apparent Opening Size 150 pm - MAX 

UV Resistence 70% Retained in 100 hrs. - MIN 

I 
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, 9.0 LIMIT OF SERVICES 

i The Geotechnical Engineer may also be retained to provide testing services during 

excavation, backfill, and grading, and levee construction phases of the work. Construction 

testing, including field and laboratory evaluation of backfill should be performed by a 

competent; certified laboratory to determine whether applicable project requirements have 

been met. ATL, Inc. is highly qualified to provide these additional services. 

The analyses and recommendations in this report are based in part upon data 

obtained from field exploration. The nature and extent of variations beyond the location 

of test borings may not become evident until construction. If variations then appear 

evident, it may be necessary to reevaluate the recommendations of this report. 

Our professional services were performed using that degree of care and skill 

ordinarily exercised, under similar circumstances, by reputable geotechnical engineers 

practicing in this or similar localities. No warranty, express or implied, is made. We 

prepared the report as an aid in design of the proposed project. This report is for the 

exclusive purpose of providing geotechnical engineering andlor testing information and 

recommendations. The scope of services for this project does not include, either 

specifically or by implication, and environmental assessment of the site or identification 

of contaminated or hazardous materials or conditions. 

10.0 REFERENCES 

I I Uniform Standard Specifications for Public Works Construction, 11 
Maricopa Association of Governments, 1992 

Roadside Geoloav o f  Arizona, Holka Chronic, 1995 

Arizona Department of Water Resources, Hvdroloqic Map Series, Report 

No. 72, Sheet 1, 1983. 

Lambe and Whitman, Soil Mechanics, 1969. 

GeoCal for Windows, Geotechnical Software by Datasurge. 

Geosvnthetics Specifications, GSI Construction Products. 
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GUIDELINES IN THE USE AND INTEMETA TION I 
I 

OF THIS GEO TECHNICAL REPORT 

ATL Job No. 19801 3 

Our professioial services were performed, our findings obtained, and our 
recommendations prepared in accordance with generally accepted engineering principles 
and practices. This warranty is in lieu of all other warranties, either expressed or implied. 

The geotechnical report was prepared for the use of the Owner in the design of the 
subject facility and should be made available to potential contractors andlor the Contractor 
for information on factuai data only. This report should not be used for contractual 
purposes as a warranty of interpreted subsurface conditions such as those indicated by 
the interpretive boring and test pit logs, cross sections, or discussion of subsurface 
conditions contained herein. 

The analyses, co~clusions and recommendations contained in the report are based on site 
conditions as they presently exist and assume that the exploratory borings, test pits, 1 I 
andlor probes are representative of the subsurface conditions of the site. If, during f I 
construction, subsurface conditions are found which are significantly different from those 
observed in the exploratory borings and test pits, or assumed to  exist in the excavations, 

/I 
we should be advised at once so that we can review these conditiohs and reconsider our 
recommendations where necessary. If there is a substantial lapse of time between the 
submission of this report and the start of work at the site, or i f  conditions have changed 
due to  natural causes or construction operations at or adjacent to the site, this report 

/ ' 
should be reviewed to  determine the applicability of the conclusions and recommendations 
considering the changed conditions and time lapse. 

The Summary Boring Logs are our opinion of the subsurface conditions revealed by 
periodic sampling of the ground as the borings progressed. The soil descriptions and 

.interfaces between strata are interpretive and actual changes may be gradual. 

The boring logs and related information depict subsurface conditions only at these specific 
locations and at the particular time designated on the logs. Soil conditions at other 
locations may differ from conditions occurring at these boring locations. Also, the 
passage of time may result in a change in the soil conditions at these boring locations. 

Groundwater levels often vary seasonally. Groundwater levels reported on the boring logs 
or in the body of the report are factual data only for the dates shown. 

Unanticipated soil conditions are commonly encountered on construction sites and cannot 
be fully anticipated by merely taking soil samples, borings or test pits. Such unexpected 
conditions frequently require that additional expenditures be made to  attain a properly 
constructed project. It is recommended that the Owner consider providing a contingency 
fund t o  accommodate such potential extra costs. 

This firm cannot be responsible for any deviation from the intent of this report including, 
but not restricted to, any changes t o  the scheduled time of construction, the nature of the 
project or the specific construction methods or means indicated in this report; nor can our 
firm be responsible for any construction activity on sites other than the specific site 
referred to in this report. 

PLATE 1 ATL, IUC. 1 



SOlL CLASSIFICATION & TERMINOLOGY 

DEFINITIONS OF SOlL FRACTIONS 

1. Relative Density. Terms for description of relative 
density of cohesionless, uncemented sands and sand - 

SOIL COMPONENT 

gravel mimres, 

N Relative Densitv . - 
0 - 4  Very loose 
5 -  10 Loose 
11 -30 Medium dense 
31 - 50 Dense 
50 Very dense 

PARTlCLE SIZE RANGE 

2. Relative Consistency. Terms for description of clays whit:: 

Cobbles . Above 3 inches 
Gravel 3 inches to No. 4 sieve 

1 Coarse gravel, 3 inches to 3/4 inch 
Fine gravel W4 inch to No. 4 sieve 

i Sand No. 4 sieve to No. 200 
Coarse No. 4 sieve to No. 10 
Medium No. 10 sieve to No. 40 
Fine No. 40 sieve to No. 200 

fines ( silt or clay ) Below No. 200 sieve 

are saturated or near saturation. 

N Relative Consistency - Remarks - 
0-4 Very soft Easily penetrated seved 

inches with fist. 
3 - 4  Soft Easily penetrated severai 

inches with thumb. 
5 - 8  Medium stiff Can be penetrated sevem 

inches with thumb with 
moderate effort. 

9 -15  Stiff Readily indented with thurz 
but penetrated only with 
great effort 

16 -30 . Very stiff Readily indented with tclumc 
nail. 

30 + Hard Indented only with d i f i cu :~  
by thumbnail. 

3. Relative Firmness. Terms for description of partially 

saturated and/or cemented soils which commonly occur in 
the Southwest including clays, cemented granular matenas. 
silts and silty and clayey granular soils. 

N - Relative Firmness 

0 - 4  Very soft 
5 - 8  soft 
9 -15  Moderately firm 
16-30 Firm 
31 - 50 Very firm 
50 + Hard 

4 w a r d  P- Tests ISPn I 
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BULLARD WASH - LEVEES 

Lower Buckeye Road, Broadway Road and BID Canal 
e Goodyear, Anzona 
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6 BORING LOCATIONS 

BORING LOCATIONS 
BULLARD WASH - LEVEES 

Lower Buckeye Road, Broadway Road and BID Canal 
@ Goodyear, Anzona 
.- 
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BORfNG LOGS 



Gravel was observed at 5 feet below grade, in a moist condition 

- .  BULLARD WASH - LEVEES 
Lower Buckeye Road, Broadway Road and BID Canal 

ATL Job No 

198013 

Boring NO.. 1 

Boring Equipment: Mobrle 6-50 wrth 6 - Inch diameter 
hollow stem auger 

Driller: K. Phillips Logger: K. Phillips Reviewed Bv: A Osono 

  ring Location: 300 west of Channel centerline 

- 

Southem edge of Lower Buckeye Road 

Date of Borins: 5/15/98 Elevation of Boring: Existing 
- 

Dark brown, clayey SAND(SC), slightly moist I 
I 

I 

5- 

I 

I 

-- - 32 ' 
- (Bottom of Boring at 1 I % feet) 

-- 

- 

15 - 
- 

I - 

-- 
-*a I 

--. - I 

20-- 
I 

I 

- t 

- I 

- I 

- 
I 

25 - 
- 

-- 

- 
- 

- - - - - - 

11 % I Groundwater - -  tn~tial - Depth Hour 24 Hour DeptP Boring Stopped at - Feet below Existing Grade -- 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A1 Page 1 of 1 
-- 

- 
a 
0 z,,, 
" 2  s 

==  ,E ;r =. 
m 3 j  . C 8  

a 0 6 s  a 9 .s3 ? ,N  g 2  m 3  SOIL DESCRIPTION m 2 2  m c  
h- 

-$ ---- 



Small lenses of clay was observed starting at 7 feet below grade 

BULLARD WASH - LEVEES 

hollow stem auger 

SOIL DESCRIPTION 

- 11 
(Bottwn of Boring at 11 X fee17 



Observed Moderate cementation at 8 to 10 feet below grade 

I - 
- -  - 

I 
-. 

Boring Stopped at below Existing Grade Groundwater Hour 24 - Hour - Depth -- 
Initial Depth 

1 I 
NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A3 Page 1 of 1 



(Bottom of Boring at 11 X feet) 

Groundwater - 
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-- 

BULLARD WASH - LEVEES 
Lower Buckeye Road, Broadway Road and BID Canal 

59 feet north of north field road 

SOIL DESCRIPTION 

Percentage of sand was observed at 1 to 10 feet below grade 

(Bottom of Boring at 11 X feet) 

Page 1 of 1 
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- 1 

- 4  

1 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A6 Page 1 of 1 
- 

Lower Buckeye Road, Broadway Road and BID Canal 

SOIL DESCRIPTION 

(Bottom of Boring at 11 % feet) 



Changed color to Dark brown, in a moist condition 
starting at 2 % feet below grade 

Changed color to Light brown at 5 feet below grade 

BULLARD WASH - LEVEES 

Center of field road no& shoulder hollow stem auger 

SOIL DESCRIPTION 
Black, lean CLA Y(CL), slightly moist 

(Bottom of Boring at 11 % feet ) 

Hour 24 Hour Depth -- 



BULLARD WASH - LEVEES ATL Job r 
198013 

Lower Buckeye Road, Broadway Road and BID Canal Boring No. 

I 
-4ring Location: 60 feet south of center field road Boring Equipment: Mobile B-50 with 6 - Inch diameter 

75 feet west of centerline hollow stem auger 

(Bottom of Boring at 11 % feet) 

( Boring ~topped at 2 Feet below Existing Grade 
Initial Depth Hour 24 Hour Depl i Groundwater 

I i 

NOTE: THE ABOVE DATA FOR DESIGN PURPOSES ONLY. A8 Page I of 1 



BULLARD WASH - LEVEES ATL Job No. 

198013 
Lower Buckeye Road, Broadway Road and BID Canal Boring NO.: 9 

I 

I I Boring Stopped at !.% Feet below Existing Grade Groundwater - 
Initial Depth : Hour 

1 ' NOTE THE ABOVE DATA FOR DESIGN PURPOSES ONLY. 
I 
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A P P E N D I X  B 

LABORA TORY TEST R '  TS 



SUMMARY OF LABORATORY ANALYSIS 

CLIENT: SVERDRUP CIVIL, INC. DATE: 05129198 

-- 

PROJECT: BULLARD WASH LEVEES 

LOCATION: LOWER BUCKNE ROAD, BROADWAY ROAD AND BID CANAL. GOODYEAR. ARIZONA 

MATERIAL: See Below SAMPLING DATE: 05/15/98 

REQUESTED BY: David Hayes ATL JOB NO: 198013 



-- 

. Project Number = 198013 Client: Sverdrup, Inc. 

. -- 
Location = Bullard Wash Levees, Lower Buckeye Road 
Date = 5/20/98 

ted By = M. Castillo 
e i n g  Number = 1 

-- Depth = 5 I - 10' 
Sample Number = 98-0519 
Description = Dark brown, clayey SAND(SC) with gravel 
Dry Sample Weight (g) =. 1000 

y? 
I d  

Sieve Analysis 

' SIEVE SIEVE RETAINED PERCENT OF CUMULATIVE PERCENT 

, , I .  , . 
- - - A _ - . - <  - - - - . - - - - - - - - - - - -  - - - - - -  - . -  

I . . . ,  . # 1 

- '  NUMBER 

Grain Size (mm) 

OPENING 
(mm) 

- - - - - - + - - - - - - -  
( %  

+ - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - -  t 
1 It 25.400 10.00 '0.00 0.00 1100.00 1 

. . 3/4" 119.050 10.00 l1.00 11.00 '99.00 1 

WEIGHT 
(g) 

- 1 2  112.700 120.00 
3/8' 9.500 l20.00 I 

2-00 3.00 197.00 1 
2.00 15.00 I95.00 1 

WEIGHT 
RETAINED 

-- 1/411 6.350 ,60.00 ,6.00 fll.00 f89.00 1 
#4 '4.750 140.00 14.00 fl5.00 i85.00 1 
#8 12.360 150.00 15.00 120.00 180.00 1 
#10 12.000 110.00 11.00 121.00 179.00 1 
#16 11.180 130.00 '3 .OO 124.00 176.00 1 
#30 10.600 160.00 16.00 130.00 170.00 1 
#40 10.425 '50.00 15.00 '35.00 165.00 1 

: #SO 10.300 160.00 16.00 / 41.00 159.00 1 
I #lo0 10.150 1110.00 111.00 52.00 148.00 1 

0 10.075 190.00 19.00 
7- ,o.ooo ,o.oo 61.00 139.00 1 

l0.00 i61.00 139.00 1 

PERCENT 
RETAINED 

FINER 



Project Number = 198013 Client: Sverdrup, Inc. 
-- Location = Bullard Wash Levees, Lower Buckeye Road 

Date = 5/20/98 a sted By = M. Castillo 
ring Number = 2 

- Depth = 0 - 10' 
Sample Number = 98-0520 
Description = Dark brown, sandy lean CLAY(CL) 

- Dry Sample Weight (g) =. 1000 
4 - 4 

SIEVE 
NUMBER 

- - - - - - + - - - - - - - + - - - - - - - - + - - - - - - - - - -  1 -  #8 12.360 10.00 i0.00 
, #I0 j2.000 l0.00 0.00 

Sieve Analysis 

SIEVE 
OPENING 
(mm) 

CUMULATIVE 
PERCENT 
RETAINED 

#16 1.180 10.00 
- #30 10.600 '10.00 

100 , , . ,  -. rn r, V "  " 
-7 I . .  1 . I ! I . .- ., . .  

I . ,  . 8 .  3 .  

1 1  1 ' 1 2 t 6 

1 1  1 1  , 8 

. . I : ,  8 ! I . . . . 4 1 1  , . , !  1 : . : , I , \, . . 

PERCENT 
FINER 
, ( % )  

0.00 
1-00 

1 1 1 1  I - 
1 . 1 1  1 . . 
i l l .  

1 . 1 :  t . . . . . I !  I 
I l l  l i I : 
1 1 : .  2 

. - - - -' 1 -' -1- I - - 
. I ; ,  * I : . 

RETAINED 
WEIGHT 

(g) 

#40 10.425 110.00 ,1.00 
#SO 10.300 130.00 13.00 
#lo0 10.1.50 1160.00. 116.00 
#200 10.075 1160.00 116.00 
Pan 10.000 10.00 l0.00 

1 b 1  1 1  I * I - I 
I , l i l :  8 : 

F 40 - - - - - - -  - -  - - -  - - - - - -  I J - ~ - . - L - - - - - - . - - - ~  - - - - -  - - - - - - -  _ - .  - L -  - - -  . . ---, - -  _ . 
1 - 1  I 

- i 
I 

8 .  a ; ,  . ( l / I 

, , . . , . 1 !  : I . . 
n a !  I , , . . 

I , ! . .  , I I e , .  , . I 

1 3 1 , .  . I . 
r 1 1 1 1 1  I . I 
- I . ,  ' : I 20 : - . - -  . - - - - - - - a  0 - - - -  .--: - - - - - - - - - - - -  - - - - - - - -  - - . - -  

. 1 : 1 ,  i I , 

. I , /  4 I . 

PERCENT OF 
WEIGHT 
RETAINED 

I I l i  I . I 

$ 6  , I ! I 

I , ' ,  I 3 :  

:f 0 - . -- 
1 100. 10. 1. 0.1 
2 

Grain Size (mm) 
'1 



- i 
1 Sieve Analysis 

. s 
100 

* ;  

- Project Number = 198013 Client: Sverdrup, Inc. 
- Location = Bullard Wash Levees, Lower Buckeye Road 

Date = 5/20/98 
sted By = M. Castillo 
ring Number = 3 

-- Depth = 3 - 5' 
Sample Number = 98-0522 
Description = Tan, sandy fat CLAY(CH) 

-- Dry Sample Weight (g) = .  1000 
.:? 

.- ,.- 9 i.: 

SIEVE 
NUMBER 

', -+.; , : 
. . 

: \ :  , . . 

. : ,  . \  . ! . 
I . , . '  1 1 : %  I .  I . - - - - - - - - - - - - - - - - - -  
I ! .  : I  I 

i :  I I 

I : ,  i 

-=-,,;.; 
, ! .  : . : 

. I : '  ! , I I '  
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Project Number = 198013 Client: Sverdrup, Inc. 
Location = Bullard Wash Levees, Lower Buckeye Road 

- Date = 5/20/98 

w ted By = M. Castillo 
ring Number = 4 

- Depth = 0 - 7' 
Sample Number = 98-0523 
Description = Dark brown, lean CLAY(CL) with sand 

- ... Dry Sample Weight (g) =.lo00 
-..I 

Sieve Analysis 
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#SO 10.300 110.00 11.00 11.00 199.00 1 
#lo0 10.150 180.00 18.00 191.00 ' 
#200 10.075 1160.00 116.00 175.00 1 
Pan 10.000 10.00 10.00 125.00 175.00 1 -  
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PERCENT 
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PERCENT 
FINER 

( %  ) 



Project Number = 198013 Client: Sverdrup, Inc. 
- Location = Bullard Wash Levees, Lower Buckeye Road 

Date = 5/26/98 
sted By = M-Blalock 

Number = 5 
- Depth = 1 - 5' 

Sample Number = 98-0524 
' Description = Dark brown, lean CLAY (CL) with sand 
Dry Sample Weight (g) =.  1000 q 
SIEVE SIEVE RETAINED PERCENT OF CUMULATIVE 
NUMBER OPENING WEIGHT WEIGHT PERCENT 

(mm) (g) RETAINED RETAINED 

#4 
#8 
#lo 
#16 
#3 0 
#4 0 
#5 0 
#loo 
#200 
Pan 

Sieve Analysis 

Grain Size (mm) 



Project Number = 198013 Client: Sverdrup, Inc. 
Location = Bullard Wash Levees, Lower Buckeye Road 

- Date = 5/20/98 
sted By = M. Castillo . .. 
ring Number = 6 

- uepth = 0 - 10' 
Sample Number = 98-0525 
Description = Dark brown, lean CLAY(CL) 
Dry Sample Weight (g) =. iooo 

1 
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1 (mm) 1 (9) 1 RETAINED I RETAINED I ( % I  I 

Sieve Analysis 
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Grain Size (mm) 

0.00 ~100.00 1 
0.00 fl00.00 1 
0.00 1100.00 

#30 10.600 ~0.00 l0.00 0.00 IlOO.00 I 
#40 (0.425 10.00 l0.00 / 0.00 Il00.00 1 
#SO 10.300 10.00 . 10.00 10.00 /l00.00 I 
#lo0 [0.150 120.00 12.00 12.00 198.00 1 
#200 10.075 1100.00 110.00 112.00 188.00 1 
Pan 10.000 i0.00 10.00 112.00 188.00 1 - 



I Project Number = 198013 Client: Sverdrup, Inc. 
Location = Bullard Wash Levees, Lower Buckeye Road 

- Date = 5/20/98 

Q sted By = M. Castillo 
xing Number = 7 

- Depth = 2 1/2' - 5' 
Sample Number = 98-0526 
Description = Dark brown, lean CLAY(CL) 

- ... Dry Sample Weight (g) = .lo00 
..? 

Sieve Analysis 
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(g) 
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PERCENT 
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#3 0 '0.600 10.00 6.00 l0.00 IlO0.00 I 
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#SO 10.300 10.00 . 10.00 (0.00 1100.00 I 
#lo0 10.150 110.00 11.00 11.00 199.00 1 
#200 10.075 140.00 14.00 15.00 195.00 I 
Pan 10.000 10.00 ,O.OO 15.00 195.00 1. 

( % I  



Sieve Analysis 

I Project Number = 198013 Client: Sverdrup, Inc. 
Location = Bullard Wash Levees, Lower Buckeye Road 

- Date = 5/26/98 
sted By = M. Blalock 
ring Number = 8 

uepth = 3' - 10' 
Sample Number = 98-0529 
Description = Dark brown, lean CLAY(CL) 

-. i .  

Dry Sample Weight (g) = 1000 
..: 

Grain Size (mm) 

SIEVE 
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SIEVE 
OPENING 
(mm) - - - - - -  ( % I  
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PERCENT OF 
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#200 10.075 160.00 16.00 18.00 192.00 1 
Pan 10.000 10.00 10.00 18.00 192.00 1 -  

CUMULATIVE 
PERCENT 
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PERCENT 
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Project Number = 198013 Client: Sverdrup, Inc. 
Location = Bullard Wash Levees, Lower Buckeye Road 
Date = 5/26/98 
sted By = M. Blalock' 
:ring Number = 9 0 

~epth = 5' - 10' 
Sample Number = 9'8-0530 
Description = Dark brown, lean CLAY(CL) 
Dry Sample Weight ( g )  = iooo 

Sieve Analysis 

SIEVE 
NUMBER 

. 100 . .  . n 

-- \ ,. - ,,---.. . ~ ?. -. 
L2 - 

, , I :  I I .  ---- , I , ... . ~.?- ---. 
, , 3 8 , I . , 

I l l l !  I I I I .  .. . 
. ! I .  0 : ! 1  1 1 . 1  

i l l I I I  ! : i 

, . I . 1 1  I I 1 I . ,  3 

I I : I a m , ,  

: I 0  4 I I I 0 1 8 ,  I 

. , ,  3 80 - - - -  - - - - _ - - -  - - -  - - - I - - ; - ~ - L - ~ - - ~ - - L  _ -  - _ - - - - . . i l l  l I I I I ' 3 ,  - - - - - - - - . . i -. 1 1 1 1 1  1 1  I I f 

P I l l  i $ 1  I : . . : :  
, : ! I  1 I I I 

, : I  

: # I ! ,  I I , 8 3 : :  

I : 8 1 1 ;  l I I I I ,  # .  . 
1 1 1  1 I I I I d , , !  , . 
1 ' 1 1 1  I t  I 3 .  . . 
( I 1  I I 0 I I I . :  I 

. , 
. , r .  c 60 - . - - - - -  - - - - - - -  - - . - -  I L - ~ - ~ - L - ~ - - ~ - - J  - - - - - - - - - - - - - - - -  

, , - - - - - - - 
4 ' .  I I 1 .  I I ' I .  - - - - - - - - - 

.. e I t !  I I , . I  , , . : .  . I 

. ! I  I I i I $ 3 0  

.. n A . l  I s  I I , 
. . . , 

1 8 1  
I 

I ( : I ,  4 , t 1 1 1 1  I I I I n , ,  , , 

I l l  1  + 
1 ' 1  1 I 

I ; (  1  I  

1 , : :  I 

l i l t  I 

1 1 1  1 I 
, i s .  . - - - .  - - - - - - - . A d - < - _  

! ) I  
0 . .  . I 

- - - - - - + - - - - - - - + - - - - - - - - + - - - - - - - - - - + - - - - - - - - - - + - - - - - - -  + 
#4 14.750 10.00 10.00 10.00 1100.00 
#8 ,2.360 110.00 1.00 11-00 199.00 
#10 12.000 10.00 iO.00 11.00 199.00 I 
#16 11.180 10.00 0.00 11.00 199.00 1 , 
#30 10.600 110.00 11.00 12.00 198.00 1 
#40 10.425 '0.00 10.00 12.00 198.00 
#50 10.300 10.00 . 10.00 12.00 198.00 , 1 
#lo0 10.150 110.00 11.00 13.00 197.00 1 
#200 10.075 140.00 14.00 i7.00 193.00 ' 
Pan 10.000 10.00 10.00 17.00 193.00 1 , 

SIEVE 
OPENING 
(mm) 

I . .  / I 

0 - I ,  

- - --- 
100. 10. 1. 0.1 

Grain Size (mm) 

RETAINED 
WEIGHT 

(9) 

PERCENT OF 
WEIGHT 
RETAINED 

CUMULATIVE 
PERCENT 
RETAINED 

PERCENT 
FINER 

( % I  



. PHOENIX- CORPORATE OFFICE 
2912 W. Clarendbn Phoenix, AZ 85017 
(602) 241.-1097 Fax (602) 277-1 306 

Summary of Moisture Density Relationship Tests 
- 

Client: Sverdtpp, Inc. . Job No. 198013 
637 South 48th St. Ste 101 Lab No. 98-0528 
Tempe, AZ 85281 Type of Rammer: - . Manual 

Project: Bullard Wash Levees, Lower Buckeye Rd. Test Date: 05/22/98 
Goodyear. AZ 

Test Designation: ASTM D-698 
Material Description: Dark brown, sandy lean CLAY(CL) 

Test Method: A Sample Source: Boring No.: 7 ; Depth: 2 112' - 5' 

. Moisturn Density Relationship 
110 

108 

106 

'104 
2 
C 

$100 

98 

96 

i l l ,  
94 

i . i l : l : :  
17 18 19 20 21 22 23 24 25 26 27 28 

Moisturn Content (% Dry Weight) 

Specific Gravity Used For Zero Air Voids Curve: 2.65 

.d 

Maximum Dry Density (lbslcu.R): . 

Optimum Moisture Content (% of Dry Weight): 

Remarks: Respectfully Submitted: 

Reviewed 
Input By: 0 .  . Laboratory Supervisor 

TUCSON FLAGSTAFF GLOBE COlTONWOOD PRESCOlT VALLEY LAS VEGAS 
-- 820 E. 47th Street 0-1 1855 W. Kaibab Lane #6 1400% N. Broad 2646 Union Dr~ve 7136 2nd Street # I03  3002-A Rigel Avenue 

Tucson. AZ 8571 3 Flagstaff, AZ 86001 Globe, AZ 85502 Cottonwood. AZ 86326 Prescott Valley, AZ 8631 4 Las Vegas. NV 891 02 
(520) 623-4547 (520) 773-9614 (520) 425-8999 (520) 646-731 1 (520) 759-2238 (702) 871 -0492 

Fax (520) 623-4603 Fax (520) 773-9522 Fax (520) 425-9597 F a  (520) 646-71 98 F a  (520) 759-2239 Fax (702) 871-3643 
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CONSOUDATION TEST 
(ASTM D-2435) 

Sverdrup Civil. Inc. Lab No.: 
Bullard Wash-Levees, Goodyear, AZ Test Date: 
198013 Sample Location: 
0.2000 

.96.5 pcf . Soil Description: 
Before: 21.8% After: 24.4% 

LOAD DIAL PERCENT 
(Psf) READING CONSOUDANON 

. PHOENIX- CORPORATE OFFICE 
2912 W. Clarendon Phoenix, AZ 85017 
(602) 241-1 097 Fax (602) 277-1 306 

98-0527 
0511 9198 
Boring. No.: 7 
Depth2 112' - 3' 
Dark brown, lean CLAY(CL) 

0.00 
CONSOLIDATION GRAPH 

- - 

I !  

. ZO  . . 

I 

. . 
, . 

4.0 . 9 -- 
'. 

-10.0 - 
100 lar, l r n  low00 

PRESSURE ( p a  

Client: 
Project Name : 
Project No. : 
Initial Reading: 
Dry Density: 
Moisture Content: 

LOAD 

(tsf) 

. ,  TUCSON FLAGSTAFF GLOBE COrrONWOOD PRESCOlT VALLEY LAS VEGAS 
- -  820 E. 47th Street 0-1 1855 W. Kaibab Lane #6 1400% N. Broad 2646 Union Drive 7136 2nd Street # I03  3002-A Rigel Avenue 

Tucson, AZ 8571 3 Flagstaff, AZ 86001 Globe, AZ 85502 Cottonwood. AZ 86326 Prescott Valley, AZ 86314 Las Vegas. NV 891 02 
: (520) 623-4547 (520) 773-961 4 (520) 425-8999 (520) 646-731 1 (520) 759-2238 (702) 871 -0492 
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BULLARD WASH LEVEES 
LOWER BUCKEYE ROAD 

BROADWAY ROAD & BID CANAL 
GOODYEAR, ARIZONA 
ATL JOB NO. 198013 

PERCENT SWELL TEST 
(Surcharge = 100psf) 

Dry Saturation 
Boring No. Sample Percent Density Moisture 

No. - Depth (ft) USCS Swell (Dcfl (%) 



Client: 

RESULTS OF DIRECT SHEAR TESTS 

Sverdrup Civil, Inc. 
Project Name: Bullard Wash-Levees, Goodyear, AZ 
Sample Source: Boring No.: 7 Depth: 2 112' - 3' 

Type: Driven Ring; dry Density: 97.7 pcf; Moisture Content: 25.8% 
Material: Dark brown, lean CLAY(CL) 
Sampled By: K. Phillips 
Lab. No.: 98-0527 

TESTED: ASTM D3080; Samples soaked. 

Date: 27-May-98 

'' RESULTS: 

Friction Angle (phi)= 38 Deg. Cohesion (c) = 0.4 ksf 

2 3 
NORMAL PRESSURE - KSF 

Project No. 198013 

ATL, Inc. 



Mr. Brad Olbert, P.E. 
Sverdrup Civil, Inc. 
432 North 44'h Street 
Suite 250 
Phoenix, Arizona 85008 

PHOENIX - CORPORATE OFFICE 
291 2 W. Clarendon Phoenix, AZ 8501 7 
(602) 241 -1 097 Fax (602) 277-1 306 

July 13,1998 

R E C E I V E D  

AUG 1 7 1998 
dvordrup WENIX 

Re: Analysis Review 
Bullard Wash Levees 
Goodyear, Arizona 
ATL Job No. 198013 

Dear Brad: 

In response to your questions in our July 9 meeting and your subsequent 
memorandum, the following explanation is provided as to why detailed slope stability and 
rapid draw-down analysis were not performed on the final confguration of levee proposed 

a for a portion of the Bullard Wash Channel. 

Lets address rapid drawdown. Rapid drawdown is a sudden lowering in the level 
of water standing against the slope. For this project, rapid drawdown could occur when 
the state of the channel flow falls following Rood conditions. Unless pore pressures with 
a slope can adjust immediately to the falling water level, high pore pressures may exist 
within a slope following a rapid drawdown. The levee in this project is an extension of the 
channel slope; the front slope of 1v:l h is protected either by gabions or concrete. The 
back slope is either 1x1 h and protected by gabions or is lv:3h and seeded. The levees 
vary in height from 4 to 6 feet, with three feet of that freeboard. Therefore, even if pore . 

water pressure built up, the levee is too shallow, the slopes too flat and protection in place 
that will not allow slope failures. 

The above discussion is also applicable to seepage and slope stability analysis. 
The levees are inherently too shallow for traditional wedge failures. They are also 
stabilized bygabions. In many cases they will be part of the maintenance road subgrade, 
and thus will be compacted in layers. The procedure most amenable to calculation is the 
sliding wedge method in which the active (or passive) earth pressure theory is employed 
to determine the side forces. This procedure as been used by the Department of Navy and 
others. Because the "driving forcen is so small due to the minimal amount of soil involved, 
the factor of safety is very high. This observation is fairly intuitive and thus no other 

e analysis was performed. 

TUCSON FLAGSTAFF GLOBE COTTONWOOD PRESCOlT VALLEY 
LAS VEGAS 

820 E. 47th Street 0-1 1855 W. Kaibab Lane #6 1400% N. Broad 2646 Union Drive 7136 2nd Street #I03 3002-A Rigel Avenue 

Tucson, AZ 8571 3 Flagstaff, AZ 86001 Globe, AZ 85502 Cottonwood. AZ 86326 Prescon Valley. AZ 8631 4 Las Vegas, NV 891 02 
(520) 623-4547 (520) 773-961 4 (520) 425-8999 (520) 646-731 1 (520) 759-2238 (702) 871 -0492 

Fax 1520) 623-4603 Fax (520) 773-9522 Fax (520) 425-9597 Fax (520) 646-71 98 Fax (520) 759-2239 Fax (702) 871 -3643 



Analysis 
Bulbrd wash L e v e e s  
Page 2 

When developing the proposal and outlining the anticipated scope of work, the 
magnitude of the lev&s was not known. Thus the analysis w& inciuded. 

If you have further questions, please do not hesitatento contact me. 

DPH/brc 
cc: F. Rivera 





Sediment Transport & Scour Analysis 
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BulIard Wash Outfall Channel 
Sediment Transport & Scour Analysis 

1.0 INTRODUCTION 
Sediment transport analyses examine the potential for sediment deposition impacts to the 

design water surface profile and potential undercutting of the natural bank or bank-lining 

by scour processes. The design of an erosion resistant bank protection system must 

consider the potential for scour of the channel bed, if the bed is to be left as natural earth. 

Failure to do so could lead to the toe of the bank protection material being undercut by 

scour processes that will be induced by flowing water. Should this situation occur, the 

bank lining material may collapse into the scour hole, thus exposing the bank to erosive 

velocities and possible lateral movement. 

Vertical changes of the channel bed can occur in response to the following six processes: 

1. Long-Term A~gradationIDe~radation: Aggradation and degradation are defined as 

the vertical raising and lowering, respectively, of the channel bed over relatively 

long distances and time periods. Such changes, which are sometimes referred to 

as gradatioq changes, can be the result of both natural and man-induced changes 

in the watershed. 

Long-term gradation change occurs over a long period of time in response to an 

imbalance between the sediment transport capacity of the channel and the dominant 

sediment supply to the channel. When such imbalances occur, the channel will 

naturally adjust its slope to restore equilibrium between the transport capacity and 
incoming supply of sediment. The sediment continuity concept is the primary 

principle applied in both qualitative and quantitative analysis of gradation changes. 

If the transport capacity of the channel exceeds the sediment supply, the channel 

will flatten its slope (degrade). However, should the sediment supply exceed the 

transport capacity of the channel, the channel slope will increase (aggrade) in order 

to generate higher velocities that are capable of moving the sediment inflows. 

2. Local Scour: Local scour will occur in response to objects being placed in the path 

of flowing water. The most common form of local scour is that occurring at bridge 

WOODPATEL Page 1 BuUurd Wash Outjihll Channel 



piers and protruding bridge abutments or spur dikes. The procedures and 

methodology outlined in HEC-18 should be used for local scour analysis. 

General Scour; General scour process occurs in response to changes in channel 
geometry from one reach of a channel to the next. As the channel cross-section 

contracts or expands, its flow velocity (and thus sediment transport capacity) will 

change. General scour, andfor sediment deposition, is usually quantified with a 

mobile-boundary sediment routing model such as HEC-6. Such models are capable 

of predicting scour and deposition patterns as a function of bed-material size, 

channel geometry, and changes in discharge that occur during passage of a specific 

flood hydrograph. 

Bend Scour: The bends associated with meandering channels will induce transverse 

or "secondaryn currents which will scour sediment from the outside of a bend and 

cause it to be deposited along the inside of the bend. The magnitude of bend scour 

can be estimated by Zeller's equation (1981), which is based on the assumption of 
constant stream power through the channel bend. 

Low Flow Incisement: When large width-depth ratio exists in a channel, it is 

vulnerable to the formation of low-flow channels. For example, when trapezoidal 

channels, designed to carry large storm events such as the 100-year flood, are 

exposed to smaller, more frequent flows (2- to 5-year floods), the wide channel 

bottom widths may cause a shallow sheetflow condition. Rather than transporting 

these smaller flows in this manner, the channel will incise a low-flow channel that 

provides a more hydraulically efficient conveyance for these small discharges. 

There are no rigorous methodologies available for the prediction of low-flow 

channel incisement. A field inspection of the study area and engineering judgment 

are probably the best methods to determine the potential for low flow channel 
incisement. 

Bed-Form Troughs: Sand and gravel-bed channels are prone to the development 

of transitory bedforms, such as dunes and antidunes. Such bedforms create 

troughs, or depressions, below the natural bed of the channel during a flow event. 

In order to account for the possibility of these troughs forming adjacent to the toe 

of the bank, it is prudent to include bedfom troughs in the estimate of total scour. 
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2.0 PURPOSE OF STUDY 

@ This study is a supplement to the Bullard Wash Outfall Channel Improvements, in which 

a revised channelization concept was agreed upon by Sverdrup, together with the Flood 

Control District, the City of Goodyear, and MCDOT. The concept addressed the City's 

requirements on the aesthetics, recreational, and equestrian needs, as well as maintenance 
issues. As a result, a workable channel cross-section, style of bank protection, and drop 

structure scheme have been mutually agreed upon for the channelization project: 

The purpose of this study is limited to the estimation of the required toe down depths for 

the bank protection of the two channlized segments in the Bullard Wash. Specifically, the 
downstream reach is from the upstream face of the BID culvert to the downstream face of 

the MC85 Bridge (Sta. 29+00 to 73 +00), and the middle reach is from Grade Break Top 

to the Bottom of Drop (Sta. 81 +02 to 121 +64). 

Because the channel segments for the bridge, culverts, and transition areas will be 

protected using concrete lining, no bridge local scour estimation is necessary for this study. 

Also the two subject channel segments are quite uniform, so it is assumed that no general 

scour will occur. However, there is a significant bend near the downstream side of the 

Lower Buckeye Road. 

Therefore, long-term aggradationldegradation, bend scour at the upstream of the middle 

reach, sill scour near the upstream area of each reach, bed-form troughs, and low flow 

incisement were analyzed in this study. The following sections present a technical 

discussion of the engineering assumptions and methodologies used for the estimations of 

the above mentioned scour components. 
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a 3.0 METHODOLOGIES 

3.1 Hydrology 
The recommended 100-year 24-hour peak flow for the Bullard Wash Outfall 

Channel Improvements is 3,200 cfs. The estimated 50-year, 25-year, and 10-year 
flows are 2,680 cfs, 2,020 cfs, and 1,370 cfs respectively. These flows were 

utilized for evaluating the scour potential in the channel. 

3.2 Hydraulics 
The hydraulics of the channel were modeled with the Amy Corps of Engineers 
HEC-RAS Hydraulic Modeling Software. The profile summary tables for all 

return periods and the graphical profiles and cross sections for the 100-year flow 
are shown in Appendix B. 

3.3 Soils 
ATL, INC. investigated the soils in the wash in November of 1997. The soil in the 

upstream was classified as silty clay with sand, and in the downstream reach the 
soil was classified as a sandy-silty material. Dl,, D,,, and D, values were 

estimated from the soil sieve analysis curves provided for each of the channel 

reaches. 

3.4 Sediment Transport Capacity Estimation 
The Empirical Power Relationship (Zeller and Fullerton, 1983) was used to 
estimate to sediment transport capacity for each reach of the channel. The 

supporting calculations are included in Appendix A. 

The representative cross sections chosen for the analysis are Sta. 131 +20 for the 

upstream reach, Sta. 108 + 19 for the middle reach (Sta. 80 +00 to 120 +00), and 

Sta. 63 +22 for the downstream reach (Sta. 30+00 to 80+00). 

3.5 Watershed Load Estimation 
In order to estimate the long-term aggradationtdegradation trend of the channel, the 

watershed sediment load into the subject channel should be estimated first. The 

upstream reach consists of a small tailwater conveyance ditch representing the 

Bullard Wash thalweg. Based on the existing floodplain delineation, the floodplain 
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will spread out over a broad area covered by agricultural fields. The velocities 

through this reach are very slow generally in a range of 1 to 4 fps. There is no 

physical evidence of any wash instability. For these reasons, it is assumed that 

the upstream natural wash is in equilibrium and the sediment transport capacity of 
the wash is equivalent to the watershed sediment supply. Cross section in at Sta. 

13 1 +20 represents the upstream natural wash conditions. As a part of the 
channelization design, a shallow concrete lined ditch is being incorporated into the 

middle reach channel bottom (Sta. 1 19 +43 to Sta. 8 1 +02). The purpose of the 

ditch is to convey irrigation tailwater flows (approximately 7 cfs) and its sediment 

load through this reach to an irrigation outlet structure located at the top of the 
Grade Break Drop. The ditch will keep tailwater flows to the east side of the 

channel so that the flows will not block maintenance access to the channel and to 

reduce contact with occasional recreational users of the channel. 

Since the existing wash has a very limited drainage conveyance capacity, ponding 

occurs at the railroad and highway MC85 bridge structures. The limited 

conveyance including very poor outfall conditions at the existing bridge locations 

has resulted in localized sedimentation. With the proposed channel improvements, 

the drainage conveyance will be enhanced significantly and thereby eliminating the 

sedimentation concerns. 

3.6 Long-Term AggradationIDegradation - Equilibrium Slope Analysis 
Equilibrium slope analysis was utilized to estimate the long-term gradation changes 

in the Bullard Wash channel. The equilibrium channel slope is defined as the slope 

at which the channel's sediment transporting capacity is equal to the incoming 

sediment supply. Under this condition, the channel neither aggrades nor degrades. 

When the present slope of the channel is greater than the equilibrium slope, the 

channel will degrade in order to reach its equilibrium slope. 

The calculation of the equilibrium slope, which the channel will conform to, is 

accomplished by using the definition of a channel in equilibrium. That is, Q in = 

Q ,, where Q. represents the supply rate of sediment into the channel and Q ,, 
represents the sediment transport rate out of the channel. 
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The procedure begins with a determination of the sediment transport rate into the 

channel. The upstream sediment supply was assumed to be the watershed sediment 

load and to be in equilibrium. The hydraulics of the current (designed) channel 

condition was modeled with the HEC-RAS program. Since a uniform flow 

condition was assumed to exist in each of the three channel reaches, Manning's 

equation was used (in an iterative process) to calculate the final equilibrium slope. 
The individual slopes of the study reaches were varied until the resulting sediment 

transport capacity equaled the incoming sediment supply for that reach. Once a 

slope was found at which the incoming sediment supply equaled the sediment load 

in the channel reach, this slope was assumed to be the equilibrium slope for that 
reach and the analysis of the next reach was initiated. This procedure was repeated 

until all reaches had been analyzed. A spreadsheet was developed to perform these 

calculations and the output is included in Appendix A. The 10-year flow was 

assumed to be the dominant flow condition. 

3.7 Bend Scour Estimation 
Zeller's equation (1981) was used to estimate the bend scour magnitude. The input 

data and calculations were shown in a spreadsheet output and included in Appendix 

A. The 100-year flow was used in the bend scour calculation. The bend scour was 
calculated for east bank ftom station 117 +00 to 119 +53. 

3.8 Sill Scour Estimation 
The equation developed by Veronese (1937) was used to estimate the sill scour 

depth in this study. The input data and calculations were given in a spreadsheet 

output and included in Appendix A. The 100-year flow was used in the sill scour 

computation. 

3.9 Bed-Form Troughs Estimation 
The relationship developed by Kennedy (1963) was used to estimate the depth of 

antidune troughs (below the existing channel bed) and the equation developed by 
Simons and Senturk (1977) was applied to compute the dune heights. Whichever 

is greater was used as the bed-form trough depth. The input data and calculation 

were shown in Appendix A - Bed-form trough estimation spreadsheet. The 100- 

year flow was used in the bed-form trough estimation. 
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4.0 RESULTS AND CONCLUSIONS 
The equilibrium slope analysis results were shown in Table 1. For the middle reach of the 

channel, the equilibrium slope is 0.00091 ft/ft and the change from the present slope 

(0.001207 ft/ft) is 0.000297 ftlft. For the downstream reach of the channel, the 

equilibrium slope is 0.00088 ft/ft and the change from the present slope (0.001365 ftlft) 

is 0.000485 ft/ft. 

The low flow incisement is assumed to be 15% of the 100-year flow depth which is about 

1.0 ft for both middle and downstream reaches. 

Based on the sediment transport and scour analysis the following conclusions are made: 

4.1 Local Scour 

Sill scour is anticipated at the downstream side of the lined grade control 

structures. This type of scour will be limited to a very localized area and can be 

significantly reduced or eliminated by providing a gabion mattress. Bend scour 

also occurs in a local area near the channel bend. 

The total depth of local scour at the upper end of Middle Reach at Sta. 119 +53 = 

2.8 ft. (bena scour) +3.4 ft. (sill scour) = 6.2 ft; 

The total depth of local scour at the upper end of Downstream Reach at Sta. 73 +00 

= 5.5 ft. (sill scour), bend scour not applicable at this location. 

4.2 Toe Down Depths 

Toe down depth = {long-term degradation + bedform troughs + low flow 

incisement + local scour (if applicable)) x safety factor 

Middle Reach Corridor 

Toedowndepth = (1.21 + 0.38 + 1.0 + 0 . 0 ) ~  1.3 = 3.4ft. 

Downstream Reach Corridor 

Toe down depth = (2.12 + 0.54 + 1.0 + 0.0) x 1.3 = 4.8 ft. 
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Middle Reach at Sta. 119 + 53 (localized condition) 

Toe downdepth = (1.21 + 0.38 + 1.0 + 6.2) x 1.3 = 11.4 ft. 

9) 
Toe down depth = (2.12 + 0.54 + 1.0 + 5.5) x 1.3 = 11.9 ft. 
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Table 1 

Equilibrium Slope Analysis Results 

Print Date 27-Mar-98 

Return 

Period 

(Year) 

10 

Sediment Transport Capacity Long-Tern Scour Depth 

Upstream 

(cfs) 

2.56 

Middle 

(H) 

1.21 

Downstream 

(ft) 

Capcity Excess 

Middle 

(cfs) 

3.83 

Middle 

(cfs) 

1.27 

Downstream 

(cfs) 

5.20 

Downstream 

(cfs) 

1.37 

Reach Length 

Middlc 

( ft) 

4062 

Downstream 

( ft ) 

4380 

Reach Slope. 

Middle 

(ftlfi) 

0.001207 

Downstream 

, (ftlfi) 

0.001365 

Equilibrium Slope Slope. Change 

Middle 

(ftlfi) 

0.00091 

Middle 

(ftlft) 

0.000297 

Downstream 

(ftlft) 

0.00088 

Downstream 

(ftlft) 

0.000485 



APPENDIX A 

Sediment Transport Capacity Estimation 

and 

Scour Estimation 

Sediment Transport Capacity Computation Sheet for Upstream Reach (Sta. 131+20) 

Sediment Transport Capacity Computation Sheet for Middle Reach (Sta. 108+19) 

.a Sediment Transport Capacity Computation Sheet for Downstream Reach (Sta. 63+22) 

Equilibrium Slope Computation Sheet for Upstream Reach (Sta. 131+20) 

Equilibrium Slope Computation Sheet for Upstream Reach (Sta. 108+19) 

Equilibrium Slope Computation Sheet for Upstream Reach (Sta. 63+22) 

Bed-Form Trough Computation Sheet for Middle Reach (Sta. 108+19) 

Bed-Form Trough Computation Sheet for Middle Reach (Sta. 108+19) 

Bend Scour Computation Sheet for the Middle Reach 

Sill Scour Computation Sheet for Both Middle and Downstream Reaches 



Sediment Transport Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 131 +20 

Sediment Transport Equation 

Zeller and Fullerton (1 983) developed the following equation based on the Empirical 
Power Relationship qs = ayhb by Simons, ti, and Fullerton (1 981): 

0.0064 1 .n V 4.32 G 0.45 

qs = 
Y,, O.'' D SO 

0.61 

Range: 
Where: q, = bed-material discharge in cfs per unit width; 

n = Manning's roughness coefficient; (0.01 8-0.035) 
V = mean velocity (Ws); (3 - 30) 
G = gradation coefficient = 0.5(D84/D50+D&16); (2 - 5) 
Yh = hydraulic depth (ft); (1 - 20) 
D, = median diameter (mm). 

Input Data - 10-year Flow 

Q = 1370 (c~s) Dm = 0.03 (mm) 
n = 0.03 DM= 0.11 (mm) 

Yh = 1.04 (ft) D16 = 0.01 (mm) 
V = 2.03 (WS) G = 3.33 
b = 646.36 (ft) r, = 165.4 (lbhA3) 

Computed Sediment Discharge 

q, = 0.00396 (cfdft) 
Q, = 2.56 (cfs) 
c = 4934 (ppm by weight) 

-- b 
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Range: 

b 

L 
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Sediment Transport Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 108+19 

Sediment Transport Equation 

Zeller and Fullerton (1 983) developed the following equation based on the Empirical 
Power Relationship qs = ayhb by Simons, Li, and Fullerton (1 981): 

0 -0064 1-77 V 4.32 G 0.45 

qs = 
Y,, Oe30 D,, 0.61 

Where: q, = bed-material discharge in d s  per unit width; 
n = Manning's roughness coefficient; 
V = mean velocity (Ws); 
G = gradation coefficient = 0.5(D84/D50+D5dD,6); 
Y,, = hydraulic depth (ft); 
DSo = median diameter (mm). 

Input Data - lO-year Flow 

Q = 1370 (c~s) D,= 0.06 (mm) 
n = 0.0287 DE4 = 0.31 (mm) 
Yh = 3.42 (ft) Dt6= 0.015 (mm) 
V =  4.06 (WS) G = 4.58 
b = 98.80 (ft) r, = 165.4 (IbIftA3) 

Computed Sediment Discharge 

q, = 0.03874 ( c f d )  
Q, = 3.83 (cfs) 
c = 7350 (ppm by weight) 

-- - 



Wood, Patel Associates, Inc. Bullard Wash 

L 

4 

II 

Sediment Transport Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 63+22 

Sediment Transport Equation 

Zeller and Fullerton (1 983) developed the following equation based on the Empirical 
Power Relationship qs = a ~ 2 v  by Simons, ti, and Fullerton (1981): 

0 -0064 1.77 V 4.32 G 0.45 

qs = 
Y,, 0-30 D, 0.61 

Range: 
Where: q, = bed-material discharge in cfs per unit width; 

n = Manning's roughness coefficient; (0.01 8-0.035) 
V = mean velocity (Ws); (3 - 30) 
G = gradation coefficient = 0.5(D84/DSo+Df116); (2 - 5) 
Yh = hydraulic depth (ft); (1 - 20) 
Dm = median diameter (mm). 

Input Data - 10-year Flow 

Q = 1370 (c~s) Dm= 0.06 (mm) 
n = 0.0276 DE4= 0.3 (mm) 

Yh= 3.44 (ft) Dls = 0.015 (mm) 
V = 4.57 (WS) G = 4.50 
b =  87.17 (ft) r, = 165.4 (Ib/ftA3) 

Computed Sediment Discharge 

q, = 0.05967 (cfs/ft) 
Q, = 5.20 (cfs) 
c = 9963 (ppm by weight) 
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Equilibrium Slope Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 131+20 

Sediment Transport Equation 

Zeller and Fullerton (1983) developed the following equation based on the Empirical 
Power Relationship qs = a ~ , b  VC by Simons, Li, and Fullerton (1 981): 

.OOa 1.77 4.32 0.45 

qs = 
Y,, 0.30 D, 0.61 

Range: 
Where: q, = bed-material discharge in cfs per unit width; 

n = Manning's roughness coefficient; (0.01 8-0.035) 
V  = mean velocity (Ws); (3 - 30) 
G = gradation coefficient = 0.5(DdDSO+D&18); (2 - 5)  
Yh = hydraulic depth (ft); (1 - 20) 
Dm = median diameter (mm). 

Input Data - 10-year Flow 

Q = 1370 (ds) D50 = 0.03 (mm) 
n = 0.03 DM = 0.11 (mm) 

Yh = 1.04 (ft) D,, = 0.01 (mm) 
V =  2.03 (ft/s) G = 3.33 
b = 646.36 (ft) r, = 165.4 (IbhK3) 

Computed Sediment Discharge 

q, = 0.00396 (cfs/ft) 

Q, = 2.56 (cfs) 
c = 4934 (ppm by weight) 
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Equilibrium Slope Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 108+19 

Sediment Transport Equation 

Zeller and Fullerton (1 983) developed the following equation based on the Empirical 
Power Relationship qs = ayhbIf by Sirnons, Li, and Fullerton (1981): 

0.0064 1-77 4.32 0.45 

qs = 
Y, 0'30 D SO 

0.61 

Range: 
Where: q, = bed-rnaterial discharge in d s  per unit width; 

n = Manning's roughness coefficient; (0.01 8-0.035) 
V = mean velocity (ft/s); (3 - 30) 
G = gradation coefficient = o . s ( D ~ , , / D ~ + D ~ ~ ~ ) ;  (2 - 5) 
Yh = hydraulic depth (ft); (1 - 20) 
DSo = median diameter (rnrn). 

Input Data - 10-year Flow 

Q = 1370 (ds) DSo = 0.06 (rnrn) 
n = 0.0287 D, = 0.31 (rnrn) 
Yh = 3.69 (ft) D16 = 0.015 (rnrn) 
V =  3.69 (WS) G =  4.58 
b = 100.55 (ft) r, = 165.4 (IbIftA3) 

Computed Sediment Discharge 

q, = 0.02510 (cfdft) 
Qs = 2.52 (c~s) 
c = 4859 (ppm by weight) 
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Equilibrium Slope Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Calculation: Total Bed-Material Discharge. Application: Sand-Bed Channels. 

Project Name: Bullard Wash Section Name: Sta 63+22 

Sediment Transport Equation 

Zeller and Fullerton (1 983) developed the following equation based on the Empirical 
Power Relationship qs = ayhbV by Simons, Li, and Fullerton (1981): 

0,0064 1 ." v 4.32 G 0.45 

qs = 
yh Oa30 D So 

0.61 

Range: 
Where: qs = bed-material discharge in cfs per unit width; 

n = Manning's roughness coefficient; (0.01 8-0.035) 
V = mean velocity (ft/s); (3 - 30) 
G = gradation coefficient = 0.5(D84/D50+D&16); (2 - 5) 
Yh = hydraulic depth (ft); (1 - 20) 
DSo = median diameter (mm). 

Input Data - 10-year Flow 

Q = 1370 (ds) Da = 0.06 (mm) 
n = 0.0276 D, = 0.3 (mm) 

Yh= 3.97 (ft) D16 = 0.015 (mm) 
V =  3.91 (ftk) G = 4.50 
b = 88.34 (ft) rs = 165.4 (lbW3) 

Computed Sediment Discharge 

q, = 0.02904 (cfdft) 
Q, = 2.57 (cfs) 
c = 4939 (ppm by weight) 
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Bed-Form Trough Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Project Name: Bullard Wash Section Name: Sta 108+19 

Depth of Antidune Troughs 

Kennedy (1963) developed the following equation based on laboratory flume studies 
to estimate the maximum depth of antidune troughs (below the existing channel bed) 

Da = 0.0135~2 

Where: Da = depth of antidune trough (ft); 
v = mean velocity of the channel (ftls). 

Depth of Dune Height 

Simons and Senturk (1977) developed the following relationship to estimate the 
depth of dune height. 

log(Yh) = 0.827110g(Hd) + 0.8901 

Where: Hd = depth of dune height (m); 
Yh = hydraulic depth (m). 

Input Data - 100-year Flow 

Computed Depths 

Recomended Value = 038 (ft) (greater of Da and Dd) 
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Bed-Form Trough Computation Sheet 

Reference: ADWR, Design Manual for Engineering Analysis of Fluvial Systems, 1985. 

Project Name: Bullard Wash Section Name: Sta 63+22 

Depth of Antidune Troughs 

Kennedy (1963) developed the following equation based on laboratory flume studies 
to estimate the maximum depth of antidune troughs (below the existing channel bed) 

Da = 0.0135v2 

Where: Da = depth of antidune trough (ft); 
v = mean velocity of the channel (ft/s). 

Depth of Dune Height 

Simons and Senturk (1977) developed the following relationship to estimate the 
depth of dune height. 

log(Yh) = 0.827110g(Hd) + 0.8901 

Where: Hd = depth of dune height (m); 
Yh = hydraulic depth (m). 

Input Data - 100-year Flow 

Q =  (cfs) V =  

Yh= (fo 

Computed Depths 

Da = 0.54 (ft) 
Dd=O.SHd = 0.26 (ft) 

Recornended Value = 0.54 (ft) (greater of Da and Dd) 
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Bend Scour Calculation Sheet 

Reference: ADWR. Design Manual for Engineering Analysis of Fluvial Systems. 1985. p5.105-5.110 

Scour Depth Equation: 

0.0685YV O" 

Y.0.4S.0-3 I 2 . l (  
C O S ( ( I )  

Where & = bend scour component of total scour depth (ft) 
V = mean velocity of upstream flow (fps) 
Y = maximum depth of upstream flow (ft) 
Y,, = hydraulic depth of upstream flow (ft) 
S, = upstream energy slope (bed slope for uniform flow conditions, ftm) 
a = angle formed by the projection of the channel centerline from the point of curvature to a point 

which meets a line tangent to the outer bank of the channel (degrees) 

Scour Length Equation 

Where X = distance from the end of channel curvature (point of tangency, P.T.) to the downstream point 
at which secondary currents have dissipated (ft) 

C = Chezy coefficient = 1.486*Flry1/6)/n 
g = gravitational acceleration (32.2 ft/$) 
Y = depth of flow (to be conservative, use maximum depth of flow, exclusive of scour, 

within the bend) (ft) 

Stable bank side slope = 

Computed Scour Values 

Scour Length: Scour Width: 
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S i l l  Scour Computation Sheet 

100-year Scour Estimate Downstream of a Sill Structure # I  

Methodology from 'Computing Degradation and Local Scouf by E. Pemberton and J. Lara, 1984. 
Technical Guideline for Bureau of Reclamation, pages 40.45, equation type 'Dm 

100-year Discharge = 54 3@ ' 'cfs 
Total flow Area = : 604& :ft2 Long-Term Degradation 
Total Top Width = gl1.43f ft Depth to Top of Soil-Cement 

a - 
Mean flow Depth = 5.42 ft Existing Bed Elevation ; 933.46 - ft 
Discharge per foot = 28.72 cfs/ft Top of Sill Elevation -.- 933.46 :ft 

Veronese (1937) 

0.225 0.54 
d , = K H ,  q - d m  

Veronese (1 937) 

.32 inch-pound units 

0.225 0.54 
d , = K H ,  q - d m  

ead from UIS to DIS 
ds t 3.4 ft q = 28.72 discharge per unit width (cfs per ft) 

dm = 5.42 DIS mean water depth 

100-year Scour Estimate Downstream of a Sill Structure #2 

Methodology from 'Computing Degradation and Local Scour' by E. Pernberton and J. Lara, 1984, 
Technical Guideline for Bureau of Reclamation, pages 40.45, equation type 'Dm 

100-yr Discharge = 
Total flow Area = 
Total Top Width = re 
Mean flow Depth = Existing Bed Elevation 
Discharge per foot = 34.87 cfsm Top of floor Elevation 

d, = depth of scour (ft) 
K = . -.cr 1-g -..,. *a*. 1.32 inch-pound units 

HT = 2 5  head from UIS to DIS 
ds = 5.5 ft q = 34.87 discharge per unit width (cfs per ft) 

d,,, = 5.51 DIS mean water depth 
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HEC-RAS Modeling Results 

100-Year Flow Profile Table 

50-Year Flow Profile Table 
, 

25-Year Flow Profile Table 

10-Year Flow Profile Table 

100-Year Flow Profile Plot 

Cross Sections Plots 



I Bullard Wash 

Bullard Wash 
I G z i G r  

I Bullard Wash 

I Bullard Wash 

Bullard Wash 

Bullard Wash 

Bullard Wash 

Bullard Wash 

Bullard Wash 

[~u l la rd  Wash 

00-Year River: Bullard Wash Out Reach: Bullard Wash 
Rlver Sta Q Total Mln Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope 

(cfs) (11) ( ft ) (11) ( ft ) (fvft) 
13700 3200.00 948.50 951.63 951.31 951.96 0.009524 
131 20 3200.00 947.30 949.90 949.10 950.08 0.002052 
12640 3200.00 945.20 947.67 947.67 948.23 0.008973 

81 02 3200.00 930.20 933.73 933.73 935.35 0.014693 
8080 3200.00 929.25 932.25 932.86 934.82 0.027321 
7700 3200.00 912.91 914.74 916.68 923.28 0.029552 
7553 3200.00 912.74 919.00 916.46 919.57 0.000389 

7460 3200.00 912.64 918.93 916.41 919.50 0.000392 
7430 3200.00 91 2.60 918.92 916.36 919.48 0.000385 
7357 Bridge 
7300 3200.00 91 2.43 918.64 916.21 919.23 0.000408 

Vel Chnl I Flow Area I Top Wldth 



I 
- 

Bullard Wash 13049 3200.00 1 905.871 910.90l 91 0.901 913.41 
Bullard Wash 13003 3200.001 905.69 I 91 0.40 1 910.71 1 91 3.26 

HECRAS Plan: 100-Year River: Bulhrd Wash Out Reach: Bullard Wash (Continued) 
Reach 

Bullard Wash 
Bullard Wash 

Bullard Wash 12840 I 3200.00 1 ~ . 1 0 l  906.621 903.71 1 907.1 1 
Bullard Wash 12520 3200.001 899.44 I 906.34 1 903.04 I 906.78 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

l~u l la rd  Wash 12499.74 I 3200.001 899.40 1 906.38 I 902.92 1 906.74 

Rlver Sta 

3300 
3130 

Bullard Wash 12400 I 3200.001 899.201 906.40 1 902.691 906.66 
Bullard Wash 11860 3200.00 1 898.121 906.15 ( 901.62 1 906.37 

2980 
2920 
2900.42 
2890.42 
2880.42 

IBullard Wash 11800 I 3200.001 898.001 906.30 1 901.561 906.30 

Q Total 

(cfs) 
3200.00 
3200.00 

E.G. Slope 
( ftl ft ) 
0.000489 
0.001209 
0.002438 
0.002990 
0.039284 3200.00 

3200.00 
3200.00 
Culvert 
3200.00 

Vel Chnl Flow Area & Min Ch El 

( ft ) 
906.88 
906.20 

Top Width 
( ft ) 
82.M 
82.W 
50.17 
50.15 
56.74 
56.91 
51.20 

904.65 
901.95 
900.25 

900.16 

W.S. Elev 

( ft) 
913.19 
913.16 

908.04 
905.25 
908.04 

906.04 

Crit W.S. 

( ft ) 
910.91 
91 0.22 

E.G. Elev 

( ft ) 
913.90 
91 3.73 

909.50 
906.79 
905.19 

905.10 

912.89 
910.36 
909.04 

907.79 



HECRAS Plan: 
Reach . 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

10-Year River: Bullard Wash Out Reach. Bullard Wash 
Rlver Sta I Q Total I Min Ch El I W.S. Elev I Crit W.S. I E.G. Elev Flow Area I Top Width I Froude # Chl I 

(sq f t )  I ( ft ) I 
784.1 1 1 626.27 1 0.98 



HEC-RAS Plan: 50-Year River: Butlard Wash Out Reach. Bulbrd Wash (Conlinued) 
Reach I River Sta I QTotal I Min Ch El I W.S. Elev 1 Crlt W.S. I E.G. Elev I E.G. Slope I Vel Chnl I Flow Area I Top Width I Froude # Chl 

I I I (cfs) I (ft ) I ( ft ) I (ft) I ( ft ) I ( ftm) I (ftls) I (sq ft) I ( ft ) I I 
Bullard Wash 13300 I 2680.00l 906.asI 912.391 91 0.48 1 913.061 0.0005441 6.571 407.98 1 80.76 1 0.52 
Bullard Wash 131 30 2680.001 906.20 1 91 2.35 1 909.79 1 912.881 0.0012761 5.81 1 461.29 1 82.00 1 0.43 

l ~ u ~ ~ a r d  wash 13049 I 2680.00l 905.87 I 910.32 1 910.321 912.571 0.0024971 12.02 1 222.94 1 50.151 1 .oo] 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

Bullard Wash 11860 I 268o.ool 898.1 2 1 goe.20 I ~01.24 1 906.35 1 0.000349 1 3.181 eee.89l 168.71 1 0.21 
Bullard Wash 11800 2680.001 898.00l 906.30 1 901.321 906.30( 0.000014 1 0.81 1 8189.771 2346.001 0.05 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

3003 
2980 
2920 
2900.42 
2890.42 
2880.42 
2840 
2520 
2499.74 
2400 

2680.00 
2680.00 
2680.00 
2680.00 
Culvert 

2680.00 
2680.00 
2680.00 
2680.00 
2680.00 

905.69 
904.65 
901.95 
900.25 

900.16 
900.10 
899.44 
899.40 
899.20 

909.89 
907.66 
904.89 
907.35 

906.14 
906.52 
906.33 
906.36 
906.37 

910.15 
908.98 
906.27 
904.64 

904.55 
903.31 
902.65 
902.55 
902.34 

912.41 
912.05 
909.46 
908.19 

907.33 
906.88 
906.64 
906.61 
906.55 

0.002998 
0.041272 
0.044139 
0.000562 

0.000951 
0.000798 
0.000634 
0.000414 
0.000359 

12.74 
16.82 
17.16 
7.37 

8.75 
4.80 
4.45 
4.20 
3.64 

210.31 
159.30 
156.17 
363.53 

306.21 
558.04 
601.60 
744.80 
920.70 

50.14 
55.97 
56.16 
51.20 

1.10 
1.76 
1.81 
0.49 

51.20 
93.83 
94.00 

134.85 
195.67 

0.63 
0.35 
0.31 
0.28 
0.24 



HEGRAS Plan: 25-Year Rlver: Bullard Wast 

2020.00 
Bullard Wash 113120 I 2020.0C 
Bullard Wash 112640 2020.W 
Bullard Wash 112420 I 2020.0C 
Bullard Wash 112172.42 1 2020.0C 
Bullard Wash 112164.42 1 2020.00 
Bullard Wash 1 11 963 1 2020.00 
Bullard Wash 11943 2020.0C 
Bullard Wash 1 1882.84 2020.0C 
Bullard Wash 11735.25 2020.00 

Bullard Wash 1 1550 2020.00 
Bullard Wash 11300 2020.00 

Bullard Wash 11200 2020.00 
Bullard Wash 1 1 100 2020.00 

Bullard Wash 11 000 2020.00 
Bullard Wash 10819.37 2020.00 
Bullard Wash 10300 2020.00 
Bullard Wash 10200 2020.00 
Bullard Wash 10100 202O.W 
Bullard Wash 10000 2020.0C 

l ~ ~ ~ ~ a r d  wash 2020.0C 
Bullard Wash 2020.0C 
Bullard Wash 2020.0C 
Bullard Wash 2020.0C 

~BulIard Wash 1;;; 1 2020.0C 
Bullard Wash 
Bullard Wash 7533 2020.0C 

Bullard Wash 17500 I 2020.0C 
Bullard Wash (7460 2020.0C 

1 Bullard Wash (7430 I 2020.0C 
Bullard Wash 7357 Bridge 
Bullard Wash 7300 2020.0C 
Bullard Wash 7270 2020.0C 

Bullard Wash 6322 2020.0C 
Bullard Wash 3350 2020.0C 
Bullard Wash 3330 2020.0C 

Out Reach: Bullard Wash 
Min Ch El I W.S. Elev 1 Crit W.S. E.G. Elev I E.G. Slope 1 Vel Chnl I Flow Area 

(ft) I (rvft) I (fvs) I (sq f t )  
Top Width 

(ft) 
567.13 
71 9.25 
687.04 
545.40 
434.04 
81 .81 



HEGRAS Plan: 25-Year River: Bullard Wash Out Reach: Bulhrd Wash (Continued) 
Reach 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

Rlver Sta 

3300 
3130 
3049 
3003 
2980 

Bullard Wash 
Bullard Wash 
Bullard Wash 

2920 
2900.42 
2890.42 
2880.42 

Bullard Wash 
Bullard Wash 
Bullard Wash 

2020.00 
2020.00 
2020.00 
2020.00 

2840 
2520 
2499.74 

Q Total 

(cfs) 
2020.00 

2020.00 
2020.00 
Culvert 

2020.00 

2400 
1860 
1800 

W.S. Elev 

(n) 
91 1.29 

Min Ch El 

(ft) 
906.88 
906.20 
905.87 
905.69 
904.65 

2020.00 
2020.00 
2020.00 

901.95 
900.25 

900.16 

2020.00 
2020.00 
2020.00 

Crit W.S. 

( ft ) 
909.88 

91 1.24 
909.56 
909.14 
907.1 1 

900.10 
899.44 
899.40 

904.41 
906.80 

906.22 

899.20 
898.12 
898.00 

E.G. Elev 

( ft ) 
91 1.91 

909.20 
909.56 
909.38 
908.25 

906.42 
906.32 
906.33 

905.55 
903.89 

903.79 

906.34 
906.24 
906.30 

E.G. Slope 

(m) 
0.000657 

91 1.70 
91 1.42 
91 1.26 
910.91 

902.76 
902.1 0 
902.02 

908.1 9 
907.36 

906.88 

901.82 
900.72 
900.91 

Vel Chnl 
(ftls) 

6.30 
0.001385 
0.002565 
0.0031 65 
0.045547 

906.63 
906.49 
906.48 

0.045263 
0.000409 

0.000519 

906.44 
906.33 
906.30 

Flow Area 

(sq 11) 
320.68 

5.44 
10.94 
11.69 
15.64 

0.000476 
0.000363 
0.000238 

Top Width Froude # Chl 

( ft ) 
78.55 0.55 

15.59 
6.02 

6.51 

0.000207 
0.000194 
0.000008 

371.22 
184.70 
172.83 
129.15 

3.68 
3.36 
3.18 

80.03 0.45 
50.12 1 .OO 
50.1 1 1.11 
54.89 1.80 

129.57 
335.27 

31 0.28 

2.75 
2.38 
0.61 

55.16 1.79 
51.20 0.41 

51.20 0.47 
548.99 
600.40 
741.38 

93.62 0.27 
94.00 0.23 

134.65 0.21 
914.71 
896.62 

8189.77 

195.04 0.18 
169.81 0.16 

2346.00 0.04 



HEC-RAS Plan: 10-Year River: Bullard Wash Out Reach: Bullard Wash 
Top Width ( Froude # Chl 



HEC-RAS Plan: 10- 
Reach 

Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 
Bullard Wash 

Bullard Wash 
Bullard Wash 
Bullard Wash 

'ear River: Bullard Wash Out Reach: Bullard Wash (Continued) 
Rlver Sta I QTotal I Min Ch El 1 W.S. Elev 1 Crit W.S. 1 E.G. Elev 

2920 1370.00 901.95 906.40 904.74 906.89 
2900.42 1370.00 900.25 906.49 903.05 906.78 
2890.42 Culvert 
2880.42 1370.00 900.16 906.27 902.96 906.56 

E.G. Slope 1 Vel Chnl Flow Area 1 Top Width 1 Froude lt Chl I 
(sq n) I ( ft) I 

229.36 1 76.171 0.61 



EG PFIl 

WS PF#l 

&it PFIl - 
BankSta 

EG PFI1 

WS PFIl - - -+- . . 
Crit PF#1 

Banksta 

EG PFIl 

WS PFIl - - -+. - . 
&it PFIl 

EG PFIl 

WS PF#l - - + - - .  
Ctil PFIl 

Bank Sta 

Bullard Wash Improvements Phase l(SFEB98 plans) 16-02-98 BuUard Wash Improvements Phase l(SFEB98 plans) 16-02-98 Bullard Wash Improvements Phase l(SFEB98 plans) 16-02-98 Bullard Wash Improvemen& Phase l(SFEB98 plans) 1Mn-98 ~ D / S = G a a l O y r  A w D I S = U ~ I O ~ ~  Fbw:DIS=GilalOyr 
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- 
920 940 960 980 loo0 1020 1040 1060 & " " & " ' ~ ' ~ i d o d " l o i d " l ~ ' ' ; d 6 0  - (fi) - (@ - (fi) stetion (R) 
Bullard Wash lmprwements Phase l(5-98 plans) 16-02-98 Bullard Wash l m p m e n t s  Phase l(SFEB98 plans) 16-02-98 Bullard Wash lmprwements Phase l(5FEB98 plans) 16-02-98 EuUard Wash Improvements Phase l (SFEB98 plans) 16-02-98 . 

Row:DIS=GihlOyr Row:DIS=GihlOyr Row:D/S=Gaa lOyr 
kgineend RS=9080 Grade Bfwk (Top) RS = 8102 RS=8080 

k.~e-.025~-*.438d k .038 - -C38-* -038 4 ----------* 
---- - - - - - - -  

EG PFtl 935 
EG PFM 922 --- ------ 

-------  - . - - - - - - - + - -  - - - - - - -  
WS PFIl - - - - - - . -  + - - - - - - - -  - - - *  - - . - - - - -  - - - - - - - - - - - - -+- - - - - 

931 916 

- 932: 

9 3 0 - 8 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
- 

. i 914 L 
920 940 960 980 loo0 1020 1040 1060 

station (R) - (n) station (R) - (fi) Bullad Wash Improvements Phase l(SFE698 plans) 16-02-98 Bullard Wash Improvements Phase l (SFEB98 plans) 16-02-98 Bullard Wash lmpmements Phase l(5FEB98 plans) 16-02-98 Bullard Wash Improvements Phase l (5FEB98 plans) 1Mn-98 Row:DIS=~ lOyr  Row:D/S=GihlOyr Flow:D/S=GiklOyr Row. DIS = GI- lOyr 
BUIS Btidge Fece (UPRR) RS = 7553 RS = 7- RS = 7543 B WS Bridge Fnca (UPRR) RS = 7533 

922: A15 

EG PFII 

WS PF#1 

Crit PFIl - 
Benksta 

s20: 

924 
922: .015 

- 922 -------- --  -------  EG PFIl 

WS PFI1 

- . - - - - - _ - .  - - -+ - - - - - 
Bank Sta 

- - 

- -  - - - _ _ _  A 

5 92'2 

- - - - 5 
918s 

& " "& ' "& " ' i dad " i o i d " i o i d~ '~dso  
940 960 980 1000 1020 1 w  1060 9 4 0 9 6 0 9 8 0  i L " iG ' i dd " i L  - 91 2 

9 4 o " " & " ' & " ' ~ d a d " i & " i o i d " i &  - (fi) - (fl) - (ft) - (ft) Bullard Wash lmprwements Phase l(SFEB98 plans) 16-02-98 Bullard Wash Improvements Phase l(SFEB98 plans) 16-02-98 Bullard Wash lmpmements Phase l (5-98 plans) 16-02-98 Bulrard Wash Improvements Phase I (5-8 plans) 1 6-02-98 
Row:DIS=GilalOyr flow: WS = Gila lOyr flow:D/S=GilalOyr Raw:DIS=GaalOyr 

RS = 7500 RS=7480 OUS Btidge Face (MC85) RS = 7430 MC 85 RS = 7351 .0lsp4 -015-4 -015 -4 

- -------- --------- -- ------- 

- - 
- - -  - - - . - -  + - - - -  

912 
- - - 

912 
- - - 

9 1 2  . . . , . , , , , , . . , , , 

- 
I ~ " " 9 ; i 0 " " ~ ' ' ~ d a d " i ~ " ~ o i d " i ~  ~ " " & " ' & " ' i L " ; & " i & " ~ A  440 9~ 980 1000 1020 1040 :ow - (n) - (fi) - (R) 

station (ft) 

- -  - - - - - - - -  A 

e_ 91 8 
% 916: 
iii 

914: 

912 

> 
5 

0 

- - 
916 

- - - - - - - - - - - -  2 916; 
iii 

- - 914 914: 

. . . . , . . . . I . . . . I . . . . - . . l  1 9124 . .  . . , . . . . , . . . 



UMd w3 
- - + - . -  

Ltdd SM 

Udd 93 

Ltdd w3 - -+ - - 
l#dd SM 

Udd 93 

Lldd SM 

Ltdd w 
- - - + - .  

L#dd 93 

(u) w m s  
mL OZOL 0101 OOOL 066 086 oL6 - 

. . - - - - - - .  - - - + - - - - -  - - - -  - . .  

- ---------- 

k-s 10- 

& ~ m = s / a w u  & ~ ~ ! 3 = s / a ' m o ~  &~w=s/a -u  & l w ! = w a = o u  86-20-91 (sueld 86933s) l W d  s ) u e u m h l  WM m n g  86-20-91 (suald 86-S) l W d  Q w r n ~ d u l  WM PWIng 86-20-91 (sueld 86-S) l W d  Q w ~ d u l  WM prellna 86-2091 (suald 8 6 H 3 ~ )  l W d  Q ~ ~ d U J l  WM PJallW (u) wms (U) wm3 (U) wms (u) wms 
OWL OWL O Z O L  0101 OOOL 066 086 0 6  096 OWL Om1 0201 OLOL OOOL 066 086 OL6 096 

owl OZOL 0101 OOOL 066 086 OL6 
- m6 - "Po6 

fzj . - - + - -  

ltdd SM 

Ltdd 93 

-906 

m 
-906 

I806 : 
J -016 
3 - - - - - - - - - - + - - . - - - - - - .  

-216 

- - - - - - - - + -  - - - - - - . -  
Ujd w3 $16 !f 

.d -+- - - 
- -------- -216 t . - - -  ------- I - - - --------  

~c-_ 4 
. 

i t l 6  1 - - - - -------  
0zsz-w Lcwmala)oSm k-SLV-4 

&rBm=;.-u OBGZPSU ==SH poryey)a1ams-ww9 GWI=SU p a o a l a m  &Lw=s/awu & l w = s / a - u  & L 819 = S I ~  -mou 86-20-91 (suqd 8683s)  l W weuewdu l  WM pqlw 86-20-91 (Srrald 86a3S) l W d  Q w u e w h l  WM WIW 86-m-91 (sueld 8 6 9 ~ ~ )  l eserld -dul PM prellna 86--1 (suqd 8683js) l esrnld Q w u ~ J d u l  WM PWIW 
(U) wlw (U) wms (u) ufJ!ms (u) w w s  

090L OWL OZOL OOOL 086 096 up6 - ' ' A906 
0901 OWL OZOL OOOL 086 096 m 

' -906 
0901 OWL OZOL OOOL 086 096 OP6 0901 OWL O Z O L  OOOL 086 096 OP6 

- T 
' ' 

-LC6 
-806 
'I 

-806 

LMd w3 - - -  a s - - - - - + - - - - - - -  
: Is 3 3 - - - - - - - - + - - -  - - - - - .  

A LMd SM 3 - -1L6 3 
Ujd 93 216 -ZL6 

8 
-EL6 

t 16 i%- - - sro - - -PL6 

'Lo6 L .  . . .  s . . . . ,  . . . . , , , , , , . , , . , . , , ,  

806 
- - 

606 
m 
= -  

Ltjd W3 . - -+- - - 
Z16 = ltdd SM ---------  

EL6 
Ltdd 93 

E - - -4-?I i?i~- --- t 16 
OELE=Stl gewwsmfts om-sn (epo3wroe--*op~uww~ppocu)uo(puu~qdeg 

& ~ a n = s l a w u  oax=Stl w e p e r 9  m = S U 3 3 o o l P e S ) r s ( S - ~ I p 1 3  
& l . I O ' S X l ~  *r'm=mw & t a n = s / a ' ~ u  86-20-91 @veld 8-S) l W d  Q w u m d u l  WM M l W  86-20-91 (sueld 8 6 9 ~ ~ )  l esarld QU~-dul U-M pwlna 86-20-91 (srrald 8 6 e 3 s )  I esrnld ~ u e u e w d u ~  WM W I ~ B  86-20-9~ (4 8 6 9 ~ s )  I w Q W - ~ ~ I  WM PVIW 

(u) wm3 (8) ~~ (u) wms , (u) wms 
0901 OWL OZOL OOOL 086 096 m 0901 OWL OZOL OOOL 086' 096 m 0901 OWL O Z O L  OOOL 086 096 m 

- - ' ' 216 0901 OWL OZOL OWL 086 096 m 
- - - ' ' ' 216 - ' ' 216 

PL6 
-tL6 

-PI6 

- +  - - - - - - - - - - - -  
916 m -9L6 

- " -c - - . . . . . - 
S 

m - .  - - -+- - - - - - - - - _ . _ _  '-916 = -816 g 
ltdd W 816 $ . - - + - -  -= z 
l t jd  SM - - - - - - - - _  - 

026 b - 3 
-2% P 

Ltdd 93 
-0z6 

- 
226 -Pa  

-926 
-no.-,pE!q w-no. , - .  I-------SLV-4 . B- SLIT ~-4 L8z6 

aEs=Stl ptl-omaeper9 oUL=Stl 33-M &~en=s /awu  OOCL=S~J ( s B ~ R ) - ~ - s ~ ~ o  &kXfSU S83W & ~ e n = s l a w u  & ~ m = s / a w  86-U)-91 (sueld 86H3S) l W d  s)ue~ewdrul q s a ~  p r e l l ~  & r m = w a w u  
86-20-9 1 ( 4  869%~) l MWd Q w ~ ~ ~ l  WM PrWW 86-20-91 (sueld 0 6 a ~ S )  l W d  Qwuewdul WM PlalIW 86-209 1 (suald 86934s) l eserld s)ueurewdul WM PlWna 
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SUMMARY OF MANNI[NGS "n" VALUES 



Wood. Pate1 & Associates. Inc. 
TABLE El.1 

M a ~ i n g ' s  n-values Used for Each Channel Material 

Manning's 
Channel Material n-value 

Concrete - troweled or float finish 0.015 
Concrete - heavy broom or raked finish 0.019 
Concrete - form liner finish 0.024 
Grouted rip rap 0.038 
Vegetated earth 0.032 
Gabion basket or mattress 0.030 

References: Flood Control District of Maricopa Cou$ty, Drainage Design Manual - Volume II, Hydraulics, January 1996 
Chow, Ven Te, Open-Channel Hydraulics, 1959 

TABLE E1.2 
Summary of Manning's n-values Used for Bullard Wash 

28+77.74 1 2941.49 ibottom). I 0.015 I 0.015 I 0.015 
I I~ rap .  channel, grouted rip rap sides and bottom (d50 = 15 1 1 I 

From To Assigned Manning's n-values 
Station Station Channel Description Left Side Channel Right Side 

.18+00.00 

25+00.00 

28+60.56 

2 9 4  1.49 

29+95.26 

3042.33 

Reach not modeled (earthen section graded into Gila river) 
Trap. channel, gabion mattress sides, vegetated earthen 
bottom. 
Box culvert outlet apron, concrete sides (float finish) and 
bottom (raked). 
Box culverts, 4 - 12'xlO' CBC (eastern box is raked on 

25+00.00 

28+60.56 

28+77.74 

30+64.67 

33+30.00 

29+95.26 

3042.33 

30+64.67 

7247.00 

77+00.00 

12445.00 1 13 1+20.00 1 overbanks per WLB Study. 1 0.045 1 0.032 1 0.070 
13 1+20.00 1 137+00.00 1 ~ul lard  Wash. geometry per WLB Study. 1 0.045 1 0.032 1 0.070 

-- 

0.030 

0.015 

33+30.00 

72+47.00 

81+00.00 

11943.00 

121+98.00 

122+00.00 

2345.00 

- - 
inches). 
Rect. to trap. channel transition, concrete sides (form liner 
finish), bottom (raked finish). 
Rect. overchute, concrete sides (form liner finish) and bottom 
(raked). 
Trap. channel, concrete Sides (float finish) and bottom (raked 

77+00.00 

81+00.00 

- 

0.032 

0.019 

finish). 
Trap. channel, gabion mattress sides, vegetated earthen 
bottom. 
Trap. channel, concrete Sides (float finish) and bottom (raked 

119+43.00 

121+98.00 

122+00.00 

123+45.00 

12445.00 

-- 

0.030 

0.015 

0.038 

0.024 

0.024 

finish). 
Trap. channel, grouted rip rap sides and bottom (d50 = 15 
inches). 
Trap. channel, gabion mattress sides, vegetated earthen 

0.015 

0.030 

bottom, concrete trapezoidal low flow channel (n = 0.015). 
Channel inlet asks, gabion basket sides and bottom apron 
(n-value in overbanks = 0.045). 
Channel inlet area, gabion basket sides, concrete channel @ 
top of drop (n-value in overbanks = 0.045). 
Channel inlet area, vegetated earthen overbanks, concrete 
channel (n-value in overbanks = 0.045). 
Channel inlet area, vegetated earthen channel (n-value in 
overbanks = 0.045). 
Channel inlet area, vegetated earthen channel, undisturbed 

0.038 

0.0 19 

0.019 

0.015 

0.038 

0.038 

0.024 

0.024 

0.019 

0.032 

0.030 

0.030 

0.030 

0.032 

0.032 

0.015 

0.030 

0.019 

0.038 

0.0 15 

0.038 

0.032 

0.030 

0.015 

0.015 

0.032 

0.030 

0.030 

0.030 

0.032 

0.032 



Wood, Pate1 & Associates, Inc. 

TABLE E3 
Summary of Expansion and Contraction Coefficients 

From To Assigned coeficients 

3042.33 29+95.26 Expansion 1 transition from BID overchute to slop in^ drop 0.3 0.5 
29+95.26 29+11.00 Gradual transitions, sloping drop structure 0.1 0.3 
29+11.00 28+60.56 4 barrel Box Culvert under BID bypass road 0.3 0.5 
28+60.56 25+00.00 Gradual transitions, box culvert outlet to Gila River 0.1 0.3 

References: Flood Control District of Maricopa County, Drainage Design Manual - Volume II, Hydraulics, January 199C 
US Army Corps of Engineers, HEC-2 Water Surface Profiles User's Manual, September 199( 

APPENDIX 3: 
BCZLARD WASH C W A L L  C:-!!\i;EL 



HEC-RAS OUTPUT 



Wood, Patel & Associates, Inc. 
TABLE E5.1 

HEC-RAS Output for Bullard Wash Outfall Channel Improvements 
Final Hydraulic Profrle (100-yr Q) for sub & supercritical !low conditions 

Bullard Wash from Gila River to Lower Buckeye Road 

Profile Output Table - Standard Table 1 
HEC-RAS -plan: Fina1(9/98) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Sep-98 

Reach I River Sta I Q Total I Min Ch El I W.S. Elev I Crit W.S. I E.G. Elev I E.G. Slope 1  el Chnl 1 Flow Area I Top Width I Froude # Chl I 
Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Out fall Channel -- 

2500.00 

2660.00 

2860.56 

. 2877.74 2 
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3064.67 

3088.94 

3141.00 

3266.00 

3330.00 

3372.00 

3562.61' 

3753.23' 

3343.84' 

4134.46' 

4325.07' 

4515.69' 

4706.30' 

4896.92' 

5087.53' 

5278.15' 

5468.76' 

5659.38' 

5850.00 

5900.00 

(fdsec) 
3200.00 

3200.00 

3200.00 

. 3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

(ft) 
900.69 

901.02 

901.42 

. 901.45 

906.58 

906.62 

906.70 

906.90 

907.00 

907.06 

907.34 

907.62 

907.89 

908.17 

908.45 

908.73 

909.00 

909.28 

909.56 

909.84 

910.11 

910.39 

910.67 

910.74 
- 

(ft) 
906.58 

906.90 

907.30 

- 906.45 

911.65 

912.81 

912.84 

912.92 

913.25 

913.35 

913.62 

913.90 

914.17 

914.45 

914.72 

915.00 

915.28 

915.55 

915.83 
-- 

916.11 

916.38 

916.66 

916.94 

917.01 

(ft) 
904.30 

904.63 

905.03 

. 906.38 

910.92 

910.65 

910.74 

910.94 

910.70 

910.61 

910.89 

911.17 

911.45 

911.72 

912.00 

912.28 

912.56 

912.83 

913.11 

913.39 

913.67 

913.95 

914.23 

914.30 

(ft) 
907.20 

907.52 

907.92 

. 908.87 

913.25 

913.55 

913.59 

913.71 

913.78 

913.82 

914.09 

914.37 

914.64 

914.92 

915.19 

915.47 

915.75 

916.02 

916.30 

916.58 

916.85 

917.13 

917.41 

917.48 

(ftlft) 
0.002001 

0.002012 

0.002008 

. 0.003534 

0.002564 

0.000767 

0.000800 

0.000857 

0.000544 

0.001435 

0.001440 

0.001444 

0.001441 

0.001445 

0.001449 

0.001452 

0.001447 

0.001450 

0.001453 

0.001456 

0.001450 

0.001453 

0.001456 

0.001453 

(fdsec) 
6.33 

6.34 

6.33 

. 12.49 

10.17 

6.88 

6.98 

7.13 

5.84 

5.49 

5.50 

5.50 

5.50 

5.50 

5.51 

5.51 

5.51 

5.51 

5.52 

5.52 

5.51 

5.52 

5.52 

5.52 

(sq ft) 
505.71 

504.81 

505.14 

256.13 

314.59 

464.86 

458.73 

448.90 

547.68 

582.76 

582.08 

581.51 

581.89 

581.33 

580.85 

580.45 

580.99 

580.55 

580.18 

579.87 

580.48 

580.11 

579.79 

580.08 

(ft) 
91.78 

91.76 

91.76 

51.29 

62.14 

82.29 

82.15 

81.90 

98.51 

105.31 

105.28 

105.26 

105.23 

105.21 

105.19 

105.18 

105.15 

105.14 

105.12 

105.11 

105.09 

105.08 

105.06 

105.07 . 

0.48 

0.48 

0.48 

0.99 

0.80 

0.51 

0.52 

0.54 

0.44 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

0.41 

- a  



Wood, Patel & Associates, Inc. 
TABLE E5.1 

HEC-RAS Output for Bullard Wash Outfall Channel Improvements 
Final Hydraulic Profile (100-yr Q) for sub & supercritical flow collditions 

Bullard Wash from Gila River to Lower Buckeye Road 

Profile Output Table - Standard Table 1 
HEC-RAS Plan: Final(9198) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Sep-98 

Reach 

Outfall Channel 

Oirtfall Channel 

Outfall Channel 

Out fall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

River Sta 

6020.00 

6220.00 

6322.00 

6400.00 2 

6510. * 
6620.00 

6776.75* 

6933.5' 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Q Total 
(ftlsec) 
3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 
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7605.00 

7700.00 

7744.00 

7771.64 

7925.82. 

8080.00 

8100.00 

8210.00 

8348. * 

Min Ch El 
(ft) 

910.92 

911.21 

911.36 

911.45 

911.58 

911.70 

911.88 

912.05 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

W.S. Elev 
(ft) 

917.18 

917.47 

917.62 

917.74 

917.90 

918.07 

918.29 

918.50 

912.70 

912.81 

914.81 

916.00 

922.67 

929.34 

930.20 

929.33 

929.50 

Crit W.S. 
(ft) 

914.48 

914.77 

914.92 

915.00 

915.14 

915.26 

915.44 

915.61 

919.44 

919.47 

917.48 

918.71 

925.06 

932.41 

933.73 

935.30 

935.74 

E.G. Elev 
(ft) 

917.66 

91'1.95 

918.10 

918.21 

918.37 

918.52 

918.74 

918.95 

916.44 

916.58 

918.40 

919.58 

926.25 

932.92 

933.73 

933.80 

933.95 

E.G. Slope 
(ftlft) 

0.001458 

0.001457 

919.93 

919.98 

920.70 

921.77 

929.04 

934.77 

935.35 

936.03 

936.39 

Flow Area 
(sq ft) 
579.49 

579.65 

Vel Chnl 
(ftlsec) 
5.52 

5.52 

0.001464 

0.001434 

0.001409 

0.001378 

0.001348 

0.001314 

0.000454 

0.000477 

0.039657 

0.037273 

0.056647 

0.024601 

0.014641 

0.002797 

0.002329 

Top Width 
(ft) 

105.05 

105.06 

Froude # ChI 

0.41 

0.41 

5.53 

5.49 

5.46 

5.42 

5.38 .".* 
5.34 

5.59 

5.69 

14.39 

14.05 

16.01 

12.33 

10.20 

6.88 

6.48 

578.67 

582.59 

585.99 

590.28 

594.59 

599.54 

572.13 

565.67 

222.35 

227.82 

199.91 

259.54 

313.66 

464.86 

493.77 

105.02 

105.17 

105.30 

105.46 

105.63 

105.81 

93.11 

106.75 

86.61 

88.13 

87.18 

89.20 

97.66 

104.83 

106.20 

0.42 

0.41 

0.41 

0.40 

0.40 

0.40 

0.40 

0.41 

1.58 

1.54 

1.86 

1.27 

1.00 

0.58 

0.53 



\\(uod, Patel PIr Associates, Inc. 
TABLE E5.1 

HEC-RAS Output for Bullard Wash Outfall Channel Improvements 
Final Hydraulic Profile (100-yr Q) for sub & supercritical flow conditions 

Bullard Wash from Gila River to Lower Buckeye Road 

Profile Output Table - Standard Table 1 

E5 t~rlz 
1'11111 Date = 07-On-98; @ l3:58 Page 3 of 4 BULLARD WASH OUTFALL CHANNEL 

Flow Area 
(sq ft) 
529.81 

542.77 

552.02 

537.11 

543.08 

546.60 

578.90 

583.51 

587.44 

590.81 

593.57 

574.10 

576.38 

601.72 

602.47 

604.44 

604.95 

605.42 

606.17 

585.11 

586.48 

611.40 

611.73 

612.02 

589.83 

592.17 

591.35 

543.54 

145.19 

639.60 

E.G. Slope 
(f tlf t) 

0.001882 

0.001750 

0.001663 

0.001710 

0.001653 

0.001621 

0.001441 

0.001407 

0.001379 

0.001356 

0.001337 

0.001396 

0.001379 

0.001283 

0.001278 

0.001266 

0.001263 

0.001260 

0.001255 

0.001318 

0.001309 

0.001223 

0.001221 

0.001220 

0.001286 

0.001271 

0.001276 

0.001481 

0.096977 

0.004752 

HEC-RAS Plan: 
Reach 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outf all Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Out fall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

= W.\96464-BullViEC2\CLOMRUIRasDa1a.wb2 

Run Date: 
Top Width 

( f t) 
107.88 

108.48 

108.90 

103.19 

103.42 

103.56 

110.13 

110.34 

110.52 

110.67 

110.80 

104.62 

104.71 

111.16 

111.20 

111.29 

111.31 

111.33 

111.36 

105.04 

105.09 

111.60 

111.61 

111.63 

105.22 

105.31 

105.28 

92.44 

83.52 

375.21 

Vel Chnl 
(ftlsec) 
6.04 

5.90 

5.80 

5.96 

5.89 

5.85 

5.53 " 

5.48 

5.45 

5.42 

5.39 

5.57 

5.55 

5.32 

5.31 

5.29 

5.29 

5.29 

5.28 

5.47 

5.46 

5.23 

5.23 

5.23 

5.43 

5.40 

5.41 

5.89 

22.04 

7.95 

Reach: Outfall 
Min Ch El 

(ft) 
929.83 

929.99 

930.16 

930.29 

930.38 

930.55 

930.74 

930.93 

931.12 

931.31 

931.50 

931.62 

931.74 

931.86 

932.02 

932.17 

932.33 

932.49 

932.71 

932.83 

932.95 

933.07 

933.22 

933.37 

933.60 

933.77 

933.84 

933.85 

934.75 

939.65 

24-Sep-98 
Froude # Chl 

0.48 

0.46 

0.45 

0.46 

0.45 

0.45 

0.42 

0.42 

0.42 

0.41 

0.41 

0.42 

0.42 

0.40 

0.40 

0.40 

0.40 

0.40 

0.40 

0.41 

0.41 

0.39 

0.39 

0.39 

0.40 

0.40 

0.40 

0.43 

2.95 

0.94 

APPENDIX 

Final(9198) River: 
River Sta 

8624. * 
8762. * 
8900.00 

9000.00 ,a 

9080.00 

9200.00 

9372 .OO 

9529. * 
9686. * 
9843. * 

10000.00 

10100.00 

10200.00 

10300.00 

10430. * 
10560. * 
10690. * 
10820.00 

11000.00 

11100.00 

11200.00 

11300 .OO 

11425. 

11550.00 

11735.00 

11883.00 

11932.00 

11943 .OO 

12195.00 

12198.00 

Channel 
W.S. Elev 

(ft) 
936.41 

936.69 

936.94 

937.09 

937.24 

937.44 

937.77 

938.00 

938.22 

938.44 

938.66 

938.77 

938.92 

939.09 

939.26 

939.43 

939.59 

939.76 

939.98 

940.09 

940.22 

940.39 

940.54 

940.70 

940.90 

941.10 

941.16 

941.13 

936.92 

945.82 

Bullard Wash 
Q Total 
(ftlsec) 
3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200 .OO 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

3200.00 

Crit W.S. 
(ft) 

934.29 

934.45 

934.62 

934.77 

934.86 

935.03 

935.21 

935.38 

935.58 

935.77 

935.96 

936.10 

936.22 

936.33 

936.49 

936.62 

936.79 

936.95 

937.17 

937.31 

937.43 

937.54 

937.69 

937.82 

938.08 

938.25 

938.32 

938.44 

938.76 

945.82 

E.G. Elev 
(f t) 

936.97 

937.23 

937.46 

937.64 

937.78 

937.97 

938.24 

938.47 

938.68 

938.90 

939.11 

939.26 

939.39 

939.53 

939.70 

939.86 

940.03 

940.19 

940.42 

940.55 

940.68 

940.81 

940.97 

941.12 

941.36 

941.55 

941.61 

941.67 

944.47 

946.51 



\iiood, Patel & Associates, Inc. 
TABLE E5.1 

HEC-RAS Output for Bullard Wash Outfall Channel Improvements 
Fi~ral Hydraulic Profie (100-yr Q )  for sub & supercritical flow conditions 

Bullard Wash from Gila River to Lower Buckeye Road 

l'cofile Output Table - Standard Table I 
1lEC-RAS 'plan: Final(9198) River: Bullard Wash Reach: Outfall Channel Run Date: 24-Sep-98 

Reach I River Sta I Q Total 1 Min Ch El I W.S. Elev I Crit W.S. I E.G. Elev I E.G. Slope I Vel Chnll Flow Area I Top Width I Froude # Chl1 

Notes: * Denotes HEC-RAS Interpolated Cross Section 
a) Station 25+00 downstream starting WSEL using slope area method with channel slope = 0.002 ftlft is 906.58 ft. 

10-yr WSEL in Gila River is 906.3 ft per FEMA study of record by Dames & More. 
Slope area with channel slope yields 100-yr WSEL in Bullard Wash of 906.58 ft @ STA 25+00. 

b) Station 122+00 known WSEL is 946.9 based on uneven weir flow ponding elevation for the dlup inlet structure. 
c) Station 137+00 (RM 2.883) upstream starting WSEL is known elevation of 952.8 ft per WLl3 Study. 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

Outfall Channel 

APPENDIX E5 
Page 4 of 4 BULLARD WASH OUTFALL CHANNEL 

.' J' 

12200.00 

12345.00 

12445.00 

12640.00 1' 

13120.00 

13700.00 

(fUsec) 
3200.00 

3200.00 

3200.00 

3200.00 

4906.00 

4906.00 

(ft) 
939.68 

940.96 

941.85 

942.50 

943.70 

948.50 

(ft) 
946.90 

946.92 

947.51 

947.85 

948.89 

952.80 

(ft) 
946.05 

946.61 

946.86 

946.69 

948.87 

951.68 

(ft) 
947.22 

947.43 

947.68 

947.98 

949.66 

952.97 

(ft/ft) 
0.000625 

0.001100 

0.002032 

0.001103 

0.009993 

0.003333 

(ft/sec) 
5.41 

6.87 

4.15 

3.69 

7.21 

6.13 

(sq ft) 
1105.85 

1038.34 

1222.28 

1321.56 

784.66 

1818.94 

(ft) 
493.50 

626.70 

768.39 

839.61 

594.41 

873.00 

0.54 

0.61 

0.44 

0.34 

0.91 

0.58 
L 

b 

c 



SUMMARY OF FREEBOARD CONSIDERATIONS 



Wood, Patel & Associates, Inc. 

TABLE E5.6 
Summary of Freeboard Considerations for Bullard Wash 

Project: FCDMC: Bullard Wash - CLOMR Submittal 
River Reach: Gila River Outfall to Lower Buckeye Road 

Date: 24-Sep-98 
Reference: FCDMC, Drainage Design Manual, Volume I1 - Hydraulics, January 1996 

Equations Used: 
Freeboard: FB = 0.25 ( Y + VZI 2g) + dY for both subcritical & supercritical flow 

Superelevation: dY = ( V2 * T ) 1 ( g * Rc ) for channel bends 
subcritical flow, min FE3 = 1.0 ft supercritical flow, min FB = 2.0 ft 
Bridges, min FB = 2.0 ft Levees, rnin FB = 3.0 ft 

Background DATA 
Radius Top Width RdT Super Elev Calculated 
none 91.78 - nla 1.628 
none 91.76 - nla 1.626 
none 91.76 - nla 1.626 

a none 51.29 - nla 1.856 
a 4 barrel IO'x12' concrete box culvert 
a none 51.34 - nla 2.227 

none 76.95 - nla 2.139 
none 70.12 -- nla 1.640 
none 62.12 -- nla 1.632 
none 62.14 -- nla 1.666 
none 62.14 - nla 1.669 
none 82.29 -- nla 1.73 1 
500 82.15 6.09 0.25 1.724 
500 81.90 6.11 0.26 1.702 
none 98.5 1 - nla 1.695 
none 105.31 -- nla 1.690 
none 105.28 -- nla 1.687 
none 105.26 -- nla 1.687 
none 105.23 -- nla 1.687 
none 105.21 -- nla 1.687 
none 105.19 -- nla 1.685 
none 105.18 -- nla 1.685 
none 105.15 - nla 1.688 
none 105.14 - n/a 1.685 
none 105.12 -- nla 1.686 
none 105.11 - nla 1.686 
none 105.09 -- nla 1.685 
none 105.08 -- nla 1.686 
none 105.06 - nla 1.686 
none 105.07 -- nla 1.686 
none 105.05 -- . nla 1.683 
none 105.06 -- nla 1.683 
none 105.02 -- nla 1.684 
none 105.17 -- nla 1.690 
none 105.30 - nla 1.696 
none 105.46 - nla 1.707 

File = W:\96464-BullWEC2\CLOMRWRil~Data.wb2 
Print Date = 08-Oct-98; @ 1 144 Page 1 of 3 
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Wood, Pate1 & Associates, Inc. 

TABLE E5.6 
Summary of Freeboard Considerations for Bullard Wash 

Project: FCDMC: Bullard Wash - CLOMR Submittal Freebo; 
River Reach: Gila River Outfall to Lower Buckeye Road Superelevat 

Date: 24-Sep-98 
Reference: FCDMC, Drainage Design Manual, Volume I1 - Hydraulics, January 1996 

File = W:\96464-BullWEC2\CLOMR\HRasData.wb2 
Print Date = 08-Oct-98; @ 11:44 Page 2 of 3 

Equations Used: 
rd: FB = 0.25 ( Y + V2 12g) + dY for both subcritical & supercritical flow 
In: d Y = ( V 2 * T ) / ( g * R c )  forchannelbends 

subcritical flow, min FB = 1.0 ft supercritical flow, min FB = 2.0 ft 
Bridges, min FB = 2.0 ft Levees, min FB = 3.0 ft 

Background DATA 
1 Radius Top Width Rr/T Super Elev Calculated 

none 
none 
none 
none 
none 
none 

none 
none 
none 
none 

none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 
2650 
2650 
2650 
2650 
2650 
2650 
2650 

105.63 
105.81 
105.93 
106.07 
92.80 
92.87 

MC 85 bridge 
93.23 
93.22 
93.13 
93.14 

UPRR bridge 
93.30 
93.23 
93.1 1 
106.75 
86.61 
88.13 
87.18 
89.20 
97.66 
104.83 
106.20 
107.19 
107.88 
108.48 
108.90 
103.19 
103.42 
103.56 
110.13 
110.34 
110.52 
110.67 
110.80 
104.62 

nla 1.715 
nla 1.723 
nla 1.729 
nla 1.738 
nla 1.770 
nla 1.768 

nla 1.814 
nla 1.812 
nla 1.803 
nla 1.997 

nla 2.012 
nla 1.814 
nla 1.806 
nla 1.791 
nla 1.47 1 
nla 1.444 
nla 1.593 
nla 1.358 
nla 1.286 
nla 1.426 
nla 1.473 
nla 1.510 
d a  1.537 
nla 1.560 
nla 1.576 
d a  1.588 
nla 1.600 
0.04 1.605 
0.04 1.626 
0.04 1.634 
0.04 1 .640 
0.04 1.647 
0.04 1.653 
0.04 1.658 
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Wood, Pate1 & Associates, Inc. 

1 TABLE E5.6 
Summary of Freeboard Considerations for Bullard Wash 

Project: FCDMC: Bullard Wash - CLOMR Submittal Freeboi 
River Reach: Gila River Outfall to Lower Buckeye Road Superelevati 

Date: 24-Sep-98 
Reference: FCDMC, Drainage Design Manual, Volume I1 - Hydraulics, January 1996 

Stationinp, in feet Channel Elev., in feet WSEL Velocity Froude Freeboard, in feet 
10200.00 102+00.00 932.74 941.74 938.92 5.55 0.42 1.70 2.82 
10300.00 103+00.00 932.86 941.86 939.09 5.32 0.40 1.70 2.77 
10430.* 10430.* 933.02 942.02 939.26 5.31 0.40 1.71 2.76 

Equations Used: 
rd: FB = 0.25 ( Y + V2 / 28) + dY for both subcritical & supercritical flow 
In: d Y = ( V Z * T ) l ( g * R c )  forchannelbends 

subcritical flow, min FB = 1.0 ft supercritical flow, min FB = 2.0 ft 
Bridges, min FB = 2.0 ft Levees, min FB = 3.0 ft 

Background DATA 
Radius Top Width Rfl Super Elev Calculated 
2650 
2650 
2650 
2650 
2650 
2650 
none 
none 
none 
none 
none 
none 
225 
225 
none 
none 
none 
none 
none 
none 
none 
none 
none 
none 

Notes: * Denotes HEC-RAS Interpolated Cross Section 
a) STA 28+78.74 to 29+01.49,4 - 12'xlO' concrete box culvert 
b) STA 73+00 to 74+30, Maricopa County 85 slab bridge. low chord elevation is 922.06. 
c) STA 75+33 to 75+53, UPRR precast bridge. low chord elevation is 921.7, designed by others. 
d) STA 82+20 to 119+43, low flow channel invert reported by HEC-RAS, however freeboard calculations based on centerline invert of main channel. 
e) Channel Inlet Area - flow is expected to weir over banks into Bullard Wash upstream of Lower Buckeye Road. 
f) Tie into existing FEMA regulated floodplain @ RM 2.883 

0.04 
0.04 
0.04 
0.04 
0.04 
0.04 
d a  
nla 
nla 
d a  
d a  
nla 
0.43 
0.42 
d a  
nla 
d a  
d a  
d a  
d a  
d a  
d a  
d a  
d a  

File = W:\96464-BullWEC2\CLOMRWRasDi1ta.wb2 
Print Date = 08-Oct-98; @ 1 1:44 Page 3 of 3 
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Wood, Patel, & Associates, Inc. 

UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT: Bullard Wash Outfall Channel 
ENGINEER: dtp 
DATE: 9/ 4/1998 
TIME: 11:42. 4 

.............................................. 
INPUT PARAMETERS .............................................. 

STARTING WSEL: 944.90 
MAXIMUM WSEL: 947.70 
STEP SIZE: 0.10 
BREADTH OF WEIR: 20.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INPUT ELEVATION/STATION TABLE. 
PROJECT: '~ullard Wash Outfall Channel 
DATE: 9/ 4/1998 
TIME: 11:42. 4 

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

POINT ELEVATION STATION ----- --------- ------- 
1 950.00 11942.00 
2 946.20 11943 -00 
3 944.97 12043.84 
4 945.30 12200.00 
5 950.00 12201.00 

File = W:\96464-~ull\weir\BW-w.wpd 
Uneven Weir Analysis 

Drop inlet on west side 

Drop inlet on west side 

Appendix 
Page 1 of 2 



Wood, Patel, & Associates, Inc. 

WEIR COEFFICIENT TABLE 
PROJECT: Bullard Wash Outfall Channel 
DATE: 9 /  4 /1998 
TIME: 11:42.  4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

REFERENCE: COE CHART - UPPER CURVE 
POINT ----- 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
13 
1 4  
15  

HEAD ---- 
0.00  
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 
1 .10  
1 .20  
1 .30  
1 .40  

COEFFICIENT ----------- 
2.5000 
2 . 5167--- 
2.5333 
2.5500 
2.5667 
2.5833 
2.6000 
2.6167 
2.6333 
2.6500 
2.6667 
2.6833 
2.7000 
2.7167 
2.7333 

POINT ----- 
1 6  
1 7  
1 8  
1 9  
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 
2 7 
2 8 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1 .0  
PROJECT: Bullard Wash Outfall Channel 
DATE: 9 /  4 /1998 
TIME: 11:42.  4 

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

ELEVATION --------- 
944.90 
945.00 
945.10 
945.20 
945.30 
945.40 
945.50 
945.60 
945.70 
945.80 
945.90 
946.00 
946.10 
946.20 
946.30 

DISCHARGE (CFS ) --------------- 
0.00  
0.09 
3.40 

14.19 
35.10 
66.92 

107.48 
155.96 
212.05 

'. 275.60 
346.55 
424 .91  
510.71  
604.02 
705.22 

HEAD ---- 
1 .50  
1 .60  
1.70 
1 .80  
1 .90  
2 .00  
2.10 
2 .20  
2 .30  
2 .40  
2.50 
2.60 
2 .70  

Drop inlet on west side 

COEFFICIENT ----------- 
2.7500 
2.7667 
2.7833 
2.8000 
2.8167 
2.8333 
2.8500 
2.8667 
2.8833 
2 .go00 
2.9167 
2.9333 
2.9500 

Drop inlet on west side 

ELEVATION DISCHARGE (CFS) --------- --------------- 
946.40 813.32 
946.50 928.03 
946.60 1049.12 
946.70 1176.45  
946.80 1309.89  

File = W:\96464-Bull\weir\BW-w.wpd 
Uneven Weir Analysis 
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Wood, Patel, & Associates, Inc. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PROJECT: Bullard Wash Outfall Channel 
ENGINEER: dtp 
DATE: 9/ 4/1998 
TIME: 11:49.44 

.............................................. 
INPUT PARAMETERS .............................................. 

STARTING WSEL: 943.80 
MAXIMUM WSEL: 946.50 
STEP SIZE: 0.10 
BREADTH OF WEIR: 10.00 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
INPUT ELEVATION/STATION TABLE. 
PROJECT: Bullard Wash Outfall Channel 
DATE: 9/ 4/1998 
TIME: 11:49.44 

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

POINT ELEVATION, STATION ----- --------- ------- 
1 948.00 11942.00 
2 943.85 11943.00 
3 944 -20 12200.00 
4 948 .OO 12201.00 

File = W:\96464-Bull\weir\BW-e-wpd 
Uneven Weir Analysis .. 

Drop inlet weir on east 

Drop inlet weir on east 
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Wood, Patel, & Associates, Inc. 

WEIR COEFFICIENT TABLE 
PROJECT: Bullard Wash Outfall Channel 
DATE: 9/ 4/1998 
TIME: 11:49.44 

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

REFERENCE: COE CHART - UPPER CURVE 

POINT ----- 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

HEAD ---- 
0.00 
0.10 
0.20 
0.30 
0.40 
0.50 
0.60 
0.70 
0.80 

COEFFICIENT ----------- 
2.5000 
2.5333, 
2 -5667 
2.6000 
2.6333 
2.6667 
2.7000 
2.7333 
2.7667 
2.8000 
2.8333 

POINT ----- 
16 
17 
18 
19 
2 0 
2 1 
2 2 
2 3 
2 4 
2 5 
2 6 

Drop inlet weir on east 

HEAD ---- 
1.50 
1.60 
1.70 
1.80 
1.90 
2.00 
2.10 
2.20 
2 -30 
2.40 
2.50 

COEFFICIENT ----------- 
3.0000 
3.0022 
3.0044 
3.0067 
3.0089 
3.0111 
3.0133 
3.0156 
3.0178 
3.0200 
3.0222 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
UNEVEN WEIR FLOW PROGRAM 
FORTRAN VERSION 1.0 
PROJECT: Bullard Wash Outfall Channel Drop inlet weir on east 
DATE: 9/ 4/1998 
TIME: 11:49.44 

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

ELEVATION --------- 
943.80 
943.90 
944.00 
944.10 
944.20 
944.30 
944.40 

DISCHARGE (CFS) ELmATION --------------- --------- 
0.00 945 -30 
0.41 945.40 
6.46 945.50 

23.32 945.60 
54.44 945.70 

100.96 945.80 
159.14 945.90 

File = W:\96464-Bull\weir\BW-e.wpd 
Uneven Weir Analysis 

DISCHARGE (CFS ) --------------- 
1085 -30 

. 1228.98 
1380.57 
1528.27 
1677.18 
1830.83 
1989.08 

Appendix 
Page 2 of 2 
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Open Channels 

VELOCITY IN VlClNlTY OF BANK 
(ft/sec) 

Figure 6.10 
Required Blanket Thickness of Grouted Rock 

(USDOT. FHWA..HEC- 1 1. 1989) 

6.5.5 Wire E-d Rock (Gabion Basket& 

6.55.1 General: Wire enclosed rock refers to rocks that are confined by a wire basket 
so that they act as a single unit. The wire mesh enclosed rock units are also known as 
gabion baskets or gabi~q~rnattresses. One of the major advantages of wire enclosed rock 
is that it provides an alternative in situations where available rock sizes are too small for 
ordinary riprap. Another advantage is the versatility that results from the regular 
geometric shapes of wire enclosed rock. The rectangular blocks and mats can be 
fashioned into almost any shape that can be formed with concrete. The durability of wire 
enclosed rock is generally limited by the service life of the galvanized binding wire 
which, under normal conditions, is considered to be about 15 years. Water carrying silt, 
sand or gravel can reduce the service life of the wire. Also, water which rolls or 
otherwise moves cobbles and large stones breaks the wire with a hammer and anvil 
action and considerably shortens the life of the wire. The wire has been found to be 
susceptible to corrosion by various chemical agents and is particularly affected by high 



I f  t h e  des igner  has  no knowledge of the  e r o d i b i l i t y  of  t h e  s o i l  
a t  a p a r t i c u l a r  channel  si te,  a reasonable e s t i m a t e  of dmax 

11 may b e  obta ined by i n t e r p o l a t i n g  half-way between t h e  e r o s i o n  
r e s i s t a n t "  and "erodible" l i n e s  of t h e  maximum p e r m i s s i b l e  
depth c h a r t s  (except  Chart  27 f o r  rock r i p r a p ,  where no range 
i s  given because t h e  underlying s o i l  has no i n f l u e n c e  on t h e  
e ros ion  r e s i s t a n c e  of  t h e  r i p r a p  l i n i n g ) .  

Hydraulic Resis tance  

The f low v e l o c i t y  c h a r t s  were developed t o  de f ine  t h e  r e l a t i o n -  
s h i p  between t h e  hyd3aul ic  r a d i u s  of the  channel,  R, l o n g i t u d i n a l  
s l o p e  of t h e  channel,  S o ,  and mean channel v e l o c i t y ,  V, f o r  a 
given channel l i n i n g .  For some l i n i n g s ,  such a s  rock  r i p r a p  
of a given s i z e  and f i b e r  g l a s s  roving tacked wi th  a s p h a l t ,  t h e  
Manning equat ion may b e  used s i n c e  the n value  i s  e s s e n t i a l l y  
constant .  For rock r i p r a p ,  t h e  Manning n value  v a r i e s  wi th  
mean s t o n e  s i z e ,  a s  fo l lows (6) : 

Thus, t h e  fo l lowing n va lues  apply  f o r  common s t o n e  s i z e s :  

For f i b e r  g l a s s  roving tacked wi th  aspha l t ,  Cox (4) found t h a t  
the  Manning n va lue  was approximately a constant :  

Smooth Rolled Channels Channels wi th  Clods 
and Tracks 

S ing le  l a y e r  0.030 
Double l a y e r  0.020 

1 

The h igher  v a l a e s  of n were used i n  the  development of Charts  5 
and 6 ,  assuming t h a t  most highway channels w i l l  be r a t h e r  rough 
a f t e r  seeding and mulching. 
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Table 6.4 
Riprap Gradation Limits 
(USDOT, FHWA, HEC- 1 1) 

The gradation coefficient, G, should equal 1.5. 

Stone Size Range 

1.5 dm to 1.7 d,, 

1.2 d,, to 1.4dm 

l.Od,, to 1.15 d,, 

0.4 dm to 0.6 d,, 
C 

Table 6.4 provides design gradations for riprap. As a practical matter, the designer 
should check with local quarries and suppliers regarding the classes and quality of riprap 
available near the site. 

Thickness: The riprap-layer thickness shall be the greater of 1.0 times the d,, value, or 
1.5 times the d,, value. But the thickness need not exceed twice the d ,, value. The 
thickness is measured perpendicular to the slope upon which the riprap is placed. 

Stone Weight Range 

3.0 W,, to 5.0 W, 

2.0 W,, to 2.75 W,, 

- l.OW, to 1.5 W,, 

0.1 W,, to 0.2 W,, 

Filter Blanket Requirements: The purpose of granular fdter blankets underlying riprap 
is two-fold. First, they protect the underlying soil from washing out; and, second, they 
provide a base on which the riprap will rest. The need for a filter blanket is a function 
of particle-size ratios between the riprap and the underlying soil which comprise the 
channel bank. The inequalities that must be satisfied are as follows: 

Percent of Gradation 

100 

85 

5 0  

15 
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Table 6.5 
Gradation for Gravel Bedding 

(Simons, Li and Associates, 1989) 

(1) Percent passing by weight 

Standard Sieve Size 

3 inches 

1-112 inches 

314 inch 
" 

3/8 inch 

#4 (4.75 mrn) 

#16 (1.18 mm) 

#50 (0.20 mm) 

#lo0 (0.15 mm) 

#200 (0.075 mm) 

Table 6.6 
Thickness Requirements for Gravel Bedding 

Type I ('I 

- 
- 
- 

100 

95 to 100 

45 to 80 

10 to 30 

2 to 10 

0 to 2 

Type I1 ('I 

90 to 100 

- 

20 to 90 

- 

0 to 20 

- 
- 
- 

0 to 3 

Riprap 
Classification 

6", 8" 

12" 

18" 

. 24" 

30" 

36" 

Minimum Bedding Thickness, inches 

Coarse Grain 
Native Soils 

Type III 

6 

6 

8 

8 

10 

10 

Fine Grain Native Soils 

Type I 
1 4 

4 

4 

4 

4 

4 

Type 11 

4 

4 

6 

6 

8 

8 
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73.25 Seepage and Uplift Forces: The most common technique for seepage analysis 
is that proposed by E.W. Lane (1935), commoniy referred to as "Lane's Weighted-Creep 
Method. The essential elements of this method are paraphrased as follows: 

1. The weightedcreep distance of a cross-section of a drop structure is the sum of 
the vertical creep distances (along contact surfaces steeper than 45 degrees), &, 
plus one-third of the horizontal creep distances (along contact surfaces less than 
45 degrees), &. 

2. The weighted-creep head -. ratio is defined as: 

3. Lane's recommended weighted-creep ratios are given for various foundation 
materials in Table 7.3. 

4. Reverse filter drains, weep holes, and pipe drains are aids to provide security 
from seepage, and recommended safe weighted-creep head ratios may' be 
reduced as much as 10 percent, if used. 

5 .  Care must be exercised to insure that cutoff walls extend laterally into each bank 
so that flow will not outflank them. 

6 .  The upward pressure to be used in design may be estimated by assuming that the 
drop in pressure from headwater to tailwater along the contact line of the drop 
structure and cutoff wall is proportional to the weighted-creep distance. 

Seepage is controlled by increasing the seepage length such that C, is lowered to a 
conservative value. Soils tests must be taken during design and conf i i ed  during 
construction. These tests are especially critical for reinforced concrete structures. 

An example of this technuque can be found in Design of Small D SBR, 1987). An 
alternative approach is to use a flow net or computerized s e e p a z a l y s i s  to estimate 
subsurface flows and uplift pressures under a structure. Seepage considerations should 
be included in the design of cutoff walls, wall footings, drains, filters, smcnval slabs, 
and grouted masses. 

Locating a seepage cutoff wall upstream of the crest of a drop structure and using 
horizontal impervious blankets can be effective. It is also very important to control 
lateral seepage around the structure. 

7-24 January 28,1996 



Hydraulic Structures 

6 o f  8 
Table 7.3 

Lane's Weighted-Creep: Recommended Ratios 

7.3.3 Drop Selection 

There are four major considerations for the selection of the type of drop structure for a 
particular application: 1) surface flow hydraulic performance; 2) foundation and seepage 
control; 3) economic considerations; and 4) construction considerations. Other factors 
which can affect selection are land uses, aesthetics, safety, maintenance, and anticipated 
downstream channel degradation. 

733.1 Surface Flow Hydraulic System: The primary consideration for the selection 
of a drop structure should be functional hydraulic performance. The surface flow 
hydraulic system combines channel approach and crest hydraulics, sloping or vertical 
drop hydraulics and downstream tailwater conditions. Hydraulic analysis procedures are 
presented in Section 7.3<2. Additional guidelines are also contained in Section 7.3.4. 

7.33.2 Foundation and Seepage Control Systems: Table 7.4 presents some typical 
foundation conditions and control systems typically used for various drop heights. Table 
7.4 is presented only as a guide. The hydraulic engineer must calculate hydraulic 
loadings which can occur for a variety of conditions such as interim construction 
conditions, low flow, and flood flow. The soils/foundation engineer couples this 
information with the on-site soils information. Both work with a structural engineer to 

\ 

-- establish final loading diagrams, and selection and sizing of structural components. This 

January 38,1996 7-25 
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Hydraulic Structures 

Figure 7.9 
Length of a Hydraulic Jump for Non-Rectangular Channels 

(USDOT. FHWA. HEC- 14. 1983) 
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wood, Patel 8. Associates Bullard Wash 

Sill Scour Computation Sheet 

100-year Scour Estimate Downstream of Broadway Road (Sta. 63+22) 

Methodology from 'Computing Degradation and Local Scouf by E. Pembetton and J. Lara. 1984, 

Technical Guideline for Bureau of Redamation, pages 40-45. equation type 'Dm 

100-year discharge = Long-term degradation = 

Total flow area (Us) = Total flow area (dls) = 

Total top width (Us) = Total top width (dls) = 

Mean flow depth (uts) = 6.00 ft Mean flow depth (d/s) = 6.00 ft 

Discharge per foot = 34.45 cfs/ft WSEL (uls) = 

P . 

0.225 0.54 
d , = m ,  q - d m  d, = depth . -  of scour : (ft) 

K = 1.32 11.32 inch-pound units 

Hr = 1.75 head from U/S to DIS 

ds = 4.1 ft q = 34.45 discharge per unit width (ds per ft) 

d,,, = 6.00 D/S mean water depth 





Wood. Patel & Associates Bullard Wash 

Sill Scour Computation Sheet 

100-year Scour Estimate Downstream of 4-12x10 R CBC (Sta. 28+71.74) 

Methodology fmm 'Computing Degmdation and Local Scouf by E. Pemberton and J. Lara, 1984. 

Technical Guideline for Bureau of Reclamation, pages 40-45, equation type 'Dm 

100-year discharge = Long-term degradation = 

Total flow area (uls) = Total flow area (dls) = 

Total top width (uls) = Total top width (dls) = 

Mean flow depth (uls) = 5.41 R Mean flow depth (dls) = 

Discharge per foot = 56.00 ds/ft WSEL(uls) = 

& 

0.225 0.54 
d , = m ,  q - d m  d, = depth ,,- +.-" of - scour *: (ft) 

K = - T.32 :: 1.32 inch-pound units 

HT = 0.63 head from U/S to DIS 

ds = 5.0 R q = 56.00 discharge per unit width (ds per ft) 

d,,, = 5.51 DIS mean water depth 

r 
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